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Background: Recently, there is an increasing interest in developing specific treatments while managing lung cancer cases.
We tested the expressions of six molecular markers in the primary tumor and the metastatic lymph nodes of
lung cancer patients at a single institution in China.

Material/Methods: A total of 48 patients with lung cancer who were admitted to the Department of Cardiothoracic Surgery, the
First Affiliated Hospital of General Hospital of the Chinese People’s Liberation Army, from September 2010 to
February 2011 were retrospectively reviewed.
Results: One of the six biomarkers’ expressions, excision repair cross-complementation group 1 (ERCC-1), was found to
be significantly different in primary tumors and metastatic sites in different cancer subtypes.

Conclusions: The onset and pathogenesis of small-cell lung carcinoma (SCLC) and non-small-cell lung carcinoma (NSCLC) are
not completely understood, and the predictions of prognosis are not very reliable. The use of molecular mark-
ers to guide treatment of these cancers is currently in its initial stages.
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Background

Lung cancer has the highest incidence and mortality rate
among all the cancers worldwide [1]. Lung cancer mortality
has declined in the recent years. However, because of the in-
crease of the cigarette smoking, the incidence of lung cancer
is increasing in China [2]. In 2005, nearly 429,000 people died
from lung cancer in China, and this number is expected to in-
crease dramatically in the coming years| 2].

Most lung cancers are carcinomas that are histologically clas-
sified as small-cell lung carcinoma (SCLC) and non-small-cell
lung carcinoma (NSCLC) [3]. NSCLC accounts for about 80% of
all lung cancers and can be further subdivided into squamous
cell carcinoma, adenocarcinoma, and large-cell lung carcinoma.
Squamous NSCLC accounts for about 30% of all NSCLC cas-
es [4]. This subtype of NSCLC, which tends to be slow grow-
ing, is mainly related to tobacco smoking and is more com-
mon in men [5]. NSCLC adenocarcinomas and NSCLC large-cell
lung carcinomas tend to metastasize soon after the onset the
disease, and patients with these subtypes typically have poor
prognosis and high mortality [6].

Surgery is one of the options in treatment of lung cancer, but it
is unsuitable for patients with advanced disease. Chemotherapy
or radiotherapy, which may be combined with surgery, is an-
other important treatment option, and there is great interest
in the development of patient-specific targeted drugs that con-
sider the molecular characteristics of the disease [7]. Recent
studies in Asian and Western patients have indicated that li-
poprotein receptor-related protein 1 (LRP-1), ribonucleotide re-
ductase M 1 (RRM-1), epidermal growth factor receptor (EGFR),
and excision repair cross-complementing gene 1 (ERCC-1) may
be useful molecular markers to guide drug selection in patients
with lung cancer [8-13]. Determining the K-RAS and EGFR mu-
tation status in both primary and metastatic tumors may be
critical for making meaningful decisions regarding the appro-
priate use of targeted therapies. There were tight relationships
between K-RAS and EGFR in NSCLC. Anaplastic lymphoma ki-
nase (ALK) is present in a subgroup of NSCLCs, representing
2% to 7% of such tumors. At present, targeted chemothera-
py of cancer is based on the sensitivity of the primary tumor
site to specific drugs. For example, Iressa and Tarceva target
the tyrosine kinase domain of EGFR, so these drugs are often
given to patients whose tumors have high expression of this
marker. However, expression of biomarkers may be different
in the primary tumors and residual metastatic lymph nodes,
so these tissues may have different drug sensitivities. The dif-
ferent expression of these drug selection-associated genes be-
tween the primary tumor site and the metastatic lymph nodes
might account for the variable chemotherapeutic effects of the
drugs, which are mainly based on gene expression level at the
primary tumor site.
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Several molecular markers can be the diagnosis molecular mark-
er [14-16]. In most cases, one or two markers were selected
to be researched. In the present retrospective study, we com-
pared the expression of six molecular markers (MDR-1, LRP,
RRM-1, EGFR, ERCC-1, and BRCA-1) in the primary tumor tis-
sues and metastatic lymph nodes of patients with NSCLC. The
more molecular markers used, the more facts reflected. This
study focused on the characteristics of molecules’ expressions
and aimed at identifying the differences within NSCLC patients
between primary tumor and metastatic lymph nodes, so we
only choose the markers (MDR-1, LRP, RRM-1, EGFR, ERCC-1,
and BRCA-1) as representative.

