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Abstract. The association between the expression of excision 
repair cross-complementing gene 1 (ERCC1), thymidylate 
synthase (TYMS), ribonuleotide reductase M1 (RRM1), 
βIII-tubulin (TUBB3), non-muscle myosin II, myoglobin 
and MyoD1 in metastatic lung adenocarcinoma, and clinical 
outcomes with platinum-based chemotherapy treatment 
is not well-established. Recently, increasing attention has 
been focused on the involvement of ERCC1, TYMS, RRM1 
and TUBB3 in the development of drug resistance. There 
has been less research into the role of muscle myosin II, 
myoglobin and MyoD1 in the pathogenesis of lung cancer, 
although these genes are known to have important functions 
within tumor cells. In the current study, malignant pleural 
effusion from 116 patients with untreated lung adenocar-
cinoma diagnosed between 2011 and 2012, were collected. 
The protein expression levels of ERCC1, TYMS, RRM1 
and TUBB3 were evaluated with immunocytochemistry and 
western blot analysis. The expression levels of non-muscle 
myosin II, myoglobin and MyoD1 were measured in a subset 
of 50 patients, treated with platinum-based chemotherapy. 
The association of each of these seven factors with one 
another, as well as with patient survival were analyzed. 
Immunohistochemistry demonstrated that the percentage 
of pleural fluid samples from patients with lung adenocar-
cinoma expressing ERCC1, TYMS, RRM1 and TUBB3 was 

37, 36.2, 82.7 and 69.8%, respectively. In the subset of 50 
patients in whom the remaining factors were analyzed, the 
percentage expressing non-muscle myosin II was 48%, for 
myoglobin the figure was 40% and for MyoD1 it was 38%. 
There was a positive correlation between each pair of the 
above seven molecules with the exception of TYMS and 
RRM1. Expression of ERCC1, TYMS, TUBB3, non-muscle 
myosin II, myoglobin and MyoD1 genes was associated 
with decreased survival in patients with metastatic lung 
adenocarcinoma. Expression of ERCC1, TYMS, TUBB3, 
non-muscle myosin II, myoglobin and MyoD1 was also 
associated with decreased survival rates of patients with 
lung adenocarcinoma treated with platinum-based chemo-
therapy. These factors may be used as clinical biomarkers 
to predict the biological behavior and chemoresistance of 
tumor cells, and the survival of patients with lung carcinoma.

