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Abstract: CD133 and cancer-testis antigens (CTAs) may be potential predicted markers of adjuvant chemotherapy
or immune therapy, and they may be the independent prognostic factor of NSCLC. Nowadays, there is still no predic-
tive biomarker identified for the use of adjuvant chemotherapy in non-small cell lung cancer (NSCLC) patients. To
clarify the role of CD133 and CTAs as a predictive marker for adjuvant chemotherapy or prognostic factors of overall
survival, we performed a retrospective study in 159 stage Ib-1lIA NSCLC patients receiving adjuvant chemotherapy
or observe from April 2003 to March 2004 in our institute. Clinical data and gene anaylisis results were collected,
while CD133 and three CTAs (MAGE-A4, NY-ESO-1, MAGE-A10) were determined according to their monoclonal
antibodies such as CD133, 57B, D8.38 and 3GA11 by immunohistochemistry. All CTAs were more frequently ex-
pressed in squamous cell carcinoma (SCC) (50.0%, 26.9%, 34.6%) than in adenocarcinoma (16.2%, 16.2%, 16.2%).
CD133 was more frequently found in patients with adenocarcinoma (P=0.044). Negative expression of CD133 was
associated with a significantly longer overall survival compared to positive expression of CD133 (62.5 vs. 48.5
months, P=0.035). When combined with MAGEA4, NY-ESO-1lor MAGE-A10, patients’ OS showed significantly dif-
ference among different combination. (CD133-MAGEA4-/CD133-MAGEA4+/CD133+MAGEA4-/CD133+MAGEA4+:
65.6 months vs.51.5 months vs.32.2 months vs.19.8 months, P=0.000, CD133-NY-ESO-1-/ CD133+NY-ESO-1-/
CD133-NY-ESO-1+/ CD133+NY-ESO-1+: 57.8 months vs. 55.7 months vs. 44.6 months vs. 28.5 months, P=0.000,
CD133-MAGEA10-/CD133+ MAGEA10-/CD133-MAGEA10-/CD133+MAGEA10+: 66.2 months vs. 57.2 months vs.
48.8 months vs. 41.4 months, P=0.001). There is no difference between patients received adjuvant chemotherapy
or not, but subgroup analysis showed that the patients with CD133+NY-ESO-1+ expression who received chemo-
therapy will survive longer than not receive adjuvant chemotherapy (received vs. not received, 52.1 vs. 27.1 months,
P=0.020). In the subgroup with EGFR mutation/ALK translocation/Ros1 translocation/Ret fusion, the trend re-
mained but without a statistically significant difference. Multivariate COX regression analysis showed that stage,
CD133, CD133-MAGEA4- and CD133-NY-ESO-1- are independent prognostic factors. In conclusion, CTAs (MAGE-A4,
NY-ESO-1, MAGE-A10) were more likely expressed in patients with squamous cell carcinoma and when CTAs com-
bined with CD133, they can be better prognostic factors. Patients with CD133+NY-ESO-1+ expression may survive
longer when treated with adjuvant chemotherapy, which indicates that the CD133 and CTAs might be a potential
marker to guide adjuvant chemotherapy in this population.
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Introduction rence following curative tumor resection, even

when they have early stage disease [1]. Although
Lung cancer is the leading cause of cancer- treatment of stage Ib-llIA NSCLC is mainly due
related mortality worldwide. A substantial to surgery, a meta-analysis of 14 randomized

proportion of NSCLC patients suffer a recur- trials demonstrated an absolute 5% of 5 years
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survival benefit plus cisplatin-based adjuvant
chemotherapy [1, 2], however, many unselect-
ed patients will suffer from side effect of che-
motherapy instead of achieving survival bene-
fit. Prediction of which population of patients
will benefit from adjuvant chemotherapy is criti-
cal to decision making. Several prognostic gene
signatures have been proposed to define which
stage Ib patients are most likely to recur and
which stage Il and IlIA patients are least likely to
recur [3]. But there are still no definitive bio-
markers which have led to an increased
demand for the discovery and identification of
new definitive biomarkers.

In recent years, cancer stem cell (CSC) related
biomarkers have been proposed [4, 5]. CD133
is a trans-membrane glycoprotein, its expres-
sion in cell surface down-regulates quickly as
cell differentiated [6]. CD133 has been widely
used as a marker to identify CSC in colon, lung,
brain, pancreatic cancer and so on [2-5]. Its
prognostic value for cancer patients has also
been found in lung cancers and being regard as
one of represented lung cancer stem cell bio-
markers [6-8], which may related to cancer
metastasis, chemoresistance or radioresis-
tance.

