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Abstract. Copper transporter family proteins may regulate 
the chemoresistance of non‑small cell lung cancer (NSCLC) 
to platinum‑based anticancer drugs. The present study aimed 
to investigate the expression of these proteins in lung cancer 
tissue specimens for association with clinicopathological 
data and patient responses to chemotherapy and survival. 
A total of 54 patients with surgically resected NSCLC that 
received first‑line platinum‑based doublet chemotherapy were 
recruited in the present study, and the paraffin‑embedded 
pre‑treatment tumor tissue specimens were subjected to immu-
nohistochemical analysis for the expression of human copper 
transporter 1 (hCtr1) and copper‑transporting p‑type adenosine 
triphosphatase 1  (ATP7A) and 2  (ATP7B). This cohort of 
patients with NSCLC received platinum‑based chemotherapy 
subsequent to the surgical removal of tumor lesions. ATP7B 
expression was found to be significantly associated with tumor 
cell differentiation, while hCtr1 expression was significantly 
associated with improved chemotherapeutic responses. The 
median survival time was 20 months in patients possessing 
tumors with high ATP7A expression, but >66  months in 
patients possessing tumors with low ATP7A expression at the 
end of the follow‑up (P<0.001). The median survival time at 
the end of the follow‑up was 15 months in patients with low 
tumor hCtr1 expression, but >66 months in patients with high 
tumor hCtr1 expression (P<0.001). High hCtr1 and low ATP7A 
expression were each favorable prognostic factors subsequent 
to chemotherapy for patients with resected NSCLC. Multi-
variate analysis revealed that high hCtr1 expression combined 
with low ATP7A expression, good tumor differentiation and 
female gender were all favorable independent predictive and 

prognostic factors for patients with resected NSCLC following 
chemotherapy. High hCtr1  expression combined with low 
ATP7A expression was associated with an improved prognosis 
in patients with resected NSCLC that received platinum‑based 
chemotherapy. Surgery combined with neoadjuvant chemo-
therapy may improve the survival time of patients with 
NSCLC.

Introduction

Lung cancer is the most notable health problem among men 
and women worldwide, accounting for an estimated 1.6 million 
novel cases per year and ~13% of total cancer cases diagnosed 
in 2008 (1,2). At present, lung cancer remains the leading 
cause of cancer‑associated mortality in men and the second 
leading cause of cancer‑associated mortality in women (1). 
Although lung cancer consists of several histological types, 
almost 80% of patients are diagnosed with non‑small cell lung 
cancer (NSCLC). The current treatment options for NSCLC 
are determined by the stage of the disease and include surgery, 
chemotherapy and targeted therapy. However, the majority of 
patients with NSCLC are diagnosed at the advanced stage of 
disease, and curative surgery is not possible for these patients. 
In addition, survival with early stage NSCLC is also improved 
by chemotherapy following surgery (3). Chemotherapy may be 
administered alone or in combination with surgery or radiation 
therapy, and platinum‑based anti‑tumor agents, particularly 
cisplatin, have been widely used for the treatment of various 
human cancers, including NSCLC (4,5). These agents are 
initially effective in lung cancer patients, but due to the 
development of resistance and relapse in treated patients, the 
benefit of these platinum based compounds has been limited. 
Thus, the overall response rate is only 25‑30%, and the median 
survival time is 9‑11 months for patients with NSCLC (6‑8).

Molecularly, platinum‑resistance is multifaceted (9‑11). 
One mechanism of resistance is the reduction in the intra-
cellular accumulation of the drug, which occurs due to the 
impairment of drug intake, enhancement of outward transport 
or a combination of the two in tumor cells (1). Thus, additional 
understanding of the underlying mechanism of platinum 
resistance may aid in the improvement of the effectiveness of 
platinum therapy and the response to platinum agents. Previous 
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studies have revealed that copper ions and platinum drugs may 
share the same transport system in the cell (12‑14). A different 
study demonstrated that copper ion transport proteins not 
only participate in the metabolism of the copper ions, but also 
maintain the balance of copper and are ultimately associated 
with the development of cisplatin resistance (15). In particular, 
human copper transporter  1  (hCtr1) is the major copper 
influx transporter and also transports cisplatin and cisplatin 
analogues into cells (13), while two other copper transporters, 
consisting of copper‑transporting p‑type adenosine triphospha-
tase 1 (ATP7A) and 2 (ATP7B), regulate the efflux of cisplatin. 
A previous study has reported that hCtr1 expression is able 
to predict the prognosis of patients with advanced NSCLC 
that received platinum‑based chemotherapy (16). Thus, in the 
present study, the expression of hCtr1, ATP7A and ATP7B 
proteins was detected in surgically resected NSCLC tissues 
to determine the association between the expression of these 
proteins with the histology, chemotherapy response, tumor 
stage, differentiation and prognosis in patients with resected 
NSCLC that received platinum‑based treatment.