Introduction

Carcinoma of the lung is responsible for the highest rate of 
cancer-related mortality. The majority of these fatalities (84%) 
are caused by non-small cell lung cancer (NSCLC) (1). Over 
half of the cases of NSCLC have detectable distant metas-
tasis at the time of diagnosis, including 16% with pleural 
metastasis. They are thus classified as stage ⅢB or Ⅳ (2,3). 
Platinum-based chemotherapy is the treatment of choice for 
advanced and metastatic NSCLC. Although novel chemo-
therapeutic agents continue to emerge, the development of 
chemoresistance remains a significant problem (4). A number 
of mechanisms lead to chemoresistance; it has been shown that 
altered expression of even a single gene can result in cancer 
cell resistance to particular drugs (5). Recent studies have 
highlighted four genes involved in drug-resistance in NSCLC: 
Excision repair cross-complementing gene 1 (ERCC1); 
thymidylate synthase (TYMS); ribonucleotide reductase M1 
(RRM1); and βIII-tubulin (TUBB3) (6). These molecules are 
important in DNA repair, and cell replication and division.
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ERCC1 is a key member of the nucleotide repair exonu-
clease family. The ERCC1 protein forms a heterodimer with 
XPF (ERCC4) and acts as a 5'-endonuclease to excise the 
lesion as well as nucleotides surrounding the damaged site, a 
process termed nucleotide excision repair (NER). ERCC1 is the 
rate-limiting enzyme in NER (7). A recent study in NSCLC 
cell lines showed that elevated DNA repair capacity, as a result 
of enhanced ERCC1 expression, induced drug resistance (8). 
Immunohistochemical studies have shown that in patients with 
NSCLC, only those individuals with ERCC1-negative tumors 
benefit from cisplatin‑based chemotherapy (9,10). TYMS is a 
rate-limiting enzyme in thymidylate synthesis and dTMP is a 
required precursor for nucleic acid synthesis (11). Pemetrexed is 
an antifolate agent that predominantly targets TYMS. Treatment 
with pemetrexed leads to thymidine and purine deficiency, 
thereby inhibiting DNA synthesis, cell replication and tumor 
growth. A number of studies have demonstrated that overexpres-
sion of TYMS correlates with resistance to pemetrexed (12,13). 
RR is comprised of two regulatory subunits of RRM1 and two 
catalytic subunits of RRM2. RR is a rate-limiting enzyme 
for DNA synthesis and is the only enzyme that reduces ribo-
nucleotides into deoxyribonucleotides. It is thus required for 
DNA synthesis and repair (14). Vilmar et al (15) showed that 
patients with RRM1-negative advanced NSCLC who were 
treated with cisplatin and vinorelbine, exhibited an improve-
ment in disease control, longer progression-free survival (PFS) 
and longer overall survival (OS). Tubulin is a key constituent 
of the cytoskeleton, which participates in cell movement, intra-
cellular transportation and cell mitosis. β-tubulin is the target 
of tubulin-binding agents. These therapies inhibit mitosis by 
interfering with mitotic spindle formation and are effective in 
treating a number of types of tumor. The most commonly used 
anti-microtubule drugs are paclitaxel, docetaxel and vincristine. 
Taxol promotes microtubule polymerization and increases the 
stability of polymerized microtubules. The persistent presence 
of microtubules during cell division induces apoptosis. TUBB3 
is primarily expressed in the central and peripheral nervous 
system and is strongly expressed during embryonic develop-
ment (16). Expression of TUBB3 in NSCLC has been associated 
with drug resistance to tubulin-binding agents (17).

Myosin Ⅱ is multifunctional, it has been identified in 
muscle and non‑muscle cells. Within muscle cells, myosin Ⅱ 
provides the driving force for muscle contraction, whereas 
in non-muscle cells, it is an integral component of the 
cytoskeleton, participating in cell movement, cytoplasmic 
flow, organelle movement and mitosis. A recent study 
demonstrated that myosin Ⅱ is involved in lysophosphatidic 
acid (LAP)-mediated breast cancer cell migration and inva-
sion (18). Myoglobin is an oxygen-carrying globin, which is 
primarily distributed in skeletal muscle cells and cardio-
myocytes. Myoglobin reversibly binds to and releases oxygen, 
thereby promoting oxygen diffusion from cytoplasm to mito-
chondria (19). Flonta et al (20) identified myoglobin expression 
in a variety of epithelial tumors, including lung carcinoma. 
However, no expression was detected in corresponding healthy 
tissues. Myoglobin has been proposed to be important for 
tumor survival in hypoxia, tumor cell metabolism and tumor 
growth. MyoDl is a transcription factor, which is a member of 
the myogenic determination family, MyoD. In breast cancer 
cells, MyoD binds to the E-box on the BRCA1 promoter and 

activates its transcription by inducing histone acetylation (21). 
During embryonic development, MyoD1 binds to the DNA 
E-box of stem cells, to induce myogenic differentiation (22). 
In routine pathological practice, MyoDl is primarily used as a 
marker for rhabdomyosarcoma. 

In the current study, the expression of ERCC1, TYMS, 
RRM1, TUBB3, myosin Ⅱ, myoglobin and MyoD1 in pleural 
effusions from patients with lung adenocarcinoma was evalu-
ated and the correlation between expression of these factors 
was analyzed. Clinical follow-up was conducted in a subset 
of patients following platinum-based chemotherapy and the 
association between survival and protein expression was also 
investigated. The study aimed to provide novel insights into 
the molecular pathology of lung adenocarcinoma.