Several studies have indicated that CTAs may
play a role in the “stemness” of various stem
cells. [9, 10]. However, little is known about
their specific connection with each other. In this
regard, it was recently reported that some CTAs
such as NRAGE, NY-ESO-1, MAGE-1, and SSX
are expressed in human mesenchymal stem
cells of the bone marrow, suggesting that CTA
expression may not only be a hallmark of game-
togenesis but also a stem cell marker [11].

This study was to investigate the expressions of
CD133, one of the representative biomarkers
of lung cancer stem cells, and several cancer-
testis antigens (CTAs) in early stage non-small
cell lung cancer (NSCLC) and their relationship
with clinical outcome. With this rational, the
results may applies the possibility of utilizing
CD133 and CTAs as predictive biomarkers of
adjuvant chemotherapy or immune therapy.

Material and methods
Patient selection

All patients had histologically confirmed resect-
ed stage Ib-1lIA NSCLC, the histological diagno-
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sis of tumors was based on criteria of the World
Health Organization, and TNM stage was deter-
mined according to criteria revised in 1997. All
the patients did not receive neo-adjuvant che-
motherapy or radiation therapy before surgery.
Resected lung cancer tissues were fixed imme-
diately in 10% buffered formalin (Ph=7.0) and
embedded in paraffin. The 4-um-thick serial
sections were prepared to do the following
experiment.

Atotal of 159 patients who met the above crite-
ria were identified in Shanghai Pulmonary
Hospital, Tongji University from April 2003 to
March 2004. The laboratory data were obtained
and recorded independently and blinded from
clinical data until analyses by a biostatistician.
The study was approved by the Institutional
Ethic Committee of Shanghai Pulmonary
Hospital. All the patients signed an informed
consent for the use of their tumor tissues.

IHC for CD133, MAGE-A, NY-ESO-1 and
MAGE-A10

IHC was performed on formalin-fixed, paraffin-
embedded samples. CD133, MAGE-A, NY-
ESO-1 and MAGE-A10 immunostainings were
assessed on whole tissue sections, respective-
ly. Primary antibodies used were rabbit poly-
clonal to CD133 (1:100) (Kangwei Tech Co.,
China), the antibodies of CTAs were kindly pro-
vided by the University of Basal. Monoclonal
antibodies (MAb) 57B, D8.38 and 3GA11 were
generated by using as immunogens recombi-
nant MAGE-A3, NY-ESO-1 and MAGE-A10 pro-
teins, respectively (8-9). Briefly, after deparaf-
finization, sections were heated in a microwave
oven (20 min at 90°C ) in citrate buffer for anti-
gen retrieval. Then, they were washed in phos-
phate-buffered saline for 10 min and incubated
overnight at 4°C in the presence of CD133,
57B, D8.38 and 3GA11. Bound antibodies
were visualized by using the SP method accord-
ing to the supplier's recommendations (SP Kit;
Kangwei Tech Co., China). Diaminobenzidine
was used as chromogen. All specimens were
evaluated independently by two observers to
evaluate staining intensity of analyzed cells (on
a scale of 0-3) and the fraction of cells staining
at each intensity. Interobserver agreement was
reached in all cases.

Interpretation of staining

We adopted a scoring system [12] to calculate
the score of intensity times the percentage of

Int J Clin Exp Pathol 2015;8(5):5509-5518



CD133 and cancer-testis antigens in lung cancer

the stained tumor cells. For sections with ana-
lyzable tumor cells, staining intensity was
scored in four categories: no staining (0), weak
staining (1+), intermediate staining (2+,
between 1+ and 3+) and strong staining (3+).
The percentages of tumor cells showing the dif-
ferent staining intensities were assessed visu-
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Figure 1. Examples of the four classifications of MAGE-A4, NY-ESO-1, MAGE-A10 Kits
and CD133 in NSCLC tumor cells based on the criteria described in the results.
A. Negative control; B. HE staining; C. MAGE-A4 (cytoplasm); D. NY-ESO-1 (cyto-
plasm); E. MAGE-A10 (nuclear); F. CD133 (membrane).

ally and then recorded by
trained pathologists. We
used the prospectively col-
lected IHC data to generate
CD133, MAGE-A, NY-ESO-1
and MAGE-A10 IHC scores
on a continuous scale of
0-300. By integration of
the data relating to the
intensity and frequency of
staining, the IHC score was
calculated with the formu-
la: 1x (percentage of cells
staining weakly [1+]) +2x
(percentage of cells stain-
ing moderately [2+]) +3x
(percentage of cells stain-
ing strongly [3+]). Our data
for the cutoff point analysis
showed that H score of 100
was the best value to pre-
dict both the DFS and OS
for CD133 and all three
CTAs. We choose H score of
100 as a cutoff point both
for CD133 and for all three
CTAs. The representative
IHC figures are shown in
Figure 1.

