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Abstract: Background: Current histopathological classification and TNM staging have limited accuracy in predicting 
survival and stratifying patients for appropriate treatment. The goal of the study is to determine whether the expres-
sion pattern of functionally important regulatory proteins can add additional values for more accurate classification 
and prognostication of non-small lung cancer (NSCLC). Methods: The expression of 108 proteins and phosphopro-
teins in 30 paired NSCLC samples were assessed using Protein Pathway Array (PPA). The differentially expressed 
proteins were further confirmed using a tissue microarray (TMA) containing 94 NSCLC samples and were correlated 
with clinical data and survival. Results: Twelve of 108 proteins (p-CREB(Ser133), p-ERK1/2(Thr202/Tyr204), Cyclin 
B1, p-PDK1(Ser241), CDK4, CDK2, HSP90, CDC2p34, β-catenin, EGFR, XIAP and PCNA) were selected to build the 
predictor to classify normal and tumor samples with 97% accuracy. Five proteins (CDC2p34, HSP90, XIAP, CDK4 and 
CREB) were confirmed to be differentially expressed between NSCLC (n=94) and benign lung tumor (n=19). Over-
expression of CDK4 and HSP90 in tumors correlated with a favorable overall survival in all NSCLC patients and the 
over-expression of p-CREB(Ser133) and CREB in NSCLC correlated with a favorable survival in smokers and those 
with squamous cell carcinoma, respectively. Finally, the four proteins (CDK4, HSP90, p-CREB and CREB) were used 
to calculate the risk score of each individual patient with NSCLC to predict survival. Conclusion: In summary, our 
data demonstrated a broad disturbance of functionally important regulatory proteins in NSCLC and some of these 
can be selected as clinically useful biomarkers for diagnosis, classification and prognosis.
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Background

Lung cancer is the leading cause of cancer-
related mortality in both men and women 
worldwide, and is expected to account for 26% 
of all female cancer deaths and 28% of all male 
cancer deaths in the United States in 2013 [1]. 
Lung cancer can be classified into 4 major his-
tological types, including adenocarcinoma, 
squamous carcinoma, large cell carcinoma, 
and small cell carcinoma. The first 3 types are 
collectively called Non-Small Cell Lung Cancer 
(NSCLC), which accounts for about 85% of lung 
cancer. Despite significant advancement in 
diagnostic tests, surgical techniques and thera-
peutic agents, the overall 5-year survival is only 

12-16% [2, 3]. The mortality rate is high because 
approximately two thirds of patients are diag-
nosed at an advanced stage, for which curative 
treatment is not available. Although patients 
diagnosed with early-stage NSCLC have an 
overall 5-year survival rate of 63%, nearly 35% 
will relapse after surgical resection [4, 5]. 
Therefore, identification of biomarkers for early 
diagnosis, accurate prognosis, and reliable pre-
diction of treatment response has become an 
urgent task.

In the past years, the molecular mechanisms 
responsible for lung cancer development have 
been extensively studied [6-8]. However, the 
biomarkers for early diagnosis, therapeutic 
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response prediction and survival prognosis are 
still limited due to lack of understanding about 
the multifactorial process of lung carcinogene-
sis and the heterogeneous nature of the dis-
ease. The most important clinical prognostic 
marker in NSCLC is stage [9]. Molecular prog-
nostic markers that have been studied in 
NSCLC include mutations in EGFR, k-ras, and 
p53 [10, 11] and mRNA expression levels of 
ERCC1, Bcl-2, and c-erbB-2 [12, 13]. Also, the 
extensive genomic studies of lung cancer dem-
onstrated the ability of mRNA-based gene 
expression profiles to predict survival in NSCLC 
[14, 15]. To date, however, very few prognostic 
protein markers have been accepted for rou-
tine clinical use.

Unlike genomic studies, where individual 
changes may not have functional significance, 
protein expression is closely aligned with cellu-
lar function and activity. The proteomic profiling 
of functionally important regulatory proteins in 
cancer cells may shed light on the molecular 
mechanisms of cancer development and 
metastasis. We recently developed a powerful 
Protein Pathway Array (PPA) analysis [16-19] 
that allows for the identification of important, 
but low abundance, proteins and phosphopro-
teins in NSCLC. The proteins included in the 
PPA analysis are important in carcinogenesis, 
including cell cycle regulation and proliferation, 
adhesion, migration, invasion, metastasis and 
angiogenesis [16-19].

In this study, the PPA analysis was used to eval-
uate 108 functionally important proteins and 
phosphoproteins and identified a robust set of 
proteins that are differentially expressed in 
NSCLC. The changes of these proteins were fur-
ther confirmed in an independent NSCLC cohort 
using Tissue Microarray (TMA) and demonstrat-
ed the correlations of these proteins with clini-
cal outcomes. These proteins may serve as 
diagnostic and prognostic markers for NSCLC.