Materials and methods

Patient recruitment and cytological sample collection. 
Pleural fluid from 116 patients with untreated metastatic lung 
adenocarcinoma was collected between January 2011 and July 
2012 at the China Medical University First Affiliated Hospital 
(Shenyang, China). Diagnoses were made cytologically. This 
procedure included the preliminary diagnosis of suspicious 
tumor cells by microscopy, and the subsequent hematoxylin 
and eosin staining and immunocytochemical staining of 
epithelial tumor markers, in order to make a comprehensive 
assessment. Cytological samples from 20 patients with inflam-
mation-induced pleural effusions were collected as the control 
group. The 116 patients with malignant pleural effusions were 
comprised of 47 males and 69 females, with a mean age of 
57 years (range, 26-87 years). Clinical follow-up data were 
available in 48 patients with metastatic lung adenocarcinoma, 
treated with platinum-based chemotherapy. The follow-up 
periods varied between 15 and 28 months (until patients 
succumbed to disease or 30th April, 2013).

This study was approved by the ethics committee of China 
Medical University (Shenyang, China).

ThinPrep® cytology test (TCT) and cell block preparation. 
Freshly collected pleural effusions (25 ml) were centrifuged 
at 670 x g, at room temperature for 5 min. Supernatants were 
discarded, and pellets were washed and centrifuged again at 
670 x g for 5 min. Pellets were mixed with preservation solu-
tion (Hologic, Inc., Bedford, Massachusetts, USA). ThinPrep 
slides were made automatically by Thinprep 5000 (Product 
Insight Inc., Acton, MA, USA).

For cell block preparation, 200 ml freshly collected 
pleural effusion was centrifuged at 670 x g at room tempera-
ture for 5 min. Pellets were fixed in 95% ethanol for 12 h, 
embedded in paraffin, sectioned (5 µm) and stained with 
hematoxylin and eosin (HE). The slides were visualized 
under a microscope (Nikon 80i; Nikon Corporation, Tokyo, 
Japan) and further observed by transmission electron micros-
copy (JEM-1400; JEOL Ltd., Tokyo, Japan).

Immunocytochemical stains. Immunocytochemical analysis 
was performed according to the manufacturer's instruc-
tions for EnVision (Maixin Biotech Co., Ltd., Fuzhou, 
China). Table I shows the details of the primary antibodies 
used. Paraffinized slides were placed into an oven at 60˚C 
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for 120 min. Slides were then placed into xylene solution 
in order to remove paraffin and then into a graded ethanol 
series in order to remove the xylene. Slides were then rinsed 
in distilled water. Following deparaffinization and rehydra-
tion, the antigens were retrieved for 30 min at 100˚C using 
Tris/Borate/EDTA cell-conditioning solution (Maixin 
Biotech Co., Ltd.). Primary antibodies were incubated sepa-
rately for 60 min at room temperature, followed by incubation 
with either mouse or rabbit polymers (ZSGB-BIO Co., Ltd., 
Beijing, China) for 30 min. Visualization was facilitated with 
enhanced diaminobenzidine chromagen (Maixin Biotech 
Co., Ltd.). Slides were counterstained with hematoxylin. 
Appropriate positive and negative controls were used to 
evaluate the human tissue samples, according to the manu-
facturer's instructions. Phosphate-buffered saline was used 
as the negative control.

Dark brown staining observed in either the cytoplasm or 
nuclei of cells was counted as a positive result. The average 
percentage of positive cells in five randomly‑selected high 
power fields (x200) was calculated using a microscope 
(Nikon 80i, Nikon Corporation, Tokyo, Japan). Samples with 
>5% positive cells were regarded as positive for that stain. 
The immunocytochemical stains were evaluated by three 
attending cytopathologists, and the results shown are an 
average of the scores obtained by these individuals.

Western blot analysis. Pleural effusions were collected and 
stored at -70˚C in a freezer. Total protein was extracted 
from cells in the effusion and the protein concentration was 
measured using a Bradford Protein Assay kit (Beyotime 
Institute of Biotechnology, Haimen, China) which is based 
on the absorbance of Coomassie Brilliant Blue G-250. The 
colorimetric absorbance of the samples was measured at 
465-595 nm on an Enzyme Standard instrument (MK3; 
Thermo Fisher Scientific, Bedford, MA, USA). Following 