Patients and methods

Patients. In total, 54 patients with a histologically confirmed 
diagnosis of NSCLC were diagnosed at The First Affiliated 
Hospital of Xi'an Jiaotong University (Xi'an, Shaanxi, China) 
between 2005 and 2009, and these patients were enrolled in 
the present study. These patients underwent surgical resection 
of the tumor lesions. The patients were enrolled in the present 
study according to certain criteria. Firstly, surgical resection 
was required as the first‑line treatment, followed by at least 
two courses of platinum based doublet, but not single or triplet, 
chemotherapy administered on an intent‑to‑treat basis. The 
assessment of the response to therapy for lung cancer mainly 
relied on the Response Evaluation Criteria in Solid Tumors (17). 
Paraffin‑embedded pre‑treatment tumor tissues were required 
to be available for immunohistochemistry. However, patients 
with a known history of cancer or without subsequent clinical 
follow‑up data were excluded from the present study. Detailed 
clinicopathological and survival data, such as the tumor loca-
tion, stage, differentiation, treatment, radiography review and 
outcome, were collected retrospectively. The current study 
was approved by the Institutional Review Board of The First 
Affiliated Hospital of Xi'an Jiaotong University. Each patient 
provided informed consent for participation in the present 
study.

Chemotherapy regimen. The chemotherapy regimens included 
the administration of 75‑80 mg/m2 cisplatin or carboplatin, 
at a dose that was calculated to produce an area under the 
serum concentration‑time curve of 6.0  min/mg/ml, and 
a non‑platinum agent. The treatment was repeated every 
3 weeks. The same chemotherapy regimen was administered 
once every 3 weeks and drug doses were tailored according to 
patient tolerance, as necessary.

Assessment of treatment efficacy. The patients were moni-
tored closely for respiratory and system symptoms, signs and 
disease relapse. Auxiliary examination was conducted using 
computed tomography, head magnetic resonance imaging 

and bone scanning every 3 months during treatment until the 
completion of chemotherapy, and every 3‑6 months subse-
quently, until disease progression or the initiation of subsequent 
anticancer therapy was determined. The sum of the maximal 
diameters of all measurable tumor lesions was recorded at 
baseline and following treatment. These measurements were 
used to calculate the largest percentage reduction or smallest 
percentage increase in size using the baseline assessment as a 
reference. The best response to therapy was categorized using 
Response Evaluation Criteria In Solid Tumors 1.0 criteria (17). 
The pre‑ and post‑treatment quality of life was also assessed.

Immunohistochemistry. Immunohistochemistry was 
performed to analyze the expression of the hCtr1, ATP7A and 
ATP7B proteins in the pre‑treatment tumor tissue specimens. 
Therefore, 4 µm thick tissue sections were prepared from a 
representative tumor tissue paraffin block for each patient. 
For immunohistochemical analysis, these tissue sections 
were deparaffinized and rehydrated, and then subjected to 
heat‑induced antigen retrieval in citrate buffer in an autoclave 
oven. Subsequently, the sections were blocked for endogenous 
peroxidase activity in 3% H2O2/phosphate buffered saline 
(PBS) solution for 30 min at room temperature. The sections 
were then incubated overnight at 4˚C with the primary anti-
body against hCtr1 (dilution, 1:250; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA), ATP7A (dilution, 1:100; Abcam, 
Cambridge, UK) or ATP7B (dilution, 1:100; Abcam). On the 
next day, the sections were washed with PBS three times, and 
then incubated with a biotin‑labeled secondary antibody and 
the adenosine triphosphate binding cassette complex (LSAB 
kit; DAKO, Carpinteria, CA, USA) at 37˚C for 20 min.