Material and Methods

Specimen

This retrospective study included all the pathologically con-
firmed lymph node metastasis patients who opted for surgi-
cal removal of primary or primary and metastatic lesions, and
were admitted to our hospital, Department of Cardiothoracic
Surgery, the First Affiliated Hospital of General Hospital of
the Chinese People’s Liberation Army, from September 2010
to October 2011. Based on these criteria, a total of 48 pa-
tients were considered eligible. In all cases, lymph node me-
tastasis was limited to the ipsilateral side lobe bronchus N1,
N2 and the ipsilateral mediastinum that could be complete-
ly removed by surgery. Chemotherapy consisted of paclitaxel
with carboplatin, docetaxel with cisplatin, or gemcitabine with
cisplatin. Some patients received targeted therapy with gefi-
tinib. NSCLC staging was based on the TNM Classification of
Malignant Tumors, 7t Edition [17]. This study was conducted
in accordance with the Declaration of Helsinki and with ap-
proval from the Ethics Committee of the General Hospital of
People’s Liberation Army. Written informed consent was ob-
tained from all participants.

Specimen processing

The primary lesions and lymph nodes were surgically
removed,and specimens were stored in 10% neutral formalin
for 24 h. Samples were trimmed to 2 mm, dehydrated, em-
bedded in paraffin, cut into 5 um sections, and dried over-
night at 37°C.

For hematoxylin-eosin stain, samples were immersed in a jar
containing 15% fresh H,0, for 10 min and washed thoroughly
in tap water. Slides were then stained in Harris’s hematoxylin
for 15 min followed by tap water washing, and counterstained
by using 1% aqueous eosin Y with 2 drops of concentrated ace-
tic acid, incubating for 5 min. Slides were then washed thor-
oughly and allowed to air dry. Subsequently, the samples were
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washed again, dehydrated, and mounted with coverslips us-
ing Permount before microscopic examination.

Samples stained for multidrug resistant 1 (WDR-1), LRP, RRM-1,
EGFR, ERCC-1, and breast cancer 1 (BRCA-1) were prepared with
the same basic procedures, as described by Selvaggi et al. [6].
All reagents and antibodies were purchased from Beijing Golden
Bridge Biotechnology Co, Ltd. The proper dilutions and appli-
cations of primary antibodies followed the manufacturer’s in-
structions. The secondary antibody was horseradish peroxidase,
and 3,3’-diaminobenzidine was the chromogenic substrate.

Immunohistochemical analysis

Samples were viewed at high magnification (x400), and 8
fields were selected for analysis. The total score was based
on a system previously described by Fromowitz et al. [18]. (i)
Each positive cell scored 0 points (no color), 1 point (yellow),
2 points (brown), or 3 points (dark brown); (ii) the percent-
age of positive cells scored 0 points (<5%), 1 point (5-25%), 2
points (25-50%), 3 points (50-75%), or 4 points (>75%); (iii)
these two scores were added, and the final score was classi-
fied as — and +/- (<2 points), + (2-3 points), ++ (4-5 points),
or +++ (6-7 points). We defined negative expression as the
final score no higher than 2 points and positive expression as
final score higher than 2 points.

Statistical analysis

Because of the small size of the sample, the 4 subtypes of
lung cancer were compared by the Kruskal-Wallis test for tu-
mor markers and Fisher’s exact test for categorical variables.
A multiple comparisons post hoc test was performed by us-
ing Bonferroni correction for type | error adjustment when
there were apparently significant differences between groups.
Results are given as median (interquartile range, IQR) for tu-
mor markers and as number (percentage) for categorical data.
The Wilcoxon signed rank test was used to compare differ-
ences in the expression of molecular markers in primary le-
sions and metastatic lymph nodes. All statistical assessments
were two-sided and evaluated at the 0.05 level of significance.
Statistical analyses were performed using SPSS1 5.0 statistics
software (SPSS Inc., Chicago, IL, USA).

Results

We retrospectively analyzed the records of all lung cancer pa-
tients who underwent thoracic surgery in the hospital from
September 2010 to October 2011, as shown in Table 1. A to-
tal of 48 patients with a history of primary lung cancer lesions
and more than one metastatic lymph node were ultimately
included. All patients underwent surgery for removal of the
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Table 1. Demographic and clinical characteristics of enrolled lung
cancer patients (n=48).