Gene analyses

Genomic DNA was extract-
ed from lung tumors using
standard protocols (QiA-
amp DNA Mini Kit; Qiagen,
Hilden, Germany). Cycle
sequencing of the purified
polymerase chain reaction
(PCR) products was carried
out with PCR primers using
the commercially available
ADx Mutation Detection
(Amoy Diagnostics
Company, Xiamen, China),
which is based on the
ARMS technology. The
assay can identify the 29
most common types of EGFR mutations cur-
rently described in lung cancers. All experi-
ments were done by following the manufactur-
er's protocols. The Ct values that we used to
determine whether a sample was positive or
negative were based on extensive validation.
Briefly, 10 ng genomic DNA was added to 45 pL
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PCR master mix containing PCR buffer, DNA
polymerase, PCR primers and fluorescent
Tagman probe specific for each individual EGFR
mutation. After 47 amplification cycles, the flu-
orescent signal was collected from FAM and
HEX channels. We using multiplex real-time
polymerase chain reaction assay to detect
ALK/Ros1 gene translocation and RET fusion
and validated all positive samples using direct
sequencing. The details were described in our
previous articles [13, 14].

Statistical analysis

Pearson’s x2 test was performed in the statisti-
cal analyses to evaluate whether CD133 and
CTA expression correlated with clinical-patho-
logical parameters. Spearman’s rank was used
to see if there was any mutual relationship in
the expression. For univariate survival analy-
ses, the Kaplan-Meier method was applied,
and the log-rank test correlation was used to
determine statistical differences between life
tables. All analyses were performed with the
SPSS statistical package ver. 14.0 (SPSS Inc,
Chicago,IL). P value less than 0.05 were regard-
ed as statistically significant. All statistical
tests were two-sided. Multivariate Cox analysis
was used to analyze the effect of different fac-
tors selected from clinical characteristics on
the survival time.

Results
Patient characteristics

The median age was 61 years (range, 39-82
years). The proportions of males, ever smokers
and squamous carcinomas were 54.7%, 42.8%
and 40.9%, respectively. Among which, 98
patients received adjuvant chemotherapy after
surgery. All patients were followed till Nov,
2014. The mean follow-up time was 62 months.

Expression of CD133 and three CTAs and their
relations with baseline characteristics

Immunohistochemical expression of CD133
was found not only in the membranous localiza-
tion of the neoplastic cells, but also in the cyto-
plasmic localization, and was expressed at dif-
ferent levels and with various intracellular local-
izations. Immunoreactivity to MAGE-A4 and
NY-ESO-1 were observed mostly in the cyto-
plasm and nuclear staining, Whereas,
MAGE-A10 only in the nuclear site (Figure 1).
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MAGE and NY-ESO-1 was not detected in nor-
mal lung tissues, in accordance with previously
published data [15, 16]. The frequencies of
CTAs expression was: MAGE-A4 29.6%,
NY-ESO-1 25.2% and MAGE-A10 23.9%. This
expression frequency is in line with previous
studies reporting 8.3-25% NY-ESO- 1-positive
NSCLC tumors [16-21]. Among the 159 surgi-
cally resected specimen, 77 (48.4%) were posi-
tively stained for CD133 and 46 (51.7%) of the
CD133-positive tumors were adenocarcinoma,
Details of CD133, MAGE-A4, NY-ESO-1 and
MAGE-A10 expression in patients are shown in
Table 1. The relations between IHC staining
patterns and clinicopathological factors were
examined (Table 1). The selected clinicopatho-
logical factors were as follows: age, sex, smok-
ing history, pathology, postsurgery disease
stage (pStage) and adjuvant chemotherapy
(@dministered/not administered) (Table 1).
NY-ESO-1 and MAGE-A10 expression did not
correlate with age, sex or smoking history (data
not shown), Neither MAGE-A4 nor NY-ESO-1
expression correlated with differentiation
grade. CD133 and CTAs were more likely
expressed in patients >61 years than patients
<61 (P<0.05). All CTAs were more frequently
expressed in squamous carcinoma (47.7%,
26.2%, 33.8%) than in adenocarcinoma
(18.0%, 21.3%, 18.0%) (Table 1),while CD133
was more frequently expressed in adenocarci-
noma 51.7% than in squamous carcinoma
40.0%. CT antigens have been proposed as
markers of cancer stem cells [9], and further
studies should be conducted to uncover the
identity of this small subset of CTA-positive
tumor cells. It is also notable that while the fre-
quency of tumors positive for both negative
MAGE-A4, NY-ESO-1 and MAGE-A10 proteins
with negative CD133 suggested a prolonged
survival compared with positive combined
expression (P=0.000).

