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BACKGROUND: Lung adenocarcinoma (LADCA) patients with epidermal growth factor receptor (EGFR) mutations are in general
associated with relatively high clinical response rate to EGFR-tyrosine kinase inhibitors (TKIs) but not all responded to TKI. It has
therefore become important to identify the additional surrogate markers regarding EGFR-TKI sensitivity.
METHODS: We first examined the effects of EGFR-TKIs, gefitinib and erlotinib, upon cell proliferation of lung adenocarcinoma cell lines.
We then evaluated the gene profiles related to EGFR-TKI sensitivity using a microarray analysis. Results of microarray analysis led us
to focus on carcinoembryonic antigen-related cell adhesion molecule (CEACAM) family, CEACAM 3, 5, 6, 7, and 19, as potential
further surrogate markers of EGFR-TKI sensitivity. We then examined the correlation between the status of CEACAM 3, 5, 6, 7, and
19 immunoreactivity in LADCA and clinicopathological parameters of individual cases.
RESULTS: In the cases with EGFR mutations, the status of all CEACAMs examined was significantly higher than that in EGFR wild-type
patients, but there were no significant differences in the status of CEACAMs between TKI responder and nonresponder among 22
patients who received gefitinib therapy. However, among 115 EGFR mutation-negative LADCA patients, both CEACAM6 and
CEACAM3 were significantly associated with adverse clinical outcome (CEACAM6) and better clinical outcome (CEACAM3).
CONCLUSION: CEACAMs examined in this study could be related to the presence of EGFR mutation in adenocarcinoma cells but not
represent the effective surrogate marker of EGFR-TKI in LADCA patients. However, immunohistochemical evaluation of CEACAM3/6
in LADCA patients could provide important information on their clinical outcome.
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Epidermal growth factor receptor (EGFR)-tyrosine kinase inhibitor
(TKI) has been reported to provide therapeutic benefits to NSCLC
patients associated with EGFR gene mutations (Lynch et al, 2004;
Paez et al, 2004) and also to female and nonsmoker patients
(Thatcher et al, 2005). The response rate to EGFR-TKI among
EGFR gene mutation-positive NSCLC patients has been reported as
470% and progression-free survival (PFS) as 9 to 10 months
(Asahina et al, 2006; Inoue et al, 2006). Gefitinib did demonstrate a
therapeutic effectiveness at least equivalent to docetaxel as the
second-line chemotherapy in these patients with EGFR gene
mutations (Niho et al, 2007). In addition, EGFR-TKI as the first-

line therapy was reported to have extended the PFS of the EGFR
mutation-positive lung cancer cases more significantly than the
conventional chemotherapy (Mok et al, 2009; Maemondo et al,
2010). Erlotinib has also been reported to demonstrate a potential
therapeutic benefit to the gefitinib-resistant EGFR mutation-
positive lung cancer patients (Cho et al, 2007).

It has then become important to evaluate the potential surrogate
markers of these EGFR-TKI agents in addition to the presence or
absence of EGFR mutation(s) in order to increase the response rate
to these agents. The first potential surrogate marker for primary
resistance to EGFR-TKI reported in the literature was KRAS
mutations in the EGFR mutations-negative cases (Shigematsu et al,
2005). Acquired clinical resistance to EGFR-TKI was also
documented in lung cancer patients, who had an EGFR mutation
in exon 20 (T790M) (Bell et al, 2005). In addition, the resistance to
gefitinib and erlotinib in NSCLC cell lines was reported to be
associated with epithelial-to-mesenchymal transition (EMT) of
these cell lines examined (Thomson et al, 2005; Yauch et al, 2005;
Witta et al, 2006). Therefore, in this study, we first examined the
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effects of gefitinib or erlotinib on cell proliferation of the cell lines
including those originated from lung adenocarcinoma (LADCA).
We then evaluated gene profiles of EGFR-TKI-sensitive cells using
a microarray analysis in order to further characterise the possible
differential mRNA expression patterns among EGFR-TKI-sensitive
cells. These results of microarray analysis led us to focus on
carcinoembryonic antigen-related cell adhesion molecule (CEA-
CAM) family including carcinoembryonic antigen (CEA) as a
potential surrogate marker of EGFR-TKI sensitivity. However, it is
also true that the biological or clinical significance of CEACAM
family expression including CEA in NSCLC has not necessarily
been well characterised. Therefore, we also examined the relation-
ship between the expression of CEACAM family and clinicopatho-
logical factors including patient outcome, EGFR mutation, and
EGFR-TKI response in human LADCA cases in our present study.