separation by electrophoresis on SDS-PAGE gels, protein was 
transferred to polyvinylidine fluoride membranes (Beyotime 
Institute of Biotechnology). Membranes were blocked with 
5% non-fat milk for 2 h at room temperature and incubated 
with primary antibody (Table I) separately at 4˚C overnight. 
Following washing in Tris-buffered saline with Tween-20 
(Beyotime Institute of Biotechnology), membranes were 
incubated with goat anti-mouse polyclonal horseradish 
peroxidase-conjugated secondary antibodies (ZSGB-BIO. 
Co., Ltd.), at room temperature for 2 h. Membranes were 
developed using Thermo chemiluminescent substrate kits 
(Thermo Fisher Scientific). β-actin was used as an internal 
control. Protein expression was quantified using a gel 
imaging analysis system (Systems BioImaging Lab, Santa 
Barbara, CA, USA).

Statistical analysis. Statistical data analysis was performed 
using SPSS17.0 statistical software (SPSS Inc., Chicago, 
IL, USA). The association between gene expression and 
clinical characteristics was analyzed using χ2 test or Fisher's 
exact test. The correlation between different chemoresis-
tance factors was analyzed using Spearman's correlation 
coefficients. The Kaplan‑Meier method and the Log‑rank 
test were performed to analyze the relationship between 
patient survival and expression of the proteins investigated. 
Multivariate Cox regression analysis was used to analyze the 
correlation between age, gender and survival. P﹤0.05 was 
considered to indicate a statistically significant difference.

Results

Pleural ef fusion cytology and immunocytochemistry. 
Diagnosis of metastatic lung adenocarcinoma was made 
cytologically from pleural fluid samples and confirmed by 
positive TTF-1 and CK7 staining in cell blocks (Fig. 1).

Table I. Primary antibodies used for immunohistochemistry and western blot analysis.

 Dilution
 ------------------------------------------------
   Western
Antibody Host ICC blot Source Catalog no.

Cytokeratin 7 Mouse monoclonal 1:100 - Santa Cruz sc-23876
TTF-1 Rabbit polyclonal 1:100 - Santa Cruz sc-13040
Vimentin Mouse monoclonal 1:100 - Santa Cruz sc-53464
ERCC1 Mouse monoclonal 1:50 1:500 Abcam ab113941
TYMS Rabbit polyclonal 1:50 1:500 Abcam ab155795
TUBB3 Rabbit monoclonal 1:50 1:500 Abcam ab52901
RRM1 Mouse monoclonal 1:50 1:500 Abcam ab157250
Nonmuscle Rabbit polyclonal 1:50 1:500 Abcam ab24762
Myosin IIA
Myoglobin Mouse monoclonal 1:50 1:500 Abcam ab47702
MyoD1 Mouse monoclonal 1:50 1:500 Abcam ab16148

ICC, immunocytochemistry; Santa Cruz, Santa Cruz Biotechnology, Inc., Dallas, TX, USA; Abcam, Abcam, Cambridge, UK; TTF-1, thyroid 
transcription factor 1; ERCC1, excision repair cross-complementing gene 1; TYMS, thymidilate synthase; TUBB3, βIII-tubulin; RRM1, ribo-
nucleotide reductase M1.
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Protein expression of drug resistance‑related factors. 
The expression of ERCC1, TYMS, RRM1, TUBB3 and 
vimentin was evaluated in the 116 samples from patients 
with metastatic lung adenocarcinoma (Fig. 1). The positive 
rate for ERCC1 was 37%, with positive staining observed 
in the nuclei. The positive rate for TYMS was 36.2%, with 
positive staining observed in the nuclei and cytoplasm. 
Positive rates for RRM1 and TUBB3 were 82.7 and 69.8%, 
respectively, and positive staining was observed in the 
cytoplasm. The positive rate for vimentin was 83.6%, with 
positive staining observed in the cytoplasm. In the subset 
of 50 patients with clinical follow-up who were treated 
with platinum-based chemotherapy, the expression of 
myosin II, myoglobin, and MyoD1 were also found to be 
upregulated (Fig. 1). The positive rate for myosin II was 
48%, with cytoplasmic staining observed. The positive rate  
for myoglobin was 40%, with cytoplasmic staining observed. 
The positive rate for MyoD1 was 38%, with nuclear staining 
observed.