Relationship between gene analysis and CTAs

The EGFR mutation rate of the 159 patients
were 45.3%. For patients with CD133 positive
expression, EGFR mutation rate was 46.8%.
For patients with MAGE-A4, NY-ESO-1 and
MAGE-A10 positive expression, EGFR mutation
rate was 48.9%, 52.5% and 42.1%, respective-
ly. The ALK translocation/Ros1 translocation/
Ret fusion rate of the 159 patients were 1.9%,
1.3%, 1.3% respectively. There is no relation-
ship between EGFR mutation/ALK transloca-
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Table 1. Correlations between baseline characteristics and expression of MAGE-A4, NY-ESO-1, MAGE-
A10 and CD133 in the 159 resected NSCLC patients

Number (%), Characteristics N=159 (tiﬁGnEﬁg (l:l/:;EnSST:(L) ((ZI )AiE7A(:)LO (;: )Diigo p value

Age (years) > 61 80 (50.3) 22(27.5) 29(36.3) 26(32.5) 41(51.6) <0.05
<61 79 (49.7) 25(31.6) 11(13.9) 12(15.2) 36(45.6)

Gender Male 87 (54.7 27 (31.0) 26(29.9) 21(24.1) 40 (46.0) >0.05
Female 72 (45.3) 20(27.8) 14 (19.4) 17 (23.6) 37 (51.4)

Smoking history Never smoker 91 (57.2) 23(25.3) 13(14.3) 18(19.8) 44(48.4) >0.05
Smoker 68 (42.8) 24 (35.3) 27(39.7) 20(29.4) 33(48.5)

Pathology Squamous 65 (40.9) 31(47.7) 18(26.2) 22(33.8) 26(40.0) <0.01
Non- Squamous 94 (59.0) 16(22.8) 22(31.4) 16(22.8) 51(72.8)

Adjuvant not received 61(38.4) 19(31.1) 11(18.0) 16(18.0) 34(55.7) >0.05
Chemotherapy received 98 (61.6) 28 (28.6) 29 (29.6) 22(22.4) 43(43.9)

EGFR mutation Activated 68 (42.8) 22(32.4) 19(28.0) 22(32.4) 35(51.5) >0.05
Wild type 87 (54.7) 24 (27.6) 17 (19.5) 15(17.2) 41(47.1)
Unknown 4 (2.5) 1(25.0) 4 (100) 1(25) 1(25.0)

EGFR unknown patients were not included in the statistical analysis for the limited number. Abbreviations: Adeno-squaZ2:

adeno-squamous carcinoma.

tion/Ros1 translocation/Ret fusion and the
expression of CD133, MAGE-A4, NY-ESO-1 or
MAGE-A10 (data not shown).

Comparison of survival according to the ex-
pression of CD133 and CTAs

The relationships between other clinicopatho-
logical factors and survival were also exam-
ined. CD133-negative expressers showed a
significantly longer OS than CD133-positive
expressers (62.5 vs. 48.5 months, P=0.035).
(Figure 2A) CD133 and MAGE-A4 negativity
(P=0.000, CD133-MAGEA4-/CD133+MAGE-
A4+: 65.6 months vs. 19.8 months) were sig-
nificant independent prognostic factors of a
prolonged survival (Figure 2B). CD133 and
NY-ESO-1  negativity (P=0.000, CD133-
NY-ESO-1-/CD133+NY-ESO-1+: 57.8 months vs.
28.5 months) were significant independent
prognostic factors of a prolonged survival
(Figure 2C). CD133 and MAGE-A10 negativity
were significant independent prognostic fac-
tors of a prolonged survival (Figure 2D) (CD133-
MAGEA10-/CD133+MAGEA10-/CD133-MAGE-
A10-/CD133+MAGEA10+: 66.2 months vs.
57.2 months vs. 48.8 months vs. 41.4 months,
P=0.001).