For the color reaction, the sections were incubated with 
diaminobenzidine substrate solution as the chromogen. 
Finally, the sections were briefly counterstained with hema-
toxylin. Positive and negative controls were performed 
for all experiments. Ten fields of view per stained section 
(magnification, x200) were reviewed and scored under light 
microscopy (BX43; Olympus Corp, Tokyo, Japan) by two 
independent pathologists that were blinded to the clinical char-
acteristics and outcomes of the patients. Each tissue section 
was semi‑quantitatively scored on a 1‑4 scale by estimating the 
percentage of positive cytoplasmic or membranous staining 
of tumor cells, as follows: 1, 1‑25% stained cells; 2, 26‑50% 
stained cells; 3, 51‑75% stained cells; and 4, >75% stained cells. 
Weakly positive cytoplasmic staining, with an intensity score 
of 1, was observed in certain pneumocytes and bronchiolar 
epithelial cells adjacent to tumor cells. With respect to the 
intensity and frequency, a high expression level was defined 
as tumor cells with diffuse cytoplasmic or membrane staining 
of moderate/strong intensity (≥2), according to previous 
studies (18,19).

Statistical analysis. The association between clinical char-
acteristics and immunostaining were evaluated using χ2 or 
Fisher's exact tests. The overall survival (OS) time was calcu-
lated as the time interval between the date of pathological 
diagnosis and the date of mortality or last follow‑up. The 
Kaplan‑Meier method was used to generate survival curves for 
the OS time and the log‑rank test was performed to evaluate the 
differences between the groups. Univariate logistic regression 
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analysis followed by multiple logistic regression analyses 
was applied to evaluate the association between protein 
expression and clinicopathological parameters as predictors 
of the treatment response. The association between potential 
predictors and survival time were evaluated by Cox propor-
tional hazards models, using univariate and multivariate 
analyses. All statistical analyses were performed using 
Stata/SE 12.0  (StataCorp LP, College Station, TX, USA). 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Patient characteristics and treatment responses. The present 
cohort of patients with NSCLC received platinum‑based 
chemotherapy subsequent to the surgical removal of tumor 
lesions. The longest follow‑up time was 66 months. The char-
acteristics of patients are listed in Table I. In total, 14 patients 
were treated with gemcitabine and cisplatin (26%), 12 with 
docetaxel and cisplatin (22%), 15  (28%) with vinorelbine 
and cisplatin, 7 (13%) with paclitaxel and cisplatin, 5 (9%) 
with pemetrexed and cisplatin, and 1 (2%) with etoposide 
and cisplatin. The courses of chemotherapy ranged between 
2 and 4 cycles. Stable disease was demonstrated by 4 patients, 
progressive disease was demonstrated by 15 patients and 
complete response was demonstrated by 1 patient.

Expression of the hCtr1, ATP7A and ATP7B proteins in 
NSCLC tissue specimens and association with measurable 
tumor response. The expression of the hCtr1, ATP7A and 
ATP7B proteins was observed in 59, 37 and 28% of NSCLC 
tissue specimens, respectively (Fig. 1; Table I). The expres-
sion of ATP7B was significantly associated with tumor cell 

differentiation, while the expression of hCtr1 was significantly 
associated with improved chemotherapeutic responses. In 
total, 18 out of 33 patients with partial responses to chemo-
therapy demonstrated overexpression of the hCtr1 protein, 
whereas 14  out of 15  patients with progressive disease 
subsequent to chemotherapy demonstrated overexpression of 
the hCtr1 protein (P<0.05). However, the expression of the 
ATP7A and ATP7B proteins was not significantly associ-
ated with clinicopathological data. The expression of these 
copper transporters was not associated with patient age, 
histological tumor type, clinical stage or best measurable 
response (Table I).

Association between hCtr1, ATP7A and ATP7B expression 
and patient survival. The median survival time was found 
to be 45 months in patients with low ATP7B expression 
in tumors, whereas it was 20 months in patients with high 
ATP7B expression in tumors, although the data were not 
statistically significant (P=0.162). Similarly, the median 
survival time was 20 months in patients with high tumor 
ATP7A expression, but >66 months in patients with low 
tumor ATP7A expression at the time of follow‑up. The data 
were statistically significant (P<0.001).