MATERIALS AND METHODS

Cell lines

In this study, we used the following cell lines: A549, LCSC#1,
RERF-LC-OK, LK87, and LCAM1. The original tissues, sources,
and medium employed in these cell lines above are summarised in
Supplementary Table S1. EGFR mutations in exons 18, 19, 20, and
21, which confer sensitivity to EGFR-TKI, were identified by the
PCR-Invader assay (BML, Inc., Tokyo, Japan). Cells were main-
tained in each medium supplemented with 10% fetal bovine serum
(Nichirei Co. Ltd, Tokyo, Japan). All the cells were maintained in
culture at 37 1C, 95% relative humidity, and 5% CO2 at room air.

EGFR-TKI sensitivity test

Gefitinib was commercially obtained from Biaffin GmbH (Kassel,
Germany). Erlotinib was kindly provided by Roche Diagnostics
GmbH (Mannheim, Germany). Each cell lines above were cultured
in a 96-well culture plate. At 72 h after gefitinib or erlotinib
treatment, the cell number was evaluated using a Cell Counting Kit
(DOJINDO LABORATORIES, Kumamoto, Japan) (Isobe et al,
1999). Then, 10 ml of 5 mM WST-8 was added to these cells, which
were then incubated for 2 h at 37 1C. Optical densities (OD,
450 nm) were obtained with microplate reader (Bio-Rad Labora-
tories, Inc., Hercules, CA, USA). The status of cell proliferation (%)
was calculated according to the following equation: (cell OD value
after test materials treated/vehicle control cell OD value)� 100.

Microarray analysis

Cell lysates were prepared using RLT buffer (QIAGEN GmbH,
Hilden, Germany). Total RNA was extracted using RNeasy Mini Kit
(QIAGEN). First-strand cDNA was synthesised by incubating 5 mg
of total RNA with 200 U SuperScript II reverse transcriptase
(Invitrogen Corporation, Carlsbad, CA, USA) and 100 pmol T7-
(dT)24 primer (Invitrogen). Ten units of T4 DNA polymerase
(Invitrogen) were then added, and the dsDNA was mixed with T7
RNA polymerase (Invitrogen). The purified cRNA was fragmented
at 300–500 bp as target solution. Both test and reference samples
were labelled with cyanine-5 (Cy5)-labelled CTP (PerkinElmer
Inc., Waltham, MA, USA). The Cy5-labelled cRNA probes were
subsequently hybridised on the Human 1A version 2.0 (Agilent
Technologies, Inc., Santa Clara, CA, USA) including 22 000 genes.
The reacted arrays were then scanned as digital image files with
GenePix 4000A (Axon Instruments, Foster City, CA, USA). Results
were extracted using Agilent Feature Extraction software version
9.5.3.1 (Agilent Technologies) and analysed using Gene Spring GX
7.3.1 software (Agilent Technologies) in order to obtain gene
expression ratios. Raw microarray data were normalised and
analysed using the Gene Spring GX 7.3.1 software (Agilent
Technologies). Expression data were median centred.

Patients and tissue specimens

A total of 165 specimens of LADCA were obtained from the
patients who underwent surgical resection from 2000 to 2006 in the
Department of Surgery, Tohoku University Hospital and Miyagi
Cancer Center. Clinicopathological features of the cases examined
in this study are summarised in Supplementary Tables S2 and S3.
A total of 115 cases were EGFR mutation-negative cases and had
not received chemotherapy at all. Of the 165 LADCA patients, 50
were known to have EGFR mutations (exon 19 deletion, n¼ 28;
exon 21 point mutation, n¼ 22; Supplementary Table S3). Among
50 LADCA cases, the response of gefitinib treatment was evaluated
in 22 cases (responder (PR), n¼ 15; nonresponder (SD), n¼ 7;
Supplementary Table S3). Time to progression was available in 17
out of these 22 cases who received gefitinib treatment, and hence 5
cases whom we lost afterward were treated as censored cases.
Other EGFR mutation-positive 28 cases did not receive gefitinib
treatment or no recurrence in their clinical course. All the
specimens studied had been fixed in 10% formalin and embedded
in paraffin wax. Research protocols for this study were approved
by the Ethics Committee at Tohoku University School of Medicine
(2009-380) and Miyagi Cancer Center (No. 34), respectively.

