
Abstract. Background/Aim: Although molecular targeting
therapy is an attractive treatment for cancer, resistance
eventually develops in most cases. Here, we evaluated
chemotherapeutic efficacy on non-small cell lung cancer
(NSCLC) with acquired resistance to epidermal growth factor
receptor inhibitors mechanistically. Materials and Methods:
Antitumor effects of taxotere were evaluated using multiple
models, including xenograft, and patient-derived models
developed from adenocarcinoma cancer patients. Protein
expressions were analyzed after drug treatment. Results:
Taxotere inhibited tumor growth of NSCLC cells harboring
drug resistance, and reduced the expression of phosphorylated
MET proto-oncogene, receptor tyrosine kinase (MET). A
tumor-inhibitory effect of taxotere was also demonstrated in
vivo in xenografts in mice, patient-derived primary lung tumor
cells and patient-derived xenograft with concomitant repression
of phosphorylated MET expression. Chemotherapeutic and
MET-targeting drug exhibited a synergistic cell growth-
inhibitory effect. Conclusion: These results suggest that the
anticancer drug taxane may be an adjuvant for lung tumors
exhibiting enhanced signaling of MET networks.

Many targeted cancer therapeutics have opened up the era of
precision medicine (1) through advances of biological
techniques, including the development of models resembling
patient tumors (2). Patients diagnosed with non-small cell

lung cancer (NSCLC) have benefits from specific ‘targeted’
anticancer drugs. In practice, resistance mechanisms often
develop to most of these targeted agents, however, and
patients need alternative treatments (3). Together with
discovering new agents that can combat acquired resistance,
standard chemotherapeutics as well as combinational
adjuvants are being re-evaluated to overcome resistance in
order to increase survival rates.

Several mechanisms have been elucidated for acquired
resistance to epidermal growth factor receptor (EGFR)
inhibitors (4-6). Approximately 40% of patients who were
initially sensitive to tyrosine kinase inhibitor (TKI) therapy
develop secondary mutation of the T790M at exon 20 in
EGFR. Overexpression of hepatocyte growth factor (HGF)
receptor has also been observed in both TKI-naive patients
and those with acquired resistance to EGFR inhibitors
through amplification of the MET gene in approximately
20% of acquired resistance patients to EGFR inhibitors (7,
8). Therefore, antibodies targeting MET and HGF, as well as
small molecule kinase inhibitors, have been investigated in
preclinical and clinical trials (9, 10). 

Recently, increasing evidence has revealed the importance
of immunotherapy and the tumor microenvironment, and has
led to the development of immune checkpoint inhibitors (11).
Fast-growing tumor cells establish contact with stromal cells
via a complicated intercellular signaling network, in which
chemokines and cytokines play critical roles (12). 

In this regard, we validated the antitumor effect of
taxotere, a standard chemotherapeutic (13), on different cells
and mouse models. 

Materials and Methods
Cell culture and reagents. Human lung cancer cell line H1975 was
obtained from the American Type Culture Collection (Manassas,
VA, USA) and maintained in Dulbecco’s modified Eagle’s medium
or RPMI-1640 medium (GIBCO BRL, Carlsbad, CA, USA)
containing 10% fetal bovine serum (GIBCO BRL), 100 U penicillin,
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and 100 μg/ml streptomycin at 37˚C in 5% CO2. All cell lines
routinely tested negative for mycoplasma (PlasmoTest; InvivoGen,
San Diego, CA, USA). To verify cell viability, a trypan blue
exclusion assay was routinely performed. Cells were counted with
an Automated Cell Counter (BioRad, Hercules, CA, USA). Taxotere
was purchased from Chemie Tek (Indianapolis, IN, USA) and
crizotinib, a specific MET inhibitor, was purchased from Selleck
Chemicals LLC (Houston TX, USA). 