Materials and methods

Tissue specimens and patient characteristics

For Protein Pathway Array analysis (training 
cohort), a total of 30 fresh frozen tumor speci-
mens along with 30 adjacent normal lung tis-
sues (at least 1 cm away from tumor tissue) 
(Table 1) were obtained during surgical resec-
tion from patients with primary non-small cell 

lung cancer at The First Hospital of Jilin 
University, Changchun, China, between May 
2008 and May 2010. These 30 pairs of NSCLC 
specimens were used to identify differentially 
expressed proteins between NSCLC and nor-
mal lung tissues. For Tissue Microarray Analysis 
(TMA) (validation cohort), 94 formalin-fixed par-
affin-embedded NSCLC specimens (Table 1) as 
well as 19 benign lung tumors were retrieved 
from the archives of the Department of 
Pathology at the First Hospital of Jilin University 
between January 2006 and December 2009. 
The tissue samples were from 94 NSCLC 
patients who did not receive preoperative che-
motherapy. Data concerning clinicopathologi-
cal characteristics, including age, gender, 
smoking history (smokers or nonsmokers), 
pathologic TNM stage and histologic subtypes 
(adenocarcinoma or squamous-cell carcinoma) 
were obtained via medical record review. 
Patients who smoked at least 20 packs/year 
[20] were defined to be smokers. The pathologi-
cal TNM stage was determined according to the 
International Union Against Cancer classifica-
tion scheme [21]. This study was reviewed and 
approved by the Institutional Ethical Review 
Boards of the First Hospital of Jilin University, 
and written informed consent for research use 
of specimens was obtained from all patients.

Protein pathway array analysis

Total proteins were extracted from 30 paired 
fresh frozen NSCLC tumor tissues and the sur-
rounding non-tumor tissues using 1×cell lysis 
buffer (Cell Signaling Technology, Danvers, MA) 
containing 20 mM Tris-HCL (pH 7.5), 150 mM 
NaCl, 1 mM Na2EDTA, 1 mM EGTA, 1% Triton 
X-100, 2.5 mM sodium pyrophosphate, 1 mM 
β-glycerophosphate, 1 mM Na3VO4, and 1 μg/
ml leupeptin in the presence of 1×proteinase 
inhibitor cocktail (Roche Applied Science, 
Indianapolis, IN) and 1×phosphatase inhibitor 
cocktail (Roche Applied Science, Indianapolis, 
IN). The lysate was sonicated three times for 15 
seconds each time, and then centrifuged at 
14,000 rpm for 30 minutes at 4°C. The protein 
concentration was determined with the BCA 
Protein Assay kit (PIERCE, Rockford, IL). Three 
hundred µg of lysated protein was loaded in 
one well across the entire width of 10% SDS 
polyacrylamide and separated by electrophore-
sis as described previously [16-19]. After elec-
trophoresis, the proteins were transferred to a 
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nitrocellulose membrane (Bio-rad, Hercules, 
CA) which was then blocked for 1 hour with 
blocking buffer including either 5% milk or 3% 
BSA in 1×TBST containing 20 mM Tris-HCl (pH 
7.5), 100 mM NaCl and 0.1% Tween-20. Next, 
the membrane was clamped on a Western blot-
ting manifold (Mini-PROTEAN II Multiscreen 
apparatus, Bio-Rad, Hercules, CA) that isolates 
20 channels across the membrane. The multi-
plex immunoblot was performed using a total of 
108 protein-specific or phosphorylation site-
specific antibodies (An additional table file 
shows this in more detail [see Table S1]). Three 

sets of antibodies (a total of 36 protein-specific 
or phosphorylation site-specific antibodies per 
set) were individually used for each membrane 
and all antibodies (from various companies) 
were validated independently before inclusion 
in PPA. For the first set of 36 primary antibod-
ies, a mixture of two antibodies in the blocking 
buffer were added to each channel and then 
incubated at 4°C overnight. The membrane 
was then washed with 1×TBS and 1×TBST, and 
was further incubated with secondary anti-rab-
bit or anti-mouse antibody conjugated with 
horseradish peroxidase (Bio-rad, Hercules, CA) 
for 1 hour at room temperature. The membrane 
was developed with chemiluminescence sub-
strate (Immun-StarTM HRP Peroxide Buffer/
Immun-StarTM HRP Luminol Enhancer, Bio-rad, 
Hercules, CA), and chemiluminescent signals 
were captured using the ChemiDoc XRS System 
(Bio-rad, Hercules, CA). The same membrane 
was then treated with stripping buffer (RestoreTM 
Western blot stripping buffer, Thermo Scientific, 
Rockford, IL) and used to detect a second set 
of 36 primary antibodies as described above.

For PPA data analysis, the correct band of each 
protein was identified visually and the signal 
intensity of each protein was determined by 
densitometric scanning (Quantity One software 
package, Bio-rad). The background was locally 
subtracted from raw protein signal and the 
background-subtracted intensity was normal-
ized by a “global median subtraction” normal-
ization method to reduce the variations arising 
from different runs (such as transferring and 
blotting efficiency, total protein loading amount, 
and exposure density). In detail, each protein 
signal intensity was divided by the total intensi-
ties of all proteins in the same blot membrane, 
and then multiplied by average intensities of 
each protein in all samples. The normalized 
data were used in subsequent statistical ana- 
lysis. 