Survival outcomes

Postoperative adjuvant chemotherapy was per-
formed in 98 of the 159 patients. Univariate
analysis found that there is no difference
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between patients received adjuvant chemo-
therapy or not (P=0.265), but subgroup analy-
sis showed that the patients with CD133+NY-
ESO-1+ expression who received chemothera-
py will survive longer than not receive adjuvant
chemotherapy (received vs. not received, 52.1
vs. 27.1 months, P=0.020) (Figure 2E). In the
subgroup with EGFR mutation/ALK transloca-
tion/Ros1 translocation/Ret fusion , the trend
remained but without a statistically significant
difference. Multivariate COX regression analy-
sis showed that stage, CD133, CD133-
MAGEA4- and CD133-NY-ESO-1- are indepen-
dent prognostic factors. In conclusion, CTAs
(MAGE-A4, NY-ESO-1, MAGE-A10) were more
likely expressed in patients with squamous cell
carcinoma and when CTAs combined with
CD133, they can be better prognostic factors.
Patients with CD133+NY-ESO-1+ expression
may survive longer when treated with adjuvant
chemotherapy, which indicates that the CD133
and CTAs might be a potential marker to guide
adjuvant chemotherapy in this population
(Table 2).

Discussion

CTAs are extensively expressed in a variety of
malignant neoplasms, including melanomas,
and esophageal, breast, prostate, urinary tract,
ovarian, and non-small cell lung cancer [8-11].
Patients with melanoma frequently express CT
antigen genes while colon, renal and leukuemia
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/lymphoma rarely express these genes. CTAs
often show heterogeneous expression within
individual tumors, as determined by immuno-
histochemistry, the majority of the colorectal
cancer and renal cell carcinoma come from the
early stage, while the melanoma from the late
stage.
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In this study, All CTAs were more frequently
expressed in squamous cell carcinoma (SCC)
(50.0%, 26.9%, 34.6%) than in adenocarcino-
ma (16.2%, 16.2%, 16.2%). Which consistent
with Ayyoub M et al’s study. CD133 was more
frequently found in patients with adenocarci-
noma (P=0.044).
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Table 2. Survival analysis in the whole population

OS(overall survival)

Variables Univariate HR (95% ClI) p* Multivariate HR (95% Cl) pP*
Age (years) > 61 1.0 0.831 1.0 0.081
<61 0.965 (0.733-1.923) 0.548 (0.304-1.098)
Gender Male 1.0 0.443 1.0 0.351
Female 0.677 (0.423-1.883) 1.357 (0.714-2.577)
Smoking history Never smoker 1.0 0.993 0.484 (0.245-1.050) 0.053
Smoker 0.666 (0.563-1.965) 1.0
Pathology Squamous 1.0 0.412 1.0 0.082
Adenocarcinoma 0.552 (0.364-1.324) 2.643 (1.455-2.800)
Stage I 1.0 0.000 1.0 0.000
Il
1 1.965 (1.634-2.438) 1.838 (1.346-2.510)
Adjuvant not received 1.0 0.265 1.0 0.095
received 1.242 (0.973-1.839) 1.503 (0.915-1.936)
CD133 negative 1.0 0.035 1.0 0.010
Positive 1.965 (1.723-2.475) 0.370 (0.174-0.788)
CD133/MAGE-A4 negative 1.0 0.000 1.0 0.000
Positive 1.834 (1.572-2.436) 1.944 (1.396-2.707)
CD133/NY-ESO-1 negative 1.0 0.000 1.0 0.002
Positive 0.973 (0.678-1.823) 1.660 (0.949-1.965)
CD133/MAGE-A10 negative 1.0 0.001 1.0 0.094
Positive 1.892 (0.932-2.421) 1.365 (0.932-2.421)
Gene analysis Activated 1.0 1.0
Wild type 0.624 (0.238-1.214) 0.421 0.573 (0.325-1.011) 0.054
Unknown

*Represent P < 0.05.

Chen et al. reported that MAGE-A4 and
NY-ESO-1 are both expressed in cytoplastic and
nuclear site, which consistent with our result.
The discrepancy in reported frequencies of
NY-ESO-1 expression may be due to multiple
parameters such as variation in clinical materi-
al (sampling, stage, subtype, treatment), stain-
ing protocol, scoring system/personnel etc.
[22]. MAGE-A10 expressed in the nuclear site,
which implies it may be a nuclear protein.