The protein expression levels of ERCC1, TYMS, TUBB3, 
non-muscle myosin II, myoglobin and MyoD1 were also 

measured by western blot analysis. These proteins were not 
measurable in the inflammation‑induced pleural fluids from 
the control group. However, they were all detectable in the 
pleural effusions from patients with metastatic lung adeno-
carcinoma (Fig. 2). 

Correlation between drug resistance‑related factor expres‑
sion. In the 116 samples of pleural fluid from patients with 
metastatic lung adenocarcinomas there was a significant 
positive correlation between the expression of ERCC and 
TYMS (r=0.54, P=0.000), between RRM1 and TUBB3 
(r=0.45, P=0.000), between ERCC1 and TUBB3 (r=0.35, 
P=0.000), between ERCC1 and RRM1 (r=0.26, P=0.006), 
and between TYMS and TUBB3 (r=0.22, P=0.017). The 
correlation between the expression of TYMS and RRM1 was 
not statistically significant, (r=0.06, P=0.530; Table II).

In the subset of 50 cases treated with platinum-based 
chemotherapy who received clinical follow‑up, significantly 
positive correlations were identified between the expression of 
myoglobin and MyoD1 (r=0.96, P=0.000), between myosin II 
and MyoD1 (r=0.81, P=0.000), and between myosin II and 
myoglobin (r=0.77, P=0.000; Table III). Expression of these 
three factors was also positively correlated with the expres-
sion of ERCC1, TYMS, RRM1 and TUBB3 (Table IV). 

Association between protein expression and survival. Two out 
of 50 patients were lost to clinical follow-up. Kaplan-Meier 
survival analysis was performed in the remaining 48 cases. 
Patients with an undetectable expression of ERCC1, TYMS, 
and TUBB3 had a longer survival time compared with patients 
with a positive expression of these proteins (10.3 months and 
7.4 months, P=0.000; 10.6 months and 7.3 months, P=0.000; 
and 11.6 months and 8.5 months, P=0.001, respectively). 
Negative correlations were also observed between the expres-
sion of myosin II, myoglobin, and MyoD1 and survival. Positive 
expression was related to a worse prognosis (10.3 months 
compared with 7.6 months, P=0.008; 10.6 months compared 
with 7.3 months, P=0.000; and 10.6 months compared with 
7.3 months, P=0.000, respectively; Fig. 3). The expression of 

Figure 1. (A) ThinPrep cytology test of malignant pleural fluid (Papanicolaou, x400). (B) Cell block sections of cases of lung adenocarcinoma (hematoxylin 
and eosin staining; x400). (C) Immunocytochemistry tests CK7 (x400). (D) Thyroid transcription factor 1 was used to further detect the cells from malignant 
pleural fluid (x400). (E) Expression of ERCC1 (x400) in lung adenocarcinoma cells from malignant effusion. (F) Expression of TYMS (x400) in lung adeno-
carcinoma cells from malignant effusion. (G) Expression of vimentin (x400) in lung adenocarcinoma cells from malignant effusion. (H) Expression of MyoD1 
(x400) in lung adenocarcinoma cells from malignant effusion. CK7, cytokeratin 7; ERCC1, excision repair cross-complementing gene 1; TYMS, thymidylate 
synthase.

Figure 2. Expression of ERCC1, TYMS, RRM1, TUBB3, vimentin, 
myosin II, myoglobin and MyoD1 in cells from pleural fluid was analyzed 
by western blotting. Sample 1 contained cells from reactive inflammatory 
cell pleural effusions. Sample 2 contained cells from malignant pleural 
effusions in patients with a diagnosis of lung adenocarcinoma. β‑actin 
was used as a control. ERCC1, excision repair cross-complementing gene 
1; TYMS, thymidylate synthase; RRM1, ribonucleotide reductase M1; 
TUBB3, βIII-tubulin.
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RRM1 showed no correlation with survival time (P=0.158). 
Survival was not associated with age or gender (P=0.517 and 
P=0.592, respectively).