Immunohistochemistry

Primary antibodies used in this study were as follows: CEA/
CEACAM5 (monoclonal CEM010; 1 : 1500 dilution; Mochida
Pharmaceutical Co., Ltd, Tokyo, Japan), CEACAM6 (polyclonal,
1 : 200 dilution; Aviva Systems Biology, Corp., San Diego, CA,
USA), CEACAM3 (polyclonal, 1 : 200 dilution; Sigma-Aldrich
Corporation, St Louis, MO, USA), CEACAM7 (monoclonal BAC2,
1 : 200 dilution; Abcam plc, Cambridge, UK), and CEACAM19
(monoclonal HY-8H10, 1 : 300 dilution; Abcam). Streptavidin-
biotin amplification method was employed for immunostaining
using a Histofine Kit (Nichirei). The antigen–antibody complex
was subsequently visualised with 3,3’-diaminobenzidine solution
and counterstained with haematoxylin.

Evaluation of CEACAM immunohistochemistry was performed
based on the staining proportion scoring systems used for
CEACAM1 immunohistochemistry (Sienel et al, 2003; Dango
et al, 2008) with some modifications. Immunoreactivity was
examined independently by two of the authors (MK and YM)
who were unaware of the clinical data. CEACAM immunoreactivity
of tumour cells was compared with that in normal lung epithelial
cells that were negative for immunoreactivity. CEACAM-positive
rate was categorised according to the percentage of positive
tumour cells into ‘negative’ (o40% positive carcinoma cells) and
‘positive’ (X40% positive carcinoma cells) (Sienel et al, 2003;
Dango et al, 2008). Specificity of immunohistochemistry was
assessed by evaluating the negative controls. For monoclonal
antibodies, the primary antibodies had been replaced with normal
rabbit nonimmune IgG. For polyclonal antibodies, immunoab-
sorption test using the corresponding antigens was conducted as a
negative control.

Statistical analysis

The duration of disease-free survival (DFS) or PFS was calculated
from the date of diagnosis to that of relapse or death, whichever
first occurred, or to the last follow-up information for living
patients (censored case). The duration of PFS was calculated from
the date of start medication to that of progression, or to the last
follow-up information for living patients (censored case). DFS and
PFS data were graphically presented using the Kaplan–Meier
method and were also compared with immunoreactivity of each
CEACAM (positive vs negative) using the log-rank test. The 5-year
DFS and PFS values were obtained from the Kaplan–Meier curves.
The differences of positive rates of CEACAMs by each variant were
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assessed by Mann–Whitney U-test. The influence of each variable
on the positive rate of each CEACAM was assessed by multinomial
logistic regression model, and the survival of the patients was
assessed by the Cox proportional hazards model. All statistical
analyses were performed using Statview for windows (version 5.0;
SAS Institute Inc., Cary, NC, USA). The accepted level of
significance was Po0.05.

RESULTS

EGFR-TKI sensitivity test

Results of the cell proliferation assays are summarised in
Figure 1A. There was a significant decrease in the cell number
after 48 h in RERF-LC-OK, A549, LCSC#1, and LK87 cells treated
with 1 mM (LCSC#1) or 10 mM of erlotinib. There was a significant
decrease in the cell number after 72 h in LCAM1, RERF-LC-OK,
A549, LCSC#1, and LK87 cells treated with 1 mM (LCSC#1 and
LK87) or 10 mM of gefitinib. There were no EGFR mutations in all
these cell lines examined.

The order of sensitivity to EGFR-TKI in the cells examined was
as follows: LCSC#1, LK87, A549, RERF-LC-OK, and LCAM1.

Analysis of EGFR-TKI sensitivity-related genes using
cDNA microarray

Each cell line was arranged according to the sensitivity of EGFR-
TKI evaluated by EGFR-TKI sensitivity assay described above. We
therefore searched gene expression similar to EGFR-TKI sensitivity
patterns in five adenocarcinoma cell lines above (Figure 1B). In
our present study, we focussed on four genes (CGM1 (CEACAM3),
CD66c (CEACAM6), CGM2 (CEACAM7), and CEACAM19) of the
CEACAM family.