Furthermore, the median survival time was 15 months in 
patients with low tumor hCtr1 expression, but >66 months 
in patients with high tumor hCtr1 expression at the time 
of follow‑up. This difference was statistically significant 
(P<0.001). High hCtr1 and low ATP7A expression were each 
favorable prognostic factors subsequent to chemotherapy in 
patients with resected NSCLC (Fig. 2).

In addition, the multivariate analysis data revealed that 
high hCtr1 expression combined with low ATP7A expression, 
tumor differentiation and patient gender were all favorable 

Figure 1. Immunohistochemical analysis of the expression of the (A) hCtr1, (B) ATP7A and (C) ATP7B proteins in non‑small cell lung cancer tissue specimens. 
Magnification, x200. 0, no staining; 1, weak staining; 2, moderate staining; and 3, strong staining. CTR1, copper transporter 1; hCtr1, human CTR1; ATP7A, 
copper‑transporting p‑type adenosine triphosphatase 1; ATP7B, copper‑transporting p‑type adenosine triphosphatase 2.
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independent predictive and prognostic factors for patients with 
resected NSCLC subsequent to chemotherapy (Table II).

Discussion

In the present study, the expression of the hCtr1, ATP7A 
and ATP7B proteins was analyzed in pre‑treated NSCLC 
tissue specimens to determine the association between the 
expression of these proteins and chemosensitivity of the 
patients to platinum‑based treatment. Out of the 54  lung 
cancer patients that underwent surgical tumor resection and 
first‑line platinum‑based doublet chemotherapy, significant 
overexpression of hCtr1, ATP7A and ATP7B was identified 
in 32 (59%), 20 (37%) and 15 (28%) patients, respectively. In 
addition, ATP7B expression was significantly associated with 
tumor differentiation, and hCtr1 expression was significantly 
associated with an improved chemotherapeutic response. 
The multivariate analysis revealed that high hCtr1 expres-
sion, low ATP7A expression, tumor differentiation and 
patient gender were all favorable independent predictive and 
prognostic factors for patients with resected NSCLC that 

received chemotherapy. These data indicate that the detec-
tion of hCtr1 and ATP7A expression may be evaluated as 
biomarkers to predict the sensitivity of patients with NSCLC 
to platinum‑based chemotherapy. High hCtr1 and low ATP7A 
expression were each favorable prognostic factors for patients 
with resected NSCLC subsequent to chemotherapy.

The present results revealed that the median survival time 
of patients subsequent to surgery combined with chemo-
therapy was longer and was markedly increased compared 
with the median survival time reported in the literature, which 
reports a median survival time of 9‑11 months for lung cancer 
patients  (6,8). The cause of this discrepancy has not been 
elucidated and may be associated with the stage of the disease, 
radical resection of tumor lesions, duration of chemotherapy 
administration, the presence of metastatic tumors outside the 
lung and individual differences.

Platinum‑based chemotherapy is the first‑line chemothera-
peutic treatment either prior to or following surgery (20,21). 
However, drug resistance may be an issue and limit the effi-
cacy of platinum‑based chemotherapy in the clinic (22) and 
in the pre‑ and post‑operative treatment of lung cancer (9). 

Table II. Univariate and multivariate analyses of prognostic factors for non‑small cell lung cancer patients subsequent to treat-
ment with platinum‑based chemotherapy.

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variable	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

CTR1 expression
  High vs. low	 0.15 (0.62‑0.38)	 0.000	 0.29 (0.11‑0.75)	 0.010
ATP7A expression
  High vs. low	   7.20 (2.48‑20.87)	 0.000	   3.68 (1.11‑12.12)	 0.032
ATP7B expression
  High vs. low	 1.78 (0.78‑4.03)	 0.168	 0.77 (0.29‑2.00)	 0.592
Gender
  Male vs. female	 0.29 (0.10‑0.85)	 0.023	 0.28 (0.09‑0.95)	 0.040
Age
  ≥60 vs. <60 years	 0.97 (0.93‑1.00)	 0.083	 0.96 (0.92‑1.01)	 0.120
Tumor differentiation
  Good/moderate vs. poor	 0.31 (0.19‑0.49)	 0.000	 0.44 (0.24‑0.79)	 0.006

HR, hazard ratio; CI, confidence interval; CTR1, copper transporter 1; ATP7A, copper‑transporting p‑type adenosine triphosphatase 1; ATP7B, 
copper‑transporting p‑type adenosine triphosphatase 2.