Tissue microarray and immunohistochemical 
staining

H&E stained slides of all cases were reviewed 
by a pathologist (Y. Wang) and 94 NSCLC FFPE 
blocks along with 19 benign tumor FFPE blocks 
were selected. For each tumor, an area with 
minimal necrosis was marked and two repre-
sentative tissue cores (1.0 mm diameter each) 
were punched from each block. The TMA was 
constructed and stained at Shanghai Biochip 

Table 1. Characteristics of NSCLC patients
Clinicopathological Patient number (%)

Characteristics
PPA TMA

(n=30) (n=94)
Age 
    ≤60 yr 21 (70) 46 (49)
    >60 yr 9 (30) 48 (51)
Sex
    Male 19 (63) 70 (74)
    Female 11 (37) 24 (26)
Smoking
    Yes 18 (60) 61 (65)
    No 12 (40) 33 (35)
Pathological TNM stage
    Stage I 13 (43) 42 (45)
    Stage II 8 (27) 26 (28)
    Stage III 8 (27) 26 (28)
    Stage IV 1 (3) 0 (0)
Tumor
    T1 5 (17) 3 (3)
    T2 19 (63) 67 (71)
    T3 0 ( 0 ) 17 (18)
    T4 6 (20) 7 (7)
Node status
    N0 16 (53) 50 (53)
    N1 11 (37) 29 (31)
    N2 3 (10) 15 (16)
Distant Metastasis
    M0 29 (97) 94 (100)
    M1 1 (3) 0 (0)
Histologic type
    Squamous cell 18 (60) 57 (61)
    carcinoma
    Adenocarcinoma 12 (40) 37 (39)
Note: PPA, Protein Pathway Array; TMA, Tissue Microar-
ray.
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Company (Shanghai, China). Immunohisto- 
chemical staining was performed using a stan-
dard two-step indirect immunohistochemistry 
protocol [22]. Antibodies for p-CREB(Ser133) 
(1:50 dilution) and CREB (1:150 dilution) were 
purchased from Cell Signaling Technology 
(Danvers, MA). Antibodies for CDK4 (1:800 dilu-
tion), XIAP (1:400 dilution), CDC2p34 (1:1000 
dilution), and HSP90 (1:1600 dilution) were 
obtained from Santa Cruz Biotechnology (Santa 
Cruz, CA). The immunohistochemical staining 
pattern of each antibody were reviewed by D. 
Zhang and a final histochemical score (H-score) 
was calculated as the product of staining inten-
sities (0-3) and percentage of stained cells 
(0-100%) [23, 24]. In this study, high expression 
for CDC2p34, HSP90, XIAP, and CDK4 was 
defined when the H-score was greater than 70, 
70, 100, and 90, respectively. However, low 
expression for p-CREB(Ser133) or CREB was 
defined when H-score was less than 20.

Statistical analysis

Paired t-test and Significant Analysis of Mic- 
roarray (SAM) tool (http://www-stat.srd.edu/~ti- 
bs/SAM/) were used to identify the proteins dif-
ferentially expressed between normal and 
tumor tissues. The leave-one-out cross-valida-
tion approach (LOOCV), including k-nearest 
neighbor (k=3) and support vector machine 
(SVM), was used to select proteins that can 
accurately classify tumor and benign tissues 
(http://linus.nci.nih.gov/BRB-ArrayTools.html) 
[25]. Chi-square test and Fisher’s exact test 
were used to determine the association of 
expression of proteins with clinical parameters 
such as age, sex, smoking history, tumor stage, 
tumor size, and histology subtype. The Kaplan-
Meier and the Cox proportional hazard regres-
sion were used for survival analysis. All statisti-
cal analyses, except SAM and LOOCV, were 
performed using SPSS version 17.0. Statistical 
significance was determined based on a two-
sided significance level of 0.05.

Results

Clinicopathological characteristics of the pa-
tient cohorts

Two cohorts of lung cancer patients were inclu- 
ded in this study: the Protein Pathway Array 
(PPA) cohort (training set) and the Tissue 
Microarray (TMA) cohort (validation set). The 
demographic and clinicopathological charac-

teristics were summarized in Table 1. The medi-
an age of the patients in the PPA cohort was 58 
years (ranged from 23 to 76) and 63% of the 
patients were men; while the median age of the 
patients in the TMA cohort was 60 years 
(ranged from 35 to 77) and 74% of the patients 
were men. The median follow-up for the TMA 
cohort was 51 months (ranged from 7 to 122 
months, started from the day of diagnosis). The 
overall survival rate during follow-up period was 
40.4% (38/94) and the 1-year, 3-year, and 
5-year survival rates were 90%, 60%, and 44%, 
respectively.