Discussion

Chemotherapy is the treatment of choice for advanced or meta-
static NSCLC. According to the recent non-small cell lung 
cancer treatment guideline from the National Comprehensive 
Cancer Network website (NCCN, Fort Washington, 

PA, USA, 2011),  cisplat in or  ca rboplat in-based  
chemotherapy remains the first-line treatment for stan-
dard chemotherapy. The combination of a platinum-based 
drug with another drug, constitutes an effective treatment 
protocol (23). However, the development of drug resistance 
has become a significant problem. A change in the expression 
of a resistance protein may induce resistance towards one or 
more drugs. Platinum interacts with DNA to form Pt-DNA 
adducts, resulting in DNA cross-linking or chain cross-linking 
and the formation of an abnormal DNA double helix, thereby 

Table II. Correlation between expression of ERCC1, TYMS, RRM1 and TUBB3.

A, Presence of ERCC1 in relation to that of TYMS, TUBB3 and RRM1.

 ERCC1 + ERCC1 - Total r P-value

TYMS
  + 30 12 42 0.54 0.000
  − 13 61 74
Total 43 73 116  
TUBB3
  + 39 42 81 0.35 0.000
  − 4 31 35
Total 43 73 116  
RRM1
  + 41 55 96 0.25 0.006
  − 2 18 20
Total 43 73 116  

B, Presence of RRM1 in relation to that of TUBB3.

 RRM1 + RRM1 - Total r P

TUBB3
  + 76 5 81 0.45 0.000
  − 20 15 35
Total 96 20 116  

C, Presence of TYMS in relation to that of TUBB3 and RRM1.

  TYMS + TYMS - Total r P

TUBB3
  + 35 46 81 0.22 0.017
  − 7 28 35
Total 42 74 116  
RRM1
  + 36 60 96 0.06 0.530
  − 6 14 20
Total 42 74 116  

ERCC1, excision repair cross‑complementing gene 1; TYMS, thymidylate synthase; RRM1, ribobucleotide reductase M1, TUBB3, βIII‑tubulin; 
P, P-value.
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resulting in apoptosis (24). ERCC1 clears cisplatin-induced 
DNA complexes and repairs the damaged DNA, leading 
to resistance to platinum-based therapies (25). Amongst 
patients with NSCLC treated with platinum-based chemo-
therapy, ERCC1-negative individuals exhibit a longer PFS 
than ERCC1-positive individuals (26,27). The present study 
confirmed these observations, demonstrating a poor prognosis 
in patients with lung adenocarcinoma who expressed ERCC1 
in tumor cells from pleural effusions. TYMS is a key enzyme 
in DNA synthesis, affecting the efficacy of drugs that target 
this process. Shimizu et al (28) showed that the level of expres-
sion of TYMS mRNA affected pemetrexed treatment efficacy. 
For patients with NSCLC receiving pemetrexed treatment, 
TYMS is a molecular marker, which predicts treatment effect. 
RRM1, like ERCC1 and TYMS, is important in DNA synthesis 
and repair. An association between its overexpression and 
gemcitabine resistance has previously been reported (29). In a 
meta-analysis, Gonga et al (30) showed that amongst patients 
with late-stage NSCLC receiving a gemcitabine chemotherapy 
regimen, a low or negative level of expression of RRM1 was 
associated with a higher rate of drug response, longer survival 
and time to progression. In healthy adult tissues, TUBB3 distri-
bution is primarily limited to nervous system tissues. However, 
a number of studies have demonstrated TUBB3 expression in 
non-neurogenic solid tumors, such as breast cancer, ovarian 
cancer and colon cancer (31-35). The expression of TUBB3 
in tumor cells may represent a 'dedifferentiation', indicating a 
greater malignant and metastatic capacity (36). High expres-
sion levels of TUBB3 in NSCLC, breast cancer, ovarian cancer 
and metastatic carcinoma have been reported to be associated 
with a lower sensitivity to vinblastine and paclitaxel, as well 
as lower survival rates (31-34,37). The present results indicate 

increased expression of ERCC1, RRM1, TYMS and TUBB3 in 
pleural effusions from a subpopulation of patients with meta-
static lung adenocarcinoma. The expression of these factors 
appears to be correlated. The median survival of patients with 
detectable ERCC1, TYMS and TUBB3 expression was shorter 
than that of patients with negative expression of these proteins. 
The impact of RRM1 expression on survival was not found to 
be statistically significant.