Protein expression analysis. Western blot analysis was performed
as described previously. Total cellular proteins (20 μg) were
subjected to analysis. Primary antibodies to MET, pTyr 1234/1235
MET, protein kinase B (PKB, AKT), pSer 473 AKT, signal
transducer and activator of transcription 1/3 (STAT1/3), phospho-
STAT1/3, MCL1 apoptosis regulator, BCL2 family member
(MCL1), cyclin D3, caspase 3 and poly (ADP-ribose) polymerase
(PARP) were obtained from Cell Signaling Technology (Danvers,
MA, USA). Primary antibodies to β-actin were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Primary antibodies for B-cell
lymphoma-extra large (BCL-xL), interleukin-6 (IL6), and jun
proto-oncogene, AP-1 transcription factor subunit (c-JUN) were
obtained from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Primary antibodies were detected with corresponding
horseradish peroxidase–conjugated goat anti-mouse or goat anti-
rabbit secondary antibody (Cell Signaling Technology), and
immunoreactive proteins were visualized using an Enhanced
ChemiLuminescence kit or LAS4000 (GE Healthcare Bio-
Sciences, Chicago, IL, USA). The intensities of protein bands were
calculated with Quantity One software (Bio-Rad, Hercules, CA,
USA) for quantification.

Generation of patient-derived (PDX) models. All procedures for
patient-derived primary cells and xenograft were approved by the
Asan Medical Center Institutional Review Board (IRB#2012-0112),
and Asan Medical Center Institutional Animal Care and Use
Committee. All experimental protocols were carried out in
accordance with Asan Medical Center institutional guidelines for

the care and use of animals. All patient tumor tissues were obtained
with informed consent in accordance with the ethical standards of
the Asan Medical Center Institutional Research Committee. Patient-
derived primary cells and mouse xenograft were established as
described in previous reports (14-16). Briefly, a small piece of
patient tumor tissues were minced and subsequently digested
using 1 mg/ml of type IV collagenase (Sigma Chemical Co, St.
Louis, MO, USA.) in Dulbecco’s modified Eagle’s medium/F12.
After 90 min incubation at 37˚C, tissues were washed and plated
with bronchiolar epithelial basal medium (Lonza, Walkersville,
MD, USA) containing bovine pituitary extract, human epidermal
growth factor, GA-1000, insulin and a Lonza REGM™ Renal
Epithelial Cell Growth Medium SingleQuots™ Kit. For generation
of PDX, a piece of tumor tissue in 3×3×3 mm3 size was implanted
subcutaneously into flank of 6-week-old NOD-SCID mice (Charles
River Laboratories, Wilmington, MA, USA). After 2-3 months,
when the tumor size reached more than 1 cm3, the tumors were
surgically removed and propagated by transplanting into male
athymic nude mice (BALB/c-nude; 6 weeks old; Japan SLC,
Hamamatsu, Japan) (14-16).

Assessment of tumor growth inhibition in vitro and in vivo. All
procedures for NSCLC cell xenografts were approved by the Asan
Medical Center Institutional Animal Care and Use Committee.
Xenograft experiments were as described in previous reports (14-16).
Briefly, H1975 cells (2×106) were injected subcutaneously into the
flank of 6-week-old male athymic nude mice. Treatment was initiated
when tumors in each group achieved an average volume of 100 mm3.
The mice were divided into two treatment groups: one group treated
five times with 2 or 10 mg/kg of taxotere every 5 days by intravenous
injection, with phosphate-buffered saline as vehicle; and a control
group was injected with phosphate-buffered saline alone. Tumor
volumes were measured with caliper three times weekly and
monitored for 25 days after the onset of treatment. The difference in
tumor size was determined according to the formula: W1×W2×W2/2
mm3, where W1 was the largest tumor diameter and W2 the smallest.
The PDX tumors were transplanted into male athymic nude mice and
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Table I. Primers used for reverse transcription polymerase chain reaction.

Gene symbol                 Encoded protein                                                                                                 Primer sequence