The expressions of CTAs in NSCLC are various
according to different study. The mRNA expres-
sion rate of MAGE A4 ranging between 28.4%
and 40%, NY-ESO-1 between 8.3% and 26.7%,
MAGE-A10 between 27.2% and 66.7% in
patient with NSCLC, respectively [23, 24].
MAGE TAAs are expressed with frequencies
ranging between 22.7% (larynx) and 50% of
cases (lung) in squamous cell carcinomas from
different anoatomic areas and in large cell car-
cinomas of the lung [25]. Expression of
NY-ESO-1 was detectable in large cell carcino-
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mas and adenocarcinomas of the lung. (17.8%
and 10.5%, respectively) [23] Study showed
MAGE-A3/4 and NY-ESO-1 positive staining in
65.1% and 23.3% of squamous cell carcinomas
and 18.9% and 10.8% of adenocarcinomas,
respectively [24]. The frequency of these two
antigens expression in NSCLC in this study was
higher than that in previous studies. The rea-
sons for this difference in CT antigen expres-
sion are unclear, but the genetic difference, dif-
ferent research methods, different immunohis-
tochemical sensitivity which depending on lab-
oratory conditions and tumor cell heterogeneity
are speculated as possible reasons. MAGE A10
expression is high in NSCLC, which may imply
the possibility of its value in immunotherapy.

It is possible that CTAs are true hallmarks of
cancer stem cells and provide unique targets to
treat recurrences and metastatic cancer. In
spite of being rare and exposed to immune
attack, stem-cell like tumor cells are capable to
escape the immune system of the host. Of par-
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ticular interest is the frequent expression of
MAGE A4 in squamous cell carcinomas than in
adenocarcinoma. These data suggested the
possibility of immunotherapeutic approaches,
especially for squamous cell carcinomas of
NSCLC. Although CTAs are expressed in differ-
ent tumors, the positive rate have been both
lower in mRNA or protein level. Using single
antigen for immunotherapy may be insubstan-
tial [25, 26]. At least one CTA was expressed by
47.0%, two or three CTAs co-expression was
25.0%. This may applies the possibility for mul-
tiple vaccine immunotherapy.

Neither MAGE-A4, MAGE-A10nor NY-ESO-1
expression correlated with differentiation
grade. But the relationship between CTAs
expression and disease development and
tumor malignancy is still unclear. There is a
need to study the relationship between mRNA
and protein expression of CTAs. The results
suggested a possibility to use multiple vac-
cines, involved MAGE A10, which may be more
suitable to moderately or poorly differentiated
disease of NSCLC.

There is no difference between patients
received adjuvant chemotherapy or not, but
subgroup analysis showed that patients with
CD133+NY-ESO-1+ expression who received
chemotherapy will survive longer than not
receive adjuvant chemotherapy, which implies
that if immunotherapy are given to patients
with NY-ESO-1 positive expression who unwill-
ing to receive chemotherapy or unsuitable to
chemotherapy, they may survive longer. This
information is of critical relevance in the selec-
tion of patients potentially eligible for receiving
adjuvant chemotherapy and for the monitoring
of their effectiveness [27, 28].

Multivariate COX regression analysis showed
that stage, CD133, CD133-MAGEA4- and
CD133-NY-ESO-1- are independent prognostic
factors. There are different opinions about the
CTAs and the prognosis, majority studies
showed that MAGE A4 is the prognostic factors
of NSCLC [29-36]. This may related with the
regulation mechanisms of the CTA. This finding,
together with the inclination of global hypo-
methylation in cancer, suggests CPG island
hypomethylation at the promoter regions as the
likely mechanism for transcriptional activation
of CT genes in cancer.
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To evaluate CT antigens as therapeutic cancer
vaccine targets, multiple clinical trials have
been carried out, in melanoma, ovarian, pros-
tate, esophagus and bladder cancers, but not
in lung cancer. MAGE-A3 recombination protein
phase I/l trial was administered to NSCLC
patients, for which an improvement of disease-
free survival was observed at the interim analy-
sis. Our results also showed the three CTAs are
expressed in NSCLC, and the expression differ-
ent in different histology type. The multiple vac-
cines will play an important role in the treat-
ment of NSCLC. Currently, studies of CSC and
CTAs expressions in NSCLC are at both gene
and protein level. Investment focus on the
expression mechanism and biologic behavior
will be conducted in the coming future. It is
tempting to speculate that a multiple CTA
recombination vaccine might prove useful in
the implementation of clinical effective antigen
specific immunotherapy in NSCLC. Together,
the reported results provide guidance for the
design of combination therapies in patients
with NSCLC.
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