Variable Values

Age, years + standard deviation 50.06+£10.03
Gendern(®%)
CoMae 39 813%)
 Female 9 (188%)
‘subtype of lung cancer,n (%)
© smalicelling cancer 5 (104%)
 largecelllingcancer 4 @3%
© Squamous-cell carcinoma lung cancer 24 (50.0%)
© Adenocarcinoma lung cancer 15 (31.3%)
‘smokern®%) 37 (070%)

primary and metastatic lesions. The patients included 39 men
and 9 women ranging in age from 38 to 78 years, and the av-
erage age was 50.06+10.03 years. Five patients (10%) had
SCLC and the other 43 patients (90%) had NSCLC. Among the
43 NSCLC patients, 4 patients had large-cell lung carcinoma,
24 had squamous cell lung carcinoma, and 15 had adenocar-
cinoma. A total of 37 patients (77.1%) were tobacco smokers.

We examined the expression of 6 molecular biomarkers (MDR-1,
LRP, RRM-1, EGFR, ERCC-1, and BRCA-1) in the primary lung
carcinoma and the metastatic lymph nodes of all patients.
The differences among the expression of molecular markers
in primary lesions and metastatic lymph nodes were defined
as the biomarker expression levels. They were categorized by
different scores between primary lesions and metastatic lymph
nodes in patients with different subtypes of lung cancer. The
results indicated no significant differences in the expression
of these 6 biomarkers in the primary lesions and metastatic
lymph nodes among the groups, as shown in Table 2. P val-
ues are from Fisher’s exact test

Next, we compared the level of expression of the molecu-
lar markers between primary lesions and metastatic lymph
nodes of all 48 patients. The results of representative im-
munohistochemical stainings for MDR-1, LRP, RRM-1, EGFR,
ERCC-1, and BRCA-1 in primary lesions and the stainings in
metastatic lymph nodes were compared (Figure 1). Stronger
and more intensified positive staining was seen in metastat-
ic lymph nodes compared with primary lesions for all 6 dif-
ferent markers. The hematoxylin-eosin-stained normal lung
tissue and lymph node (Figure 2) adjacent to primary lesions
served as controls. We summarized these results and indicat-
ed that ERCC-1 expression was significantly different in pri-
mary lesions and metastatic lymph nodes, but that there were
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Table 2. Bio-marker expression between primary lesions and metastatic lymph nodes in patients with different subtypes of lung
cancer.

Small-cell Large-cell Squamous-cell Adenocarcinoma P value
((ED)) (n=4) (n=24) (n=15)
MDR-1 1 (25%) 1 (25%) 6 (25%) 3 (20%) 1.000
LRP 1 (20%) 3 (75%) 9 (37%) 5 (33%) 0.449
RRM-1 3 (60%) 1 (25%) 7 (29%) 9 (60%) 0.190
EGFR 2 (40%) 1 (25%) 10 (42%) 7 (47%) 0.965
ERCC-1 0 (0.0%) 2 (50%) 8 (33%) 6 (40%) 0.345
BRCA-1 2 (40%) 2 (50%) 3 (13%) 7 (47%) 0.051
A
B
C
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Primary tumor tissue

Metastatic lymph node

Figure 1. Representative immunohistochemical staining results for (A) LRP, (B) RRM-1, (C) EGFR, (D) ERCC-1 (E), BRCA-1, and (F) MDR-
1 in a primary tumor (adenocarcinoma) and a metastatic lymph node (squamous cell carcinoma) (hematoxylin-eosin [HE],
x400). Arrows indicate strong positive staining in the cytoplasm and the nucleus.

no significant differences in the other 5 biomarkers (Table 3).
P values are from Wilcoxon signed rank test.

Discussion

In the present study of lung cancer patients, we measured the
expression of 6 molecular markers (MDR-1, LRP, RRM-1, EGFR,
ERCC-1 and BRCA-1) in primary tumors and metastatic lymph
nodes in the same patients. Our results indicate that ERCC-1 is

the only molecular marker with significantly different expres-
sion in the primary tumor compared with metastatic lymph
nodes. There was no significant difference in the expression
of the six markers in patients with different histological sub-
types of lung cancer. This research represents an initial step
toward the development of individualized lung cancer thera-
py based on the expression of biomarkers in primary tumor
tissue and metastatic lymph nodes.
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Figure 2. (A, B) Hematoxylin-eosin (HE) staining of normal lung tissue and lymph node (HE, x400).