Figure 2. Kaplan‑Meier survival curves stratified by the expression of the (A) human CTR1, (B) ATP7A, and (C) ATP7B proteins in non‑small cell lung cancer 
tissue specimens. CTR1, copper transporter 1; ATP7A, copper‑transporting p‑type adenosine triphosphatase 1; ATP7B, copper‑transporting p‑type adenosine 
triphosphatase 2.
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In general, copper is an essential element for cells, but exces-
sive copper may be toxic or even lethal to cells. Therefore, 
mammalian cells have developed sophisticated mechanisms to 
maintain copper levels through intake, export and intracellular 
compartmentalization or buffering of copper. Ctr1 controls 
copper uptake, while ATP7A and ATP7B control the copper 
export from cells (23‑25). Previous studies have identified that 
copper ion transport proteins are closely associated with the 
development of cisplatin resistance (16,26,27). These copper 
transporters include Ctr1 and ATP7B and ATP7A (23,28), 
which together regulate the overall intracellular cisplatin 
levels. It has been reported that the intracellular cisplatin 
level is an important determinant for the cytotoxic activity of 
cisplatin. Thus, detection of the expression of hCtr1, ATP7B 
and ATP7A in tumor lesions may provide an important insight 
into drug resistance in cisplatin‑based cancer chemotherapy. 
In the present study, NSCLC tissue specimens were revealed 
to express various levels of hCtr1, ATP7A and ATP7B proteins 
and that ATP7B expression was significantly associated 
with tumor cell differentiation, while hCtr1 expression was 
significantly associated with an improved chemotherapeutic 
response. Mechanistically, it is evident that hCtr1 expression 
upregulates drug levels in cells and therefore increases drug 
efficacy.

In addition, the present study also demonstrated that 
differential expression of these copper transporters, such as 
high hCtr1 expression and low ATP7B and ATP7A expres-
sion, also contributed to a favorable prognosis in patients with 
resected NSCLC that received chemotherapy. Li et al  (29) 
demonstrated that ATP7A expression was associated with 
the histological grade of NSCLC and the response to 
chemotherapy. Inoue et al (30) revealed that ATP7A mRNA 
expression was useful as a marker for cisplatin chemoresis-
tance in NSCLC. Furthermore, Nakagawa et al  (19) found 
that the ATP7B mRNA and protein levels were significantly 
increased in human NSCLC cisplatin‑resistant xenografts 
compared with the levels in the cisplatin‑sensitive xenografts, 
indicating that ATP7B was a useful biomarker for platinum 
resistance in NSCLC. However, Mangala et al (31) revealed 
that ATP7B was overexpressed in chemotherapy‑sensitive 
ovarian carcinoma cells. However, the association between 
ATP7B overexpression and an unfavorable clinical outcome 
in various cancers has been reported (32). Overall, the present 
and published data indicate that the role of ATP7A and ATP7B 
in clinical cisplatin resistance may be complex and depend on 
factors including the patient population, tumor types, drug 
resistance mechanisms, treatment modalities and methods 
of data analysis (5). Thus, additional studies are required to 
clarify these issues.

The present study also revealed an association between 
hCtr1  expression and curative effect, which is consistent 
with the findings of Choi et al  (5). However, based on the 
cohort of patients in the present study, hCtr1 expression may 
have prognostic value for predicting the treatment efficacy 
of chemotherapy using a cisplatin‑based regimen combined 
with surgery. Ishida et al has previously reported that the 
expression of hCtr1 is associated with the clinical response 
in ovarian cancer  (33,34). Ogane  et  al  (35) revealed that 
CTR1 expression is a prognostic factor for outcome in endo-
metrial cancer. There are numerous factors that contribute 

to cisplatin resistance, and additional studies are required to 
elucidate the molecular mechanism involved in the develop-
ment of resistance to platinum‑based chemotherapy in lung 
cancer patients. Cumulatively, the present results revealed that 
the detection of hCtr1 and ATP7A expression may be evalu-
ated as a biomarker for the prediction of chemosensitivity to 
platinum‑based chemotherapy; high hCtr1 and low ATP7A 
expression were each favorable prognostic factors for patients 
with resected NSCLC subsequent to chemotherapy. Surgery 
combined with neoadjuvant chemotherapy may improve the 
survival of NSCLC patients.
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