CEACAMs in LADCA cases

We further examined the clinical significance of CEACAMs,
especially that of CEA/CEACAM5, which has been known to be
related to EGFR mutation (Okamoto et al, 2005; Shoji et al, 2007)
in 115 EGFR mutation-negative LADCA cases using immuno-
histochemistry.

All CEACAMs examined were detected in cytoplasm and/or cell
membrane of carcinoma cells (Figure 2). The positive cases of each
CEACAM in 115 LADCA patients were summarised as follows:
36 cases (CEACAM5), 53 cases (CEACAM6), 57 cases (CEACAM3),
16 cases (CEACAM7), and 13 cases (CEACAM19). Results of an
association between the status of CEACAM immunoreactivity and
clinicopathological parameters in 115 LADCA patients are also
summarised in Table 1. CEACAM3 status was significantly
associated with gender or lymph node metastasis in 115 LADCA
patients. There were no statistically significant association between
other CEACAMs and clinicopathological parameters of individual
patients.

The association between CEACAM expression and the 5-year
DFS of the patients was evaluated using Kaplan–Meier survival
curves and log-rank test. The statistical analysis demonstrated that
the status of CEACAM3 in 115 LADCA patients examined in this
study was significantly associated with better DFS, whereas that of
CEACAM6 with poor DFS (Figure 3). The 5-year DFS rate of
CEACAM6-negative patients was 74.2%, whereas that of CEA-
CAM6-positive patients was 49.1%. Also, the 5-year DFS rate of
CEACAM3-negative patients was 46.6%, whereas that of CEA-
CAM3-positive patients was 78.9%. Using the Cox proportional
hazards model, we performed multivariate analysis to assess the
independent predictive value of CEACAM status for the DFS of
patients with LADCA. The following prognostic variables were also
included in this study: age, sex, tumour size, and lymph node
metastasis. Results of this multivariate analysis demonstrated that
CEACAM6 positive (P¼ 0.0003), CEACAM3 positive (P¼ 0.0008),
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Figure 1 (A) Effects of EGFR-TKI on cell proliferation of the lung adenocarcinoma cell lines. Data are expressed as mean (n¼ 3). (B) Each cell line was
arranged according to the sensitivity of EGFR-TKI evaluated by EGFR-TKI sensitivity assay. We therefore searched gene expression similar to EGFR-TKI
sensitivity patterns in five adenocarcinoma cell lines. In our present study, we focussed on four genes (CGM1 (CEACAM3), CD66c (CEACAM6), CGM2
(CEACAM7), and CEACAM19) of the CEACAM family.
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age (P¼ 0.032), tumour size (P¼ 0.015), and lymph node
metastasis (P¼ 0.0001) were all turned out independent prognostic
factors, respectively (Table 2).

Association between CEACAM status and EGFR mutation
in LADCA cases

All CEACAM (CEA, CEACAM6, CEACAM7, CEACAM7, CEA-
CAM19) immunoreactivity in EGFR mutation-positive cases was
significantly higher than that in EGFR mutation-negative cases
(Figure 4). However, there were no statistically significant
differences in the status of CEACAMs between responder and
nonresponder patients, and also in EGFR mutations between exon
19 and exon 21 among 22 EGFR mutation-positive LADCA patients
(Figures 5 and 6). The association between CEACAM status and
the PFS of the patients was evaluated using Kaplan–Meier survival
curves and log-rank test. Results of univariate analysis demon-
strated that the positive CEACAM6 status was associated with an
increased PFS in EGFR mutation-positive LADCA patients with
EGFR-TKI treatment (Figure 7). We also performed multivariate
analysis, including age and gender, to assess the indepen-
dent predictive value of CEACAM6 expression for PFS of the
patients receiving EGFR-TKI treatment using Cox proportional
hazards model but no significant correlations were detected
(Supplementary Table S4).