Individualized treatment of cancer is believed to have great
promise, and many clinical and experimental studies have used
tumor-specific molecular markers to identify differences in pa-
tients in order to better estimate prognosis and select treat-
ments [19]. This motivated our comparison of markers in pa-
tients with different subtypes of lung cancer. In particular, LRP
is the major vault protein and its elevated expression is asso-
ciated with poor response to chemotherapy [20,21]. Rybarova
et al. [22] reported that LRP expression was significantly great-
er in patients with NSCLC than in those with SCLC, which is
in line with the general clinical finding that untreated SCLC is
more chemosensitive than untreated NSCLC.

Ribonucleotide reductase is a rate-limiting enzyme for the syn-
thesis of DNA and has two subunits, RRM-1 and RRM-2. The
RRM-1 gene is a target of numerous chemotherapeutic agents
[18]. Previous clinical studies have shown that lung cancer pa-
tients with low levels of RRM-1 mRNA are more sensitive to
gemcitabine and have a longer duration of survival [23-25]. The
recent U.S. National Comprehensive Cancer Network (NCCN)
NSCLC treatment guidelines recommend measurement of RRM-
1 expression before implementation of gemcitabine therapy in
NSCLC patients [26]. Our results indicated no significant differ-
ences in RRM-1 expression either between primary and meta-
static lesions or in their subtypes.

EGFR is a receptor tyrosine kinase involved in activation of tran-
scription factors that regulate gene transcription, cell migration,
adhesion, differentiation, and apoptosis [27]. EGFR-positive lung
cancer patients are more responsive to gefitinib (Iressa) and
erlotinib (Tarceva) [28], which are classified as EGFR tyrosine
kinase inhibitors (TKIs). The presence of an EGFR gene muta-
tion is activating, causing a constant signal to be generated,
which leads to cell proliferation and other cancer processes.
We found no significant differences in EGFR expression either
between primary and metastatic lesions or in their subtypes.
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ERCC-1 is a key enzyme in nucleotide excision repair (NER),
and mutations in this gene appear to play a role in cancer
pathogenesis [29]. Previous clinical studies have demonstrat-
ed that down-regulation of ERCC-1 in NSCLC patients is as-
sociated with increased sensitivity to platinum-based chemo-
therapy [30]. The recent NCCN NSCLC treatment guidelines
recommend measurement of ERCC-1 before implementa-
tion of platinum-based chemotherapy in NSCLC patients [26].
Interestingly, we found significantly elevated expression of
ERCC-1 in metastatic lesions compared with that in primary
lesions. It is possible that the cells of the primary lung tumor
that become metastatic are genetically unique from the bulk
of the primary tumor cells. It is reported that down-regula-
tion of ERCC-1 in NSCLC patients is associated with increased
sensitivity to platinum-based chemotherapy. Low expression
of ERCC1 on circulating tumor cells (CTCs) correlated with pro-
gression-free survival. These findings provide general support
for our finding of the importance of measuring markers out-
side the primary tumor [31].

Previous studies indicate that genetic testing should be per-
formed on lung cancer patients and that the treatment should
be customized according to the results. Our results indicate
that MDR-1, LRP, RRM-1, EGFR, and BRCA-1 levels were similar
in the primary and metastatic lesions of all patients. It is not
surprising that these lesions ultimately have the same sourc-
es. However, ERCC-1 levels were significantly different in the
primary and metastatic lesions. At present, the cause and clin-
ical significance of this difference are uncertain. We suggest
that future studies measure ERCC-1 in primary and metastatic
lesions and determine the association of altered ERCC-1 levels
with patient prognosis and responsiveness to chemotherapy.

Our study had several limitations that should be noted. First,
our sample size was relatively small, and patients had diverse
histological subtypes. In particular, only 5 patients had SCLC
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Table 3. Expression of molecular markers in the primary lesions and metastatic lymph nodes of patients with lung cancer (n=48).

Primary lesion Metastatic lymph nodes P value
MDR-1 1.000
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* P<0.05.
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and only 4 patients had NSCLC of the large cell subtype. This
clearly limited the statistical power of our results. Second,
this study was performed at a single institution, so the re-
sults should not be generalized to other institutions. Third,
this was a retrospective study, so there may have been sig-
nificant selection bias.

Conclusions

At present, the onset and pathogenesis of SCLC and NSCLC
are not completely understood and the predictions of prog-
nosis are not very reliable. The use of molecular markers to
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guide treatment of these cancers is currently in its initial stag-
es. Our results suggest that expression of ERCC-1 was signif-
icantly different in primary tumors and metastatic sites with
different lung cancer subtypes. Large-scale prospective stud-
ies are needed to validate these findings before we can make
definitive suggestions about the use of individualized treat-
ment based on measurement of this biomarker.
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