Previous studies have shown that epithelial-mesenchymal 
transition (EMT) is important in tumor invasion, metastasis, 
the acquisition of stem cell-like characteristics and the develop-
ment of drug resistance (38). Studies have demonstrated that 
gemcitabine-resistant pancreatic cancer cells undergo EMT via 
activation of the Notch signaling pathway. The transitioned cells 
exhibited decreased expression of E-cadherin and β-catentin, 
and increased expression of ZEB1, Snail and vimentin. They also 
displayed morphological alterations (39). An oxaliplatin-resis-
tant colorectal cancer cell line developed a phenotype akin 
to that of mesenchymal cells, with long spindle-shaped cells, 
loss of polarity, loss of cell cohesiveness, increased metastasis 
and invasion, and changes in molecular markers (40). Similar 
changes have also been reported in paclitaxel-resistant ovarian 
cancer cell lines (41). Snail has been reported to enhance ERCC1 
expression. It thus contributes to cisplatin resistance (42). The 
association between other drug-resistance genes and EMT 
is largely unknown. The present study measured myoglobin, 
myosin II and MyoD1 protein expression in 50 randomly-selected 
patients. Kocaefe et al (43) found that following MyoD1 trans-
fection into umbilical cord blood mesenchymal stem cells, the 
stem cells displayed certain functional proteins characteristic 
of muscle cells, such as desmin, myosin and myoglobin. The 
results from the present study demonstrated the expression of 

Table III. Correlation between expression of myosin II, myoglobin and MyoD1 (50 samples).

A, Presence of myosin II in relation to that of myoglobin anf MyoD1.

 Myosin II + Myosin II - Total r P-value

Myoglobin
  + 19 1 20 0.77 0.000
  − 5 25 30
Total 24 26 50
MyoD1
  + 19 0 19 0.81 0.000
  − 5 26 31
Total 24 26 50

B, Presence of myoglobin in relation to that of MyoD1.

 Myoglobin + Myoglobin - Total r P-value

MyoD1
  + 19 0 19 0.96 0.000
  − 1 30 31
Total 20 30 50
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Figure 3. Kaplan-Meier analysis of the correlation between ERCC1, TYMS, TUBB3, Myosin II, Myoglobin, MyoD1 expression and patient survival. ERCC1, 
excision repair cross-complementing gene 1; TYMS, thymidylate synthase, TUBB3, βIII-tubulin.
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Table IV. Correlation between expression of seven proteins (50 Samples).

A, Presence of myosin in relation to that of ERCC1, TYMS, TUBB3 and RRM1.

 Myosin + Myosin - r P-value

ERCC1
  + 20 1 0.8 0.000
  − 4 25
TYMS
  + 18 4 0.6 0.000
  − 6 22
TUBB3
  + 21 13 0.4 0.004
  − 3 13
RRM1
  + 24 17 0.45 0.001
  − 0 9

B, Presence of myoglobin in relation to that of ERCC1, TYMS, TUBB3 and RRM1.

 Myglobin + Myoglobin - r P-value

ERCC1
  + 18 3 0.79 0.000
  − 2 27
TYMS
  + 18 4 0.76 0.000
  − 2 26
TUBB3
  + 20 14 0.56 0.000
  − 0 16
RRM1
  + 20 21 0.38 0.006
  − 0 9

C, Presence of MyoD1 in relation to that of ERCC1, TYMS, TUBB3 and RRM1.