CX3CL1                                                                                                                  Forward                     GACCCCTAAGGCTGAGGAAC
                                                                                                                               Reverse                     CTCTCCTGCCATCTTTCGAG
CCL2                             C-C motif chemokine ligand 2                                      Forward                     CCCCAGTCACCTGCTGTTAT
                                                                                                                               Reverse                     TGGAATCCTGAACCCACTTC
CCL26                           C-C Motif chemokine ligand 26                                    Forward                     AACTCCGAAACAATTGTACTCAGCTG
                                                                                                                               Reverse                     GTAACTCTGGGAGGAAACACCCTCTCC
IL6                                 Interleukin 6                                                                    Forward                     TCAATGAGGAGACTTGCCTG
                                                                                                                               Reverse                     TCATCTGCACAGCTCTGGCT
IL8                                 Interleukin 8                                                                    Forward                     ATGACTTCCAAGCTGGCCGTGGCT
                                                                                                                               Reverse                     TCTCAGCCCTCTTCAAAAACTTCT
SERPINE1                     Serpin family E member 1                                             Forward                     GGCCATTACTACGACATCCTG
                                                                                                                               Reverse                     GGTCATGTTGCCTTTCCAGT
ICAM1                           Intercellular adhesion molecule 1                                 Forward                     GGAAGGTGTATGAACTGAGCAA
                                                                                                                               Reverse                     GGAGTCCAGTACACGGTGA
GAPDH                         Glyceraldehyde 3-phosphate dehydrogenase                Forward                     TCACCACCATGGAGAAGGC
                                                                                                                               Reverse                     GCTAAGCAGTTGGTGGTGCA



grown to an average 100 mm3, and used for in vivo efficacy analysis
as xenograft experiments with lung cancer cells.

Cell growth inhibition. Lung cancer cells or patient-derived cultured
lung primary cells were treated with different concentrations of 1
to 10 nM of taxotere with and without 1 to 2 μM of crizotinib in
appropriate media for 24 to 72 h. Cell proliferation was measured
with the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT; Sigma) assay as previously described (17).

Quantitative reverse transcriptional-polymerase chain reaction (RT-
PCR). RT-PCR was carried out using a High Capacity cDNA
Reverse Transcription kit (Applied Biosystems). Primers in Table I
used for the experiments were obtained from Macrogen Inc. (Seoul,

Republic of Korea). Three independent experiments were performed
to confirm gene down-regulation (17).

Statistical analysis. Data are expressed as the means±SD of triplicate
samples or at least three independent experiments. Statistical
significance was determined with Student’s t-test with threshold of
p<0.05. 

Results

Taxotere reduced cell proliferation of NSCLC cells
including cells with acquired TKI resistance. We examined
efficiency of taxotere on NSCLC cells as potential
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Figure 1. The effect of taxotere (Taxo) on non-small-cell lung carcinoma (NSCLC) cell growth. A: Cells were treated with increasing concentrations
of taxotere for 3 days. Inhibitory effect of drug was determined as the cell growth ratio of 0 to 10 nM taxotere treatment on day 4. B: Expression
of phosphor-MET proto-oncogene, receptor tyrosine kinase (p-MET), phosphor-signal transducer and activator of transcription 3 (p-STAT3),
phosphor-AKT (p-AKT), phosphor-jun proto-oncogene, AP-1 transcription factor subunit (p-c-JUN), poly-ADP ribose polymerase (PARP), B-cell
lymphoma-extra large (BCL-xL) and MCL1 apoptosis regulator, BCL2 family member (MCL1) proteins in H1975 NSCLC cells were evaluated after
3 days of treatment with taxotere. 



therapeutics against cells with acquired resistance to TKI.
Interestingly, cells with activated EGFR signaling, thereby
TKI-sensitive cells (PC9), as well as TKI-resistant cells
such as EGFR T790M mutant cells (H1975) were also
responsive to the drugs; PC9 and H1975 showed dramatic
growth inhibition, as low as 19% and 26%, respectively
after 3 days of drug treatment (Figure 1A). These results
indicate that taxotere is effective in cell growth inhibition
regardless of EGFR activation or TKI resistance.