Identification of differentially expressed pro-
teins and phosphoproteins between tumor and 
normal tissues

Thirty pairs of NSCLC and surrounding normal 
tissues were initially used to screen the differ-
entially expressed proteins using PPA (An addi-
tional figure file shows this in more detail [see 
Figure S1]). Among 108 proteins and phospho-
proteins tested, 51 were detected in either 
tumors or normal tissues (An additional table 
file shows this in more detail [see Table S1]). Of 
these proteins, 21 showed significant differ-
ences between tumors and corresponding nor-
mal tissues using paired t-test (p<0.05) (Figure 
1) and SAM (q<0.05). Fourteen proteins and 
phosphoproteins were predominantly over-
expressed in the tumor tissues, including 
CDC2p34, HSP90, PCNA, p-PDK1(Ser241), 
XIAP, β-catenin, EGFR, CDK2, CDK4, 
p-CDC2p34(Tyr15), p53, 14-3-3-β, Notch4, 
and p-p38(Thr180/Tyr182) (ranked by p-value; 
from lowest to highest), and 7 were predomi-
nantly down-regulated in tumors, inclu- 
ding Cyclin B1, p-CREB(Ser133), p-ERK1/ 
2(Thr202/Tyr204), ERK1/2, NFKB p50, CDC- 
25C, and BCL-6 (ranked by p-value; from lowest 
to highest) (Figure 1). The ratios of the average 
expression level of each protein between tu- 
mors and normal tissues ranged from 9.01 fold 
(p-CDC2p34(Tyr15)) to 1.50 fold (p-p38(Th- 
r180/Tyr182)) (Figure 1). The percentage of the 
proteins with increased or decreased expres-
sion (>1.5 fold) among 30 NSCLC tumors was 
ranged from 17.2 to 89.7% and 20.7 to 65.5%, 
respectively. The top five proteins with inc- 
reased expression in 30 tumors were CDC2p34 
(89.7%), HSP90 (86.2%), p-PDK1(Ser241) 
(75.9%), β-catenin (72.4%), and PCNA (69%). 
The top 5 proteins with decreased expression 
in 30 tumors were Cyclin B1 (72.4%), p-ER- 
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K1/2(Thr202/Tyr204) (65.6%), p-CREB(Se- 
r133) (58.6%), ERK1/2 (55.2%), and NFKB p50 
(48.3%).

To obtain an optimal number of proteins for the 
accurate classification of tumor and normal, a 
supervised leave-one-out cross-validation 
using two class prediction models including a 
support vector machine (SVM) and 3-nearest 
neighbor (3NN) algorithms was performed with 
significance level between the two classes at 
p<0.001. Twelve proteins (p-CREB(Ser133), 
p-ERK1/2(Thr202/Tyr204), Cyclin B1, p-PDK- 
1(Ser241), CDK4, CDK2, HSP90, CDC2p34, 
β-catenin, EGFR, XIAP, and PCNA) were chosen 
to build SVM and 3NN predictor models with a 
cross-validation accuracy of 97%. The results 
showed that these predictor proteins including 
3 down-regulated proteins (p-CREB(Ser133), 
p-ERK1/2(Thr202/Tyr204) and Cyclin B1) and 
9 up-regulated proteins (p-PDK1(Ser241), 
CDK2, CDK4, HSP90, CDC2p34, β-catenin, 
EGFR, XIAP, and PCNA) in tumors can success-
fully distinguish between tumor and normal 
tissues.

Verification of the significant predictor protein 
expression in NSCLC using tissue microarray

To validate the PPA results, we selected 5 pro-
teins (out of 12) to assess their expression pat-

terns on a TMA. These proteins were selected 
based on the following criteria: 1) top ranked 
p-values based on t-test, 2) more than two-fold 
change in the expression level between cancer 
and normal tissues based on PPA, 3) involved 
in different, but important, regulatory path-
ways. CDC2p34 (p=2.43E-09) was increa- 
sed 8.04 fold in cancer and is involved in cell 
progression from G2 to M phase. HSP90 
(p=4.15E-08) was increased 4.02 fold in can-
cer and is involved in stress-related signaling 
pathway. Phosphorylated CREB (p=7.04E-06) 
was decreased 2.91 fold in cancer and is 
involved in CREB pathway. In addition, non-
phosphorylated CREB was also assessed. XIAP 
(p=1.41E-04) was increased 2.83 fold in can-
cer and inhibits apoptosis. CDK4 (p=1.83E-03) 
was increased 2.45 fold in cancer and pro-
motes G1-S phase progression. Immuno- 
histochemical staining was performed on 94 
NSCLC samples and scored based on the per-
centage and intensity of immunopositivity. 
Figure 2 showed that CDC2p34, HSP90, XIAP, 
and CDK4 were localized to the cytoplasm, and 
p-CREB and CREB to the nucleus. H-scores 
(mean score+1SD) were determined for CDC- 
2p34 (117+78), HSP90 (108+64), XIAP 
(115+55), CDK4 (119+70), p-CREB(Ser133) 
(76+92) and CREB (56+71). The percentage of 
cancer samples with high expression (CDC2- 
p34=68.1%, HSP90=84.0%, XIAP=41.5%, and 

Figure 1. The differentially expressed proteins and phosphoproteins. A total of 21 proteins (14 up-regulated and 7 
down-regulated) was considered significant in their expression between tumor and normal tissues. The expression 
difference for each protein was significant when the average fold difference was >1.5 folds between tumors and 
normal tissues and statistical significance was p<0.05. 
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Figure 2. Representative images of immunohistochemical staining of TMA. A. NSCLC (Squamous cell carcinoma) 
(n=94). B. Benign lung tumor (hamartoma) (n=19). IHC included CDC2p34, CDK4, HSP90, XIAP and CREB.