DISCUSSION

CEA is one of the most extensively studied tumour markers and
belongs to the CEACAM family members. These groups of protein
are typically cell membrane-associated glycoproteins, and are part

of the immunoglobulin superfamily (Gold and Freedman, 1965).
Among these CEACAM family, CEACAM5, also well known as
CEA, was reported to be overexpressed in a majority of carcinomas
including those of the gastrointestinal tract, the respiratory
systems, and the breast (Hansen et al, 1974; Kuroki et al, 1992,
Lamerz, 1999). CEACAM6 (CD66c, NCA-90) is a nonspecific
crossreacting glycoprotein antigen that shares some antigenic
determinants with CEACAM5 (Kuespert et al, 2006). CEACAM6 is
also reported to be expressed in granulocytes and epithelia from
various organs (Kuespert et al, 2006). Overexpression of CEA-
CAM6 has been demonstrated to result in cell proliferation and
invasion of breast and pancreatic cancer (Kuespert et al, 2006;
Lewis-Wambi et al, 2008; Maraqa et al 2008). CEACAM3 is also
present in neutrophils and considered to play an important role
in the process of phagocytosis (Chen and Gotschlich, 1996).
CEACAM7 expression was also very recently reported to be
significantly low in rectal adenocarcinoma compared with that in
normal mucosa (Messick et al, 2010). CEACAM19 has functional
immunoreceptor tyrosine-based activation motifs in cytoplasmic
domain (Kuespert et al, 2006), but it is also true that the
physiological or pathological functions of CEACAM19 have
remained entirely unknown at this juncture. CEACAMs have been
also recently demonstrated to play important roles in several types
of human malignancies, but the roles of CEACAMs have remained
largely unknown in lung cancer.

In this study, we first demonstrated that the expression of
CEACAM family (CEACAM 3, 6, 7, and 19) was associated with
EGFR-TKI sensitivity in microarray analysis in vitro. The status of
these CEACAMs was also significantly higher in EGFR mutation-
positive cases than in negative LADCA cases. Shoji et al (2007)
reported that serum CEA/CEACAM5 level was significantly higher
in EGFR mutation-positive lung cancer cases than in wild-type

CEACAM3
CEA/

CEACAM5 CEACAM6

CEACAM7

×40

CEACAM19

Figure 2 Representative illustrations of CEACAM 3, 5, 6, 7, and 19 immunohistochemistry in LADCA cases. Each CEACAM immunoreactivity was
detected in cytoplasm and/or cell membrane of carcinoma cells.

Table 1 Multivariate analysis of characteristic factors influencing positive rate of each CEACAM

CEACAM5 CEACAM3 CEACAM6 CEACAM7 CEACAM19

Factors OR P OR P OR P OR P OR P

Age (p75 vs 475 years) 1.03 0.12 1.01 0.14 1.01 0.30 0.99 0.62 0.85 0.16
Sex (male vs female) 1.01 0.09 0.97 0.0013 1.00 0.95 1.00 0.96 1.00 0.87
Tumour size (o30 vs X30) 1.02 0.20 1.01 0.67 0.99 0.44 0.96 0.86 1.01 0.12
LN (positive vs negative) 0.95 0.43 0.95 0.045 1.01 0.57 0.99 0.91 1.04 0.32
Stage (I vs II or IIIA) 0.98 0.16 0.97 0.82 0.96 0.15 1.82 0.99 0.96 0.53

Abbreviations: CEACAM¼ carcinoembryonic antigen-related cell adhesion molecule; OR¼ odds ratio; LN¼ lymph node metastasis. Multinomial logistic regression model. Italic
entries indicate Po0.05.
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cases. In addition, Okamoto et al (2005) demonstrated that in
LADCA patients, serum CEA/CEACAM5 concentration of
X5 ng ml� 1 turned out to be more sensitive to gefitinib treatment
than those of p5 ng ml� 1. It is true that CEA/CEACAM5 was not
included in EGFR-TKI sensitivity molecules examined by micro-
array analysis in our present study but CEA/CEACAM5 expression
was significantly higher in EGFR mutation cases as well as other
CEACAMs examined in our study compared with EGFR wild-type
cases. There were, however, no significant statistical associations
between the status of CEACAMs examined in primary tumour of
the patients and clinical response of gefitinib treatment in 22
LADCA patients. Therefore, it awaits further investigations
including the validation in a larger number of the cases in
different institutions to clarify whether the status of these
CEACAMs in adenocarcinoma cases actually results in EGFR
TKI-sensitivity in LADCA patients or not.