Taxotere inhibited phosphor-MET expression on cells with
acquired TKI resistance. By binding to tubulin followed by
producing microtubules, taxotere results in cell growth
inhibition and apoptosis. However, there is no report relevant
to MET signaling pathway, which affects tumor cell growth
and metastasis. We analyzed expression of proteins
associated with survival signaling pathways in H1975 cells,
harboring EGFR T790M and activated MET, after taxotere
treatment. Taxotere efficiently reduced phosphorylated MET
on H1975 cells, and phosphorylated STAT3 was least
reduced at the highest concentration of the drug.
Phosphorylation of other proteins including AKT and p38,
as well as c-JUN, was not affected by drug treatment.
Taxotere also induced PARP and caspase-3 cleavage and the

reduction of cyclin D3 and MCL1, indicating apoptosis and
cell-cycle arrest occurred after drug treatment, but there was
no effect on the expression of BCL-XL (Figure 1B) or
survivin (data not shown).
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Figure 2. A: The effect of taxotere (Taxo) on growth of multiple patient-derived primary lung tumor (LT) cells. Cells were treated with increasing
concentrations of taxotere for 3 days. B: Expression of phosphor-MET proto-oncogene, receptor tyrosine kinase (p-MET), phosphor-signal transducer
and activator of transcription 3 (p-STAT3), phosphor-AKT (p-AKT), and poly-ADP ribose polymerase (PARP) proteins in cells after 3 days of
treatment at the indicated concentration of taxotere.

→

Figure 3. The effect of taxotere on tumor growth in H1975 non-small-
cell lung carcinoma cell xenografts. A: Mice inoculated with H1975
cells were treated intravenously with phosphate-buffered saline
(untreated) or 10 mg/kg taxotere (treated) five times once every 5 days.
Tumor volume was calculated using the formula for an ellipsoid sphere.
Independent xenograft experiments were performed three times. B:
Average tumor size of treated and untreated groups. ***Significantly
different at p<0.001. C: Tumors at the end point of the experiment are
presented. D: Body weights of mice were measured to monitor the side-
effects of the drug. E: Expression of proteins, phosphor-MET proto-
oncogene, receptor tyrosine kinase (p-MET), phosphor-signal
transducer and activator of transcription 3 (p-STAT3), phosphor-AKT
(p-AKT), poly-ADP ribose polymerase (PARP), MCL1 apoptosis
regulator, BCL2 family member (MCL1) and interleukin-6 (IL6), were
analyzed by western blotting. F: Quantification of the expression of
each protein was compared to that of β-actin expression. Significantly
different at *p<0.05, **p<0.01 and ***p<0.005.
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Taxotere reduced proliferation of lung PDCs expressing a
high level of MET. Patient-derived models have been
developed to recapitulate patient status and are beneficially
utilized for cancer research. We evaluated the effect of
taxotere on cultured lung PDCs expressing a high level of
phosphorylated MET. The primary cell growth was reduced

to more than 50% in PDCs (LT-4, LT-6, LT-7, LT-8) among
tested after 3 days of taxotere treatment (Figure 2A).
Phosphorylated MET was reduced on LT-7 and LT-8 PDCs
(Figure 2B). Taken together, these findings show taxotere
reduced tumor cell growth, partially affecting on MET
signaling.
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Figure 4. Effect of taxotere on tumor growth in mice with patient-derived xenografts (PDX). A: Mice transplanted with PDX1 tumors were treated
intravenously with phosphate-buffered saline (vehicle) or 10 mg/kg taxotere five times once every 5 days. Tumor volume was calculated using the
formula for an ellipsoid sphere. Independent xenograft experiments were performed three times. Body weights are depicted in the inset chart. B:
Average tumor size of treated and untreated groups. C: Tumors collected at the end point of the experiment. D: Expression of proteins, phosphor-
MET proto-oncogene, receptor tyrosine kinase (p-MET), phosphor-signal transducer and activator of transcription 3 (p-STAT3), were analyzed by
western blotting. ***Significantly different at p<0.005.



Taxotere reduced tumor growth of TKI-refractory NSCLC
xenograft models. The efficacy of taxotere was evaluated in
vivo using the H1975 xenograft model. Tumor growth was
dramatically affected with no significant body weight
changes (Figure 3A-D). The expression of phosphorylated
MET was reduced in remnant tumors of drug treated mice.
The reduction of PARP and cyclin D3 expression indicated
that cell death through apoptosis and cell-cycle arrest
occurred after drug treatment. The expression of
phosphorylated MET was reduced (Figure 3E and F). These
results suggest that MET signaling may also be involved in
the mechanism of tumor regression reduced by taxotere.