CDK4=53.2%) was similar to that obser- 
ved in PPA (CDC2p34=89.7%, HSP90=86.2%, 
XIAP=51.7%, and CDK4=55.2%) (An additional 
figure file shows this in more detail [see Figure 
S2]). The percentage of cancer samples with 
low expression of p-CREB(Ser133) in TMA 

(45.7%) was compatible with those by PPA 
(58.6%) (An additional figure file shows this in 
more detail [see Figure S2]). These data sug-
gested an accurate quantification of protein 
expression by PPA, and its consistency with the 
TMA results. 
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In order to determine whether the changes of 
these proteins are specific for NSCLC, 19 
benign lung tumors, including inflammatory 
psuedotumor, hamartoma, lymphangiomyoma 
and sclerosing hemangioma, were included in 
the TMA. Five antibodies (CDC2p34, HSP90, 
XIAP, CDK4 and CREB) did not stain or weakly 
stained in benign tumors (Figure 2B) and the 
differences between NSCLCs and benign 
tumors were significant (p<0.05) (Table S2). 
However, there was a higher positive rate for 
p-CREB(Ser133) in benign tumors with p=0.166 
between NSCLC and benign tumors (An addi-
tional table file shows this in more detail [see 
Table S2]). The results suggest that these pro-
tein, except for p-CREB(Ser133), are relatively 
specific for NSCLC (An additional table file 
shows this in more detail [see Table S2]).

Correlation between the protein expression 
status and clinicopathological variables and 
overall survivals

The potential correlation between the immuno-
phenotypes and clinical parameters including 
gender, age, smoking history, histology sub-
types, pathological stages, tumor size (T), and 
node status (N) was assessed (Table 2). The 
high expression of CDK4 was significantly cor-
related with male gender (p=0.001). Both CREB 
and CDK4 expressions were increased in 
NSCLC with a smoking history (p=0.038 and 

p=0.016, respectively). The high expressions of 
CDC2p34, CREB, CDK4, and XIAP were more 
frequently observed in squamous cell carcino-
ma than in adenocarcinoma (p=0.001, 
p=0.033, p=0.014, and p=0.02, respectively). 
The high expression of CREB showed a stronger 
association with early stage tumor (I-II) than 
with advanced stage tumor (III) (p=0.040), and 
the high expression of CDC2p34 showed a 
stronger association with node-positive tumors 
than in node-negative tumors (p=0.05). No sig-
nificant correlations were observed between 
the protein expression and age and tumor size.

The relationship between the protein expres-
sion and overall survival of 94 NSCLC patients 
was examined. For this analysis, the expression 
levels of each protein, including CDC2p34, 
HSP90, XIAP, CDK4, p-CREB(Ser133), and 
CREB, were divided into two groups, i.e. low and 
high expression based on the H-scores (see 
Materials and Methods section). Among these 
6 proteins, only CDK4 and HSP90 showed sig-
nificant correlation with overall survival rate in 
NSCLC patients: high expression of CDK4 and 
HSP90 in NSCLC correlated with a favorable 
overall survival (log-rank p=0.007 and p=0.040, 
respectively) (Figure 3A and 3B). Based on the 
univariate Cox regression analysis, hazard ratio 
for CDK4 was 0.488 (95% CI=0.286~0.834, 
p=0.009), and for HSP90 was 0.506 (95% 
CI=0.260~0.984, p=0.045). 

Table 2. Correlation between clinicopathologic data and the level of protein expression
Clinical Data CDC2 p34 HSP90 p-CREB CREB XIAP CDK4
Gender Male

p=0.090 p=0.592 p=0.642 p=0.904 p=0.156 p=0.001**

Female

Age ≥60 y
p=0.485 p=0.858 p=0.439 p=0.650 p=0.728 p=0.464

<60 y
Smoking Yes

p=0.253 p=0.875 p=0.695 p=0.038* p=0.458 p=0.016*

No
Histology Squamous-Cell Carcinoma

p=0.001** p=0.379 p=0.157 p=0.033* p=0.020* p=0.014*

Adenocarcinoma
Stage Stage I-II

p=0.256 p=0.592 p=0.330 p=0.040* p=0.921 p=0.191
Stage III

T T1-2
p=0.738 p=0.912 p=0.151 p=0.904 p=0.327 p=0.717

T3-4
N N0

p=0.050* p=0.520 p=0.891 p=0.094 p=0.233 p=0.717
N1-2

Note: Chi-square test was performed to determine the association of expression of each protein with the clinical parameters 
(*p<0.05, **p<0.01).
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Figure 3. Kaplan-Meier survival analysis of patients with NSCLC based on the four protein expression levels. The 
overall survival of the patients with NSCLC (n=94) was better in the group with high level expression of CDK4 (A) 
or HSP90 (B). (C) Increased p-CREB in patients with smoking history (n=61) associated a favorable prognosis. (D) 
Increased p-CREB in patients with squamous cell carcinoma (n=57) associated a favorable prognosis. p values were 
determined by log-rank test.