In this study, we also examined the clinicopathological
significance of CEACAMs in LADCA patients. Among 5 CEACAMs
above, both CEACAM3 and CEACAM6 demonstrated the most
significant clinical significance in terms of clinical outcome of the
patients. Results of our present study clearly demonstrated that the

positive rate of CEACAM3 was significantly higher in female or
lymph node metastasis-negative LADCA patients. In addition,
CEACAM3 and CEACAM6 positivity in carcinoma cells turned out
to be independent prognostic factors in LADCA patients examined
in this study, that is, CEACAM3 positivity was associated with
significantly better prognosis and CEACAM6 positivity with
significantly worse prognosis. CEACAM3 is well known to be
present as transmembrane protein, whereas CEACAM6 is linked to
membrane via glycosyl-phosphatidylinositol anchor in neutrophils
(Kuespert et al, 2006). CEACAM6 also acts as an inducer of cell
proliferation in A549 cells (Singer et al, 2010). A549 cells expressed
significant amounts of nonmembrane-anchored variants of
CEACAM6 as well as CEA/CEACAM5, representing a putative
source for the increased CEACAM5/6 serum levels frequently
detected in lung cancer patients (Singer et al, 2010). In our present
study, CEACAM6-positive/CEACAM3-negative cases were signifi-
cantly associated with poor clinical outcome compared with
CEACAM6-negative/CEACAM3-positive, double-positive, and
double-negative cases. CEACAM3, which is anchored in cell
membrane, was also reported to form heterodimer with other
CEACAM family including CEACAM6 (Skubitz and Skubitz, 2008).
These findings, including results of our present study, all indicated
that CEACAM3 may inhibit the dissociation of CEACAM6 from the
cell membrane and the stimulatory effects upon cell proliferation
of CEACAM6 in LADCA patients. In addition, CACAM3 status of
the primary tumour turned out to be an independent factor of
good prognosis in LADCA cases examined in this study.
CEACAM3 may inhibit cell proliferation/invasion of LADCA cells
as a binding protein, but further investigations are required for
clarification. Results of the univariate analysis in our present study
did demonstrate that CEACAM6 was associated with an increased
PFS for EGFR mutation-positive adenocarcinoma patients under-
going EGFR-TKI treatment. EGFR gene mutation-positive lung
cancer was also reported to demonstrate better treatment
responses than EGFR mutation-negative lung cancers following
EGFR-TKI treatment (Takano et al, 2008). These findings all
suggest that CEACAM3 overexpression was associated with better
prognosis or clinical outcome, and CEACAM6 overexpression
could account for protecting EGFR-TKI resistance (Lo and Hung,
2006) in the EGFR mutation-positive LADCA patients. This is
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Figure 3 Kaplan–Meier survival curves of 115 LADCA patients according to the status of each CEACAM. The P-value is from the log-rank test.
In CEACAM6/CEACAM3, ‘neg’ represented negative cases, and ‘posi’ positive cases of CEACAM6 or CEACAM3.

Table 2 Multivariate analysis of prognostic factors influencing survival of
EGFR mutation-negative 115 patientsCox proportional hazards model.

Factors s.e. Hazard ratio 95% CI P-value

CEACAM5a 0.35 0.75 0.38–1.48 0.40
CEACAM3a 0.38 3.81 1.83–7.96 0.0004
CEACAM6a 0.32 0.36 0.17–0.61 0.0005
CEACAM7a 0.53 0.86 0.30–2.47 0.77
CEACAM19a 0.68 2.01 0.54–7.87 0.29
Age (p75 vs 475 years) 0.38 0.42 0.20–0.88 0.020
Sex (male vs female) 0.35 0.79 0.40–1.58 0.51
Tumour size (o30 vs X30) 0.30 0.37 0.20–0.67 0.0011
Lymph node metastasisa 0.64 0.09 0.03–0.34 0.0003
Stage (I vs II or IIIA) 0.64 3.47 0.98–11.9 0.054

Abbreviations: CI¼ confidence interval; CEACAM¼ carcinoembryonic antigen-
related cell adhesion molecule; EGFR¼ epidermal growth factor receptor. aPositive
vs negative. Italic entries indicate Po0.05.
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because CEACAM3- and CEACAM6-positive rates in EGFR
mutation-positive cases were significantly higher than that in
EGFR mutation-negative cases, and CEACAM6-positive cases
receiving gefitinib therapy were associated with a relatively long
PFS in their clinical course. In the present study, we did not get
significant collection between CEACAM6 and the response to
EGFR-TKI, but we found relatively high CEACAM6 expression in
PR cases. Because we only dealt with SD or PR cases, or we did not
have enough cases to assess, we thought of the possibility that
there was no significant difference. We think it is necessary to
assess the CEACAM6 expression of PD cases, T790M positive
cases, and an independent larger set to confirm the assumption.