Taxotere reduced tumor growth of PDX model with high
expression of MET. Using PDX models that faithfully and
accurately reflects the patients’ tumors with regard to
histopathology, genetics and therapeutic response, we
evaluated the effect of taxotere on tumor growth and MET
activation in vivo. PDX1 tumors from adenocarcinoma tissue

that expressed phosphorylated MET were shrunken to
approximately 40% after treatment with taxotere (Figure 4A-
C). Reduction of tumor size was accompanied by reduced
expression of proteins on phosphor-MET, phosphor-STAT3
and IL6, implicating the role of these proteins in tumor
growth and the effect on the MET-–STAT3–IL6 axis (Figure
4D). The reduction of PARP, cyclin D3 and MCL1
expression was also detected on drug-treated tumors,
indicating apoptosis and cell-cycle arrest. Taxotere treatment
also reduced tumor growth to less than 50% of PDX2 tumors
from lung adenocarcinoma tissue compared to untreated
tumors (Figure 5A and B). The expression of phosphor-MET
and phosphor–STAT3 proteins were decreased in tumors
treated with taxotere (Figure 5C). These results support the
notion that taxotere suppressed tumor growth through
inhibiting MET signaling pathways. 

MET inhibitor compensated taxotere effect in NSCLC cell
growth. Since taxotere reduced the level of phosphorylated

Mun et al: Taxotere Interrupts MET Signaling

115

Figure 5. Effect of taxotere on tumor growth in patient-derived xenografts (PDX) in mice. A: Mice transplanted with PDX2 tumors were treated
intravenously with phosphate-buffered saline (vehicle), 2 or 10 mg/kg taxotere five times once every 5 days. Tumor volume was calculated using
the formula for an ellipsoid sphere. Independent xenograft experiments were performed three times. ***Significantly different at p=0.009. B: The
tumors from phosphate-buffered saline (untreated) or taxotere (treated) mice are presented. C: Expression of MET proto-oncogene, receptor tyrosine
kinase (MET) and signal transducer and activator of transcription 3 (STAT3), glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were analyzed
by western blotting. 
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Figure 6. The effect of taxotere (Taxo) and MET proto-oncogene, receptor tyrosine kinase (MET) inhibitor crizotinb (Criz) on growth. A: Cell
proliferation of H1975 was determined under different treament with combinations of increasing concentrations of taxotere and crizotinb for 3 days.
B: Cell growth-inhibitory effects on patient-derived cancer cells.



MET in H1975 in vitro as well as in vivo treatments, we
evaluated the additive/synergistic effect of taxotere with MET
inhibitor crizotinib on tumor cell growth. Combinational
treatment of 1 nM taxotere and 1 μM crizotinib dramatically
reduced cell growth to less than 20%, and 0.5 nM taxotere and
1 μM crizotinib decreased cell proliferation to approximately
50% (Figure 6A) in H1975 cells, implicating that the role of
MET signaling pathway in the cell growth. Three days of co-
treatment of 1 nM taxotere with 1 μM crizotinib reduced cell
growth to 30 to 40% in PDCs (Figure 6B). Phosphorylated
MET expression was barely detected, but the level of cleaved
PARP was increased in H1975 cells treated with taxotere or
taxotere plus crizotinib (Figure 7A). Co-treatment of taxotere
and crizotinib for 24 h synergistically resulted in reduction of
IL6 and C-C motif chemokine ligand 26 (CCL26) expression,
and the expression of IL8 was reduced on taxotere treatment
(Figure 7B) in semi-quantitative RT-PCR assay. These results
together imply that taxotere would be a candidate
chemotherapeutic for EGFR inhibitor-refractory cells through
halting MET signaling. 

Discussion

Precision cancer medicine akin to targeted therapeutics is the
most desired treatment for patients with cancer, including those
with lung cancer (1, 18, 19). One of the obstacles to pursuing
targeted therapy is the development of acquired resistance to
drugs. To combat resistance and improve the therapeutic effect,
combinational clinical trials are attempted using targeted agents
plus traditional chemotherapeutics. In this study, we evaluated
taxotere efficiency in inhibiting tumor growth of cells
exhibiting resistance to EGFR inhibitor or expressing activated
MET. Its efficacy was verified on multiple models, especially