Because many clinical variables, such as gen-
der, age, smoking history, histology subtypes, 
stage, tumor size, and lymph node metastasis 
may affect patients’ survival, multivariate anal-
yses using a Cox regression model were per-
formed for CDK4 and HSP90. After adjusting 
for the above clinical variables, the hazard 
ratios of CDK4 or HSP90 expression remains 
statistically significant (p=0.028 and p=0.031, 
respectively) (Table 3), suggesting that CDK4 
and HSP90 were independent prognostic fac-
tors. No overall correlation between other pro-
teins (CDC2p34, XIAP, p-CREB(Ser133) and 
CREB) with the risk of death was observed 

(data not shown). However, high expression of 
p-CREB(Ser133) was associated with a favor-
able prognosis in those with smoking history 
(p=0.041, Figure 3C) and high expression of 
CREB was associated with a favorable progno-
sis in those with squamous cell carcinoma 
(p=0.03, Figure 3D).

In order to improve the prognostic capability, a 
patient’s risk score was calculated as the prod-
uct of the H-score of each protein and its cor-
responding coefficient (Figure 4A). The coe- 
fficient of each protein (CDK4=-0.717, HSP90=-
0.681, p-CREB=-0.356 and CREB=-0.318) was 
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Figure 4. Kaplan-Meier survival analysis of patients with NSCLC based on the risk scores. A. The cases (n=94) were 
ranked according to the risk scores calculated based on the expression level of CDK4, HSP90, p-CREB and CREB in 
each sample. The line divided the cases into low and high risk groups. B. The overall survival of all NSCLC patients 
(n=94) was different in high and low risk groups as shown in A. C. The overall survival of the patients with stage II-III 
NSCLC (n=52) was different based on their risk scores. p values were determined by log-rank test.

determined based on the univariate Cox regres-
sion analysis. These 4 proteins were chosen 
because they were significantly correlated with 
patients’ survival either in all or in a subset of 
NSCLC patients. To avoid the effect of extreme 
values, the 50th percentile (median) was cho-
sen to separate the patients into two groups: 
high-risk score group (-202.47 to 0) and low risk 
score group (-471.63 to -202.48) (Figure 4A). 
The results showed that the patients with high-
risk scores had a shorter median overall sur-
vival than those with low-risk scores (35 months 
vs. 66 months, p=0.011 by log-rank test) 
(Figure 4B). In order to eliminate the confound-
ing effect of stages, the survival rate of patients 
with stage II-III cancer was analyzed using risk 

scores (Figure 4C). Our results showed that the 
high risk group (risk score -191.69 to -35.04) 
had an unfavorable prognosis as compared 
with low risk group (risk score -463.85 to 
-192.13) (Figure 4C). These data suggest that a 
risk score based on expression level CDK4, 
HSP90, p-CREB, and CREB can be used to 
stratify patients with NSCLC.

Discussion

Major efforts have been made to develop 
molecular signature-based tests to comple-
ment the traditional histopathological diagno-
sis and prognosis in lung cancer and also to 
understand the biology of lung cancer at a 
molecular level. Currently, the majority of 
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molecular signatures for lung cancer have been 
derived from gene expression microarray [6, 
26-28]. However, we take a different approach 
to identification of protein signatures with a 
focus on regulatory proteins using novel Protein 
Pathway Array technology [16-19]. Our hypoth-
esis is that the changes at the genetic and epi-
genetic levels in cancer cells will affect the 
expression and activation of regulatory proteins 
and signal transduction pathways, which ulti-
mately control the cancer cell proliferation, 
invasion, and metastasis. Therefore, the pat-
tern of regulatory protein expression and phos-
phorylation can serve as protein signatures to 
predict different phenotypes of lung cancer.

In this study, we assessed the expression of 
108 proteins and phosphoproteins in NSCLC 
and compared with those expressed in adja-
cent normal tissues using PPA. Among these, 
51 (47%) were detected, 21 (19%) were differ-
entially expressed and 12 (11%) could distin-
guish tumors from normal tissues (see Table S1 
and Figure 1). These differentially-expressed 
proteins in NSCLC are important in diverse cel-
lular processes, including cell cycle regulation, 
cell proliferation, DNA replication and repair, 
cell death. Specifically, 7 were related to signal-
ing pathways (p-PDK1, p-ERK1/2, ERK1/2, 
β-catenin, HSP90, p-p38, Notch4), 8 were 
involved in controlling cell cycle (CDC2p34, 
p-CDC2p34, Cyclin B1, PCNA, CDK2, CDK4, 
14-3-3β and CDC25C), one was a membrane 
receptor (EGFR), 3 were related apoptosis 
(XIAP, BCL-6 and p53) and 2 were transcript 

factors (p-CREB and NFKB p50). Based on 
Ingenuity Pathway Analysis (IPA) (www.
Ingenuity.com) of our data, which utilizes a 
knowledge-based database, the top 6 canoni-
cal pathways dysregulated in NSCLC are ATM 
signaling (p=3.981E-11), PI3K/AKT signaling 
(p=6.31E-9), p53 signaling (p=1.122E-7), PTEN 
signaling (p=2.138E-4), ERK/MAPK signaling 
(p=1.585E-3), and EGF signaling (p=1.262E-3). 
These results suggest that the dysregulation of 
these proteins in NSCLC lead to increased pro-
liferation and survival as well as reduced ability 
of cell death, a hallmark of malignancy.