Abdel-Aziz et al (2009) reported that a double-positive status of
CEA/CEACAM5 and EGFR expression was detected in the majority
of patients (81%) with colorectal cancers. Abou-Rjaily et al (2004)
also reported that CEACAM1 was closely associated with EGFR
actions and may reduce the EGFR-mediated cell proliferation
following EGF binding, and that the CEACAM1 effects upon EGF-
dependent hepatocyte proliferation are mediated by its ability to

bind to and sequester Shc, thus uncoupling EGFR signalling from
the Ras/Raf/MAP kinase pathway (Abou-Rjaily et al, 2004).
Therefore, the CEACAMs examined in our present study are
reasonably postulated to be associated directly with EGFR and to
modify the anti-tumour effects of EGFR-TKI in LADCA patients.
Choi et al (2007) recently reported that CEACAM6 was decreased
by gefitinib treatment and abundantly expressed in EGFR-mutant
lung cancer cell lines. They also suggested that CEACAM6 could
serve as a potentially important EGFR transcriptional target in
these cell lines (Choi et al, 2007). Results of several previous
studies also demonstrated the translocation of EGFR in the nucleus
as full-length receptors (Marti et al, 1991; Lin et al, 2001; Li et al,
2009). Li et al (2009) demonstrated that expression of a nuclear
localisation sequence-tagged EGFR in cetuximab-sensitive cells
increased resistance to cetuximab, both in vitro and in mouse
xenografts. These results as well as results of our own study all
indicated that CEACAMs could interact with EGFR and subse-
quently stabilise EGFR on the cell membrane, and maintain the
sensitivity of EGFR-TKI. Further investigations are, however,
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Figure 4 Box-plot of positive rate of each CEACAM according to the status of EGFR mutation (upper and bottom left and middle). The P-value is from
the Mann–Whitney U-test.
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required to clarify further details of the biological correlations
between CEACAMs and EGFR toward the development of much
more effective EGFR-TKI therapy of NSCLC patients.

STATEMENT OF TRANSLATIONAL RELEVANCE

The CEACAMs (CEACAM 5, 3,6, 7, and 19) examined in this study
could be effective surrogate markers for prediction of EGFR gene
mutation. Among these five CEACAMs above, immunohistochem-
ical evaluation of CEACAM3/6 in LADCA patients could contribute
to predicting their clinical outcome.
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Mutschler W, Passlick B, Pantel K (2003) Elevated expression of
carcinoembryonic antigen-related cell adhesion molecule 1 promotes
progression of non-small cell lung cancer. Clin Cancer Res 9:
2260–2266

Singer BB, Scheffrahn I, Kammerer R, Suttorp N, Ergun S, Slevogt H (2010)
Deregulation of the CEACAM expression pattern causes undifferentiated
cell growth in human lung adenocarcinoma cells. PLoS One 5: e8747

Skubitz KM, Skubitz AP (2008) Interdependency of CEACAM-1, -3, -6,
and -8 induced human neutrophil adhesion to endothelial cells. J Transl
Med 6: 78

Takano T, Fukui T, Ohe Y, Tsuta K, Yamamoto S, Nokihara H,
Yamamoto N, Sekine I, Kunitoh H, Furuta K, Tamura T (2008) EGFR
mutations predict survival benefit from gefitinib in patients with
advanced lung adenocarcinoma: a historical comparison of patients
treated before and after gefitinib approval in Japan. J Clin Oncol 26:
5589–5595

Thatcher N, Chang A, Parikh P, Rodrigues Pereira J, Ciuleanu T, von Pawel J,
Thongprasert S, Tan EH, Pemberton K, Archer V, Carroll K (2005) Gefitinib
plus best supportive care in previously treated patients with refractory
advanced non-small-cell lung cancer (Iressa Survival Evaluation in Lung
Cancer; ISEL). Lancet 366: 1527–1537

Thomson S, Buck E, Petti F, Griffin G, Brown E, Ramnarine N, Iwata KK,
Gibson N, Haley JD (2005) Epithelial to mesenchymal transition is a
determinant of sensitivity of non-small-cell lung carcinoma cell lines and
xenografts to epidermal growth factor receptor inhibition. Cancer Res 65:
9455–9462