 MyoD1 + MyoD1 − r P‑value

ERCC1
  + 17 4 0.75 0.000
  − 2 27
TYMS
  + 18 4 0.80 0.000
  − 1 27
TUBB3
  + 19 15 0.54 0.000
  − 0 16
RRM1
  + 19 22 0.37 0.009
  − 0 9

ERCC1, excision repair cross‑complementing gene 1; TYMS, thymidylate synthase; TUBB3, βIII‑tubulin; RRM1, ribonucleotide reductase M1.
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myoglobin, myosin II and MyoD1 in lung adenocarcinoma 
cells obtained from pleural effusions. The expression of each 
of these markers was positively correlated. To the best of our 
knowledge, MyoD1 expression in lung cancer has not been 
previously reported in the literature. Giarnieri et al (44) found 
that when lung adenocarcinoma in pleural effusions underwent 
EMT, the tumor cells lost expression of E-cadherin and exhib-
ited enhanced expression of N-cadherin. In the current study, 
cancer cells expressed not only the epithelial marker, CK7, but 
also the mesenchymal marker, vimentin, in 83.6% of cases. One 
explanation for the increased expression of myglobin, myosin II 
and MyoD1, is that these proteins are by-products of adenocar-
cinoma cells undergoing the EMT process. Tumor cells may 
acquire certain mesenchymal characteristics and upregulate the 
expression of MyoD1, followed by the expression of myoglobin 
and myosin II. Furthermore, increased expression of myosin II 
may also be a response to an increase in cytoskeletal activity. 
The cytoskeleton is important in maintaining cell morphology, 
intracellular transportation and cellular motility. The present 
results showed increased cytoskeletal components, TUBB3 and 
myosin II, in pleural fluid samples from certain patients with 
metastatic lung adenocarcinoma. These are key components of 
microtubules and actin filaments, respectively. Such changes 
may enhance the metastatic capability of late-stage tumor cells. 
In the present study TCT and HE slides were produced, and 
visualized under an electron microscope. Increased myosin 
II protein expression levels were shown to be associated with 
fibrous components in the cytoplasm, with a reticular pattern. 
The fibrous net may form a mechanical barrier against chemo-
therapy drugs, thereby facilitating the development of drug 
resistance. 

The present study also showed that expression of the 
myoglobin, myosin II and MyoD1 proteins was positively 
correlated with the expression of four known drug-resistance 
genes. Snail, a key regulator of the EMT process, is known 
to increase ERCC1 expression. The current results further 
suggest the importance of EMT in the malignant transforma-
tion of tumor cells. Oleksiewicz et al (45) observed myoglobin 
expression in primary lung adenocarcinoma. Individuals 
with a higher expression level had a shorter average survival 
time, which may have been associated with the increased 
anti-hypoxia capacity of the tumors. Xiong et al (46) found 
that in patients with early-stage bladder cancer, high myosin II 
expression was associated with a lower five‑year survival rate, 
as well as an increase in lymph node metastasis. The results 
from the present study also illustrated that the average survival 
time of myoglobin, myosin II and MyoD1-positive patients was 
shorter than that of negative patients. The exact mechanisms 
underlying this reduction in survival time are unknown. We 
hypothesize that this expression pattern is a common pheno-
type in all highly-malignant tumor cells and increases tumor 
cell resistance to hypoxia, nutritional deficiencies and chemo-
therapy treatment. This phenotype also enhances the invasion 
and metastasis of tumor cells, which gain certain cancer stem 
cell-like properties.

The enhanced protein expression of drug resistance genes 
increases DNA synthesis in tumor cells, accelerates tumor 
proliferation, promotes tumor cell invasion and metastasis, 
and induces resistance to drugs targeting these molecules. 
Sensitivity to standard chemotherapy varies significantly 

among individuals, even those with the same pathological type 
and stage of tumors. In recent years the concept of individual-
ized medicine has been proposed. The current data showed 
drug resistance protein expression in samples of pleural fluid 
from subsets of patients with metastatic lung adenocarcinoma. 
The expression of these proteins was correlated with one 
another and the overall survival in patients expressing drug 
resistance factors was lower than that in patients in whom 
these factors were undetectable. The collection of pleural 
fluid is a technically simple method for obtaining tumor cells. 
Immunocytochemical analysis of drug resistance gene protein 
expression is a rapid and convenient approach to analyze 
the expression of these drug resistance genes. The results of 
immunocytochemical analyses may provide a reliable basis 
for the choice of individualized chemotherapy protocols, thus 
improving prognosis and potentially reducing treatment costs.
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