The dysregulation of some of these proteins, 
including EGFR signaling pathway (EGFR and 
ERK1/2) [29, 30], proliferation marker PCNA 
[31], β-catenin [32], tumor surpressor p53 [33], 
cell cycle protein Cyclin B1 [34], CDK4 [35] and 
cyclin dependent kinases CDC2p34 [36], anti-
apoptosis protein XIAP [37], and transcription 
factor phosphorylated-cyclic AMP response 
element-binding protein (p-CREB) [38] was 
reported previously in NSCLC. However, the 
dysregulated expression of heat shock protein 
90 (HSP90) and protein kinase p-PDK1 in 
NSCLC was discovered for the first time by our 
PPA study in human NSCLC tissues. The differ-
ential expression of CDC2p34, HSP90, p-CREB, 
XIAP, and CDK4 in NSCLC was further con-
firmed by TMA assay and the percentage of 
these proteins expressed in NSCLC was very 
similar between PPA and TMA (An additional 
table file shows this in more detail [see Figure 
S2]). Interestingly, we observed that dysregula-
tion of any given protein does not occur in all 
NSCLC. For example, about 89.7% of NSCLC 
exhibited an increased expression of CDC2p34 
and 58.6% of NSCLC had a decreased expres-
sion of p-CREB (An additional table file shows 
this in more detail [see Figure S2]). These 
results suggest that a great heterogeneity 
exists in NSCLC and no single pathway can 
account for the cause of NSCLC.

It is of clinical significance that some of the pro-
teins identified in our study are relatively spe-
cific for malignant tumors (An additional table 
file shows this in more detail [see Table S2]), 
suggesting that the mechanisms of develop-
ment of malignant and benign tumors are dif-
ferent. Our TMA results showed that 4 of 6 pro-
teins including CDC2p34, HSP90, XIAP and 
CDK4 were over-expressed predominantly in 

Table 3. Hazard ratios of overall survival 
based on multivariate Cox regression analysis

Clinical Data p value HR
95.0% CI for HR
Lower Upper

Age 0.304 0.730 0.401 1.329
Gender 0.940 0.971 0.456 2.070
Histology 0.969 1.013 0.532 1.927
Stage 0.022* 1.618 1.071 2.443
T 0.861 1.069 0.510 2.240
N 0.036* 2.216 1.053 4.666
Smoking History 0.127 0.559 0.265 1.180
HSP90 0.031* 0.452 0.219 0.932
CDK4 0.028* 0.477 0.246 0.925
Note:  multivariate Cox regression analysis was per-
formed against each of the variables. HR: hazard ratio. 
95% CI: 95% confidence interval. *p<0.05.
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NSCLC. These proteins may be used to differ-
entiate malignant lung cancers from benign 
processes, which sometimes can be very chal-
lenging to distinguish at a histological level. 
These proteins are also associated with several 
malignant behaviors including invasion (over-
expression of CREB in early stage tumors) and 
lymph node metastasis (over-expression of 
CDC2p34 in lymph node positive tumor cells), 
as well as squamous differentiation (over-
expression of CDC2p34, CREB, XIAP and CDK4 
in squamous carcinoma cell) (Table 2). CREB is 
a member of a leucine zipper class of transcrip-
tion factors that binds to cAMP-response ele-
ments (CREs) found within the promoter and 
enhancer regions of hundreds of genes.  CREB 
regulates the expression of genes that sup-
press apoptosis, induce cell proliferation, and 
mediate inflammation and tumor metastasis.  
The roles of the protein in tumor development 
and progression have been previously reported 
[39-41]. For example, the expression of CREB 
in breast cells increases during their develop-
ment and the CREB upregulation plays an 
important role in multiple steps of bone metas-
tasis [41]. Furthermore, CREB over-expression 
in bone marrow was associated with an unfa-
vorable prognosis in AML patients compared to 
those without over-expression [40]. More inter-
estingly, the expression levels of CREB and 
p-CREB were significantly higher in the lung 
squamous cell carcinoma than in the adenocar-
cinoma [38], which is consistent with our find-
ing (Table 2). CDC2p34 (cell division control 
protein 2 homolog), also known as CDK1 (cyclin 
dependent kinase 1), is a cyclin-dependent ser-
ine/threonine kinase that phosphorylates many 
proteins. CDC2p34 is a key player in regulating 
cell cycle progression through the G1-S and 
G2-M checkpoints. Increased expression of 
CDC2p34 has been associated with leiomyo-
sarcoma of the uterus [42], neoplastic squa-
mous epithelium of the cervix [43], and hepato-
cellular carcinoma [44]. Recent studies indicate 
that over-expression of CDC2p34 is associated 
with lymph node metastasis of breast [45], 
colon [46] and endometrial cancers [47]. It is 
interesting to note that both CREB and CDK4 
are associated with smokers, suggesting the 
activation of these pathways by carcinogens in 
cigarettes (Table 2). Furthermore, unfavorable 
prognosis was observed in smokers with lower 
level expression of p-CREB and in patients with 
lower level expression of CREB in squamous 
carcinoma (Figure 3C and 3D).