Mok TS, Wu YL, Thongprasert S, Yang CH, Chu DT, Saijo N,
Sunpaweravong P, Han B, Margono B, Ichinose Y, Nishiwaki Y, Ohe Y,
Yang JJ, Chewaskulyong B, Jiang H, Duffield EL, Watkins CL, Armour
AA, Fukuoka M (2009) Gefitinib or carboplatin-paclitaxel in pulmonary
adenocarcinoma. N Engl J Med 361: 947–957

CEACAM and EGFR inhibitor sensitivity

M Kobayashi et al

1752

British Journal of Cancer (2012) 107(10), 1745 – 1753 & 2012 Cancer Research UK

M
o

le
c
u

la
r

D
ia

g
n

o
stic

s



Witta SE, Gemmill RM, Hirsch FR, Coldren CD, Hedman K, Ravdel L,
Helfrich B, Dziadziuszko R, Chan DC, Sugita M, Chan Z, Baron A, Franklin
W, Drabkin HA, Girard L, Gazdar AF, Minna JD, Bunn Jr PA (2006)
Restoring E-cadherin expression increases sensitivity to epidermal growth
factor receptor inhibitors in lung cancer cell lines. Cancer Res 66: 944–950

Yauch RL, Januario T, Eberhard DA, Cavet G, Zhu W, Fu L, Pham TQ,
Soriano R, Stinson J, Seshagiri S, Modrusan Z, Lin CY, O’Neill V, Amler
LC (2005) Epithelial versus mesenchymal phenotype determines in vitro
sensitivity and predicts clinical activity of erlotinib in lung cancer
patients. Clin Cancer Res 11: 8686–8698

This work is published under the standard license to publish agreement. After 12 months the work will become freely available and the
license terms will switch to a Creative Commons Attribution-NonCommercial-Share Alike 3.0 Unported License.

CEACAM and EGFR inhibitor sensitivity

M Kobayashi et al

1753

& 2012 Cancer Research UK British Journal of Cancer (2012) 107(10), 1745 – 1753

M
o

le
c
u

la
r

D
ia

g
n

o
st

ic
s


	title_link
	MATERIALS AND METHODS
	Cell lines
	EGFR-TKI sensitivity test
	Microarray analysis
	Patients and tissue specimens
	Immunohistochemistry
	Statistical analysis

	RESULTS
	EGFR-TKI sensitivity test
	Analysis of EGFR-TKI sensitivity-related genes using cDNA microarray
	CEACAMs in LADCA cases

	Figure™1(A) Effects of EGFR-TKI on cell proliferation of the lung adenocarcinoma cell lines. Data are expressed as mean (n=3). (B) Each cell line was arranged according to the sensitivity of EGFR-TKI evaluated by EGFR-TKI sensitivity assay. We therefore s
	Association between CEACAM status and EGFR mutation in LADCA cases

	DISCUSSION
	Figure™2Representative illustrations of CEACAM 3, 5, 6, 7, and 19 immunohistochemistry in LADCA cases. Each CEACAM immunoreactivity was detected in cytoplasm andsolor cell membrane of carcinoma cells
	Table 1 
	Figure™3Kaplan-Meier survival curves of 115 LADCA patients according to the status of each CEACAM. The P-value is from the log-rank test. In CEACAM6solCEACAM3, ’negCloseCurlyQuote represented negative cases, and ’posiCloseCurlyQuote positive cases of CEAC
	Table 2 
	Figure™4Box-plot of positive rate of each CEACAM according to the status of EGFR mutation (upper and bottom left and middle). The P-value is from the Mann-Whitney U-test
	Figure™5Box-plot of positive rate of each CEACAM according to the response to gefitinib in EGFR mutation-positive lung adenocarcinoma. The P-value is from the Mann-Whitney U-test
	Statement of translational relevance
	A5
	ACKNOWLEDGEMENTS
	A6
	Figure™6Box-plot of positive rate of each CEACAM according to the response to mutation site in EGFR mutation-positive lung adenocarcinoma. The P-value is from the Mann-Whitney U-test
	Figure™7The PFS of 22 EGFR mutation-positive lung adenocarcinoma patients who had gefitinib therapy according to the status of each CEACAM. The P-value is from the log-rank test
	A7