on PDCs and PDXs. We also showed that combinational
treatment of taxotere and MET inhibitor provided an additive
inhibitory effect on tumor growth, implicating the possibility
to lessen the side-effects of chemotherapeutics by allowing
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Figure 7. The effect of taxotere and MET inhibitor crizotinb on H1975
cells. A: Expression of proteins, phosphor-MET proto-oncogene,
receptor tyrosine kinase (MET), phosphor-signal transducer and
activator of transcription 3 (p-STAT3), poly-ADP ribose polymerase
(PARP), in H1975 non-small cell lung cancer cells were evaluated after
3 days of treatment with taxotere with and without crizotinib. B:
Chemokines/cytokines, interleukin-6 (IL6), C-C motif chemokine ligand
2 (monocyte chemoattractant protein 1, MCP1), intercellular adhesion
molecule 1 (ICAM1), C-X3-C motif chemokine ligand (CX3CL1), C-C
motif chemokine ligand 26 (CCL26) and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) affected by taxotere and crizotinib were
confirmed by reverse transcription polymerase chain reaction analysis. 

Table II. Patients’ tumor information established as patient-derived cancer cells (LT) or patient-derived xenograft (PDX).

No.                               Gender                     Age, years                                   Histological diagnosis                                         Differentiation

LT-01                                 F                                59                                        Sarcomatoid carcinoma                                                   -
LT-02                                 F                                61                                              Adenocarcinoma                                    Moderately differentiated
LT-03                                M                                72                                        Sarcomatoid carcinoma                                                   -
LT-04                                M                                71                                      Squamous cell carcinoma                             Moderately differentiated
LT-05                                 F                                60                                              Adenocarcinoma                                    Moderately differentiated
LT-06                                M                                54                                      Squamous cell carcinoma                             Moderately differentiated
LT-07                                M                                58                                              Adenocarcinoma                                    Moderately differentiated
LT-08                                 F                                60                                              Adenocarcinoma                                    Moderately differentiated
LT-09                                 F                                72                                              Adenocarcinoma                                    Moderately differentiated
LT-11                                M                                58                                              Adenocarcinoma                                        Poorly differentiated
LT-12                                M                                65                                      Squamous cell carcinoma                             Moderately differentiated
LT-13                                M                                46                                              Adenocarcinoma                                    Moderately differentiated
PDX1                               M                                72                                              Adenocarcinoma                                        Poorly differentiated
PDX2                                F                                66                                              Adenocarcinoma                                        Poorly differentiated

F: Female; M: male.



dose reduction. Additionally, the decrease in expressions of
IL6, IL8 and CCL2 were discovered, coincidently with cell
proliferation or tumor shrinking, suggesting their involvement
of tumor microenvironment.

The amplification of MET is reported as one of resistance
mechanism to EGFR inhibitors in lung cancer patients.
Osimertinib (Tagrisso) targeting T790M secondary mutation at
EGFR, has been approved as first-line treatment for advanced
NSCLC in 2015 (20). However, increasing evidence has also
revealed acquired resistance to this drug as a growing clinical
challenge that is poorly understood. Strategies to overcome
diverse resistance to targeted drugs are urgently required, and
combination treatment and re-evaluation of standard
chemotherapeutics may be solutions. When the efficiency of
combinational treatments was explored with EGFR inhibitor,
cetuximab or panitumumab, and chemotherapeutics, such as
cisplatin or docetaxel in NSCLC cells, including H1975,
augmented tumor regression was noted (13, 21).

The contributions of chemokines and cytokines to
tumorigenesis are not fully understood, although they have
emerged as relevant molecules in shaping the tumor
microenvironment (22). The regulation of IL6 and IL8 through
STAT1/3 has been investigated and is interconnected with other
signaling network such as a mitogen-activated protein kinase,
phosphatidylinositol 3-kinase and nuclear factor kappa-light-
chain-enhancer of activated B-cells pathways. Taken together,
it would be worth to elucidate the role of MET signaling in the
tumor microenvironment and in progression, especially in
regulation of chemokine/cytokine expression, upon treatment
with cancer therapeutics. As a promising adjuvant candidate in
targeting against MET signaling, further investigation should
elucidate the detailed mechanism in terms of the immune
microenvironment.
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