It is well known that the prognosis varies widely 
in NSCLC even among patients with similar clin-
ical and pathological features, suggesting that 
current staging systems for lung cancer that 
are based on clinical and pathological findings 
may have reached their limit of usefulness in 
predicting outcomes. Therefore, addition of 
molecular biomarkers may improve the accu-
racy of predicting patient survival. In this study, 
we demonstrated that the expression level of 
HSP90 and CDK4 are independent markers, 
together with TNM stage and lymph node sta-
tus, to predict the overall survival of NSCLC 
patients (Table 3). HSP90 (heat shock protein 
90) is a molecular chaperone and is significant-
ly increased in cells after stress, such as heat. 
It is involved in cell signaling and tumor growth 
by stabilizing some important signaling proteins 
including EGFR, VEGF, AKT, and mutant form of 
p53 [48]. HSP90 is overexpressed in many 
tumor types, including breast cancer, gastroin-
testinal stromal tumor (GIST), and esophageal 
carcinoma, making it an attractive therapeutic 
target [48]. CDK4 is a cyclin-dependent serine/
threonine-specific protein kinase and is critical 
in a cell cycle G1 phase progression via phos-
phorylation of retinoblastoma gene product 
(Rb). Previous reports demonstrated that the 
expression of HSP90 and CDK4 is associated 
with prognosis of many cancers. Increased 
HSP90 expression indicated a worse prognosis 
for patients with breast cancer [49], whereas 
loss of HSP90 expression predicted a poor clin-
ical outcome in patients with bladder carcino-
ma [50]. Moreover, in GIST HSP90 over-expres-
sion significantly correlated with poor clinical 
outcome [51]. Studies also demonstrated that 
CDK4 over-expression was associated with 
worse survival in patients with glioblastoma 
multiforme [52] and colorectal carcinoma [53] 
and lung cancer [35]. However, to our knowl-
edge, this is the first study demonstrating that 
HSP90 is dysregulated in NSCLC tissues and 
correlate significantly with patient survival. It is 
interesting to note that over-expression of 
HSP90 and CDK4 predicts different clinical out-
comes (i.e. favorable or unfavorable), depend-
ing on the types and histological origin of the 
cancers. These data suggest that HSP90 and 
CDK4 may play different roles in different can-
cers. In order to predict the risk of each patient, 
we further developed prognostic risk scores 
based on the combined expression level of 
CDK4, HSP90, p-CREB, and CREB. The lower 
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risk scores predict favorable prognosis for all 
stages of the patients. It is our hope that the 
risk score can be used for more accurate 
patient stratification for surgical and chemo-
therapeutic treatment in combination with TNM 
stage.

Conclusion

In conclusion, our data showed that there is a 
broad dysregulation of regulatory proteins in 
NSCLC, suggesting the important roles of these 
proteins in carcinogenesis. The altered expres-
sion of some of the proteins correlated with 
tumor stage and lymph node metastasis, while 
other proteins correlated with overall survival, 
indicating that different sets of regulatory pro-
teins associate with different tumor behaviors 
and clinical outcomes. Future study will be 
focused on understanding the roles of these 
proteins in controlling tumor behaviors and 
confirming the ability of these proteins to clas-
sify lung cancer and predict survival in a differ-
ent cohort of patients.
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Table S1. List of antibodies included in the Protein Pathway Array (Underlines indicate a detectable 
expression in NSCLC tissues) 
Angiogenesis: VEGFR, TGF-β, TNF-α, HIF-1α, HIF-2α, HIF-3α 
Apoptosis/Autophagy: Bax, BCL-2, BCL-6, cleaved caspase 3, XIAP, NFkB65, NFkB52, NFkB50, Survivin, 
Cytochrome C 
Signal transduction: ERK1/2, p-ERK1/2(Thr202/Tyr204), Akt, p-Akt(Ser473), p-HGFR(Y1234/Y1235), 
p-p38(Thr180/Tyr182), p-JNK(Thr183/Tyr185), FGFR, p-FGFR (Tyr653/654), p-VEGFR(Tyr951), cPKCα, 
p-PKCα(Ser657), p-PKCα/β(Thr638/641), p-PKCδ (Thr505), p-PTEN(Ser380), EGFR, p-EGFR(Tyr1068), 
p-EGFR(Tyr1148), Her2, p-Her2 (Tyr1221/1222), p-PDK1(Ser241), p-mTor(Ser2448), p-IKB(Ser32), p-c-
Kit(Tyr719), β-catenin, p-β-catenin(Ser33/37/Thr41), p-Stat3(Ser727), p-Stat5(Tyr694), p-Smad(Ser463/465), 
p-p70 S6 Kinase(Thr389), p-eIF4B(Ser422), p-ERK5(Thr218/Tyr220), p-p90RSK(Ser380), p-FLT3(Tyr 591), 
eIF4B, p-Survivin(Thr34), p-HGFR (Y1003), p-IGFR(Tyr1131/Tyr1146), p-c-Jun(Ser73), Notch4, Notch1
Oncoproteins/Suppressors: p21, p27, p16, p14, PTEN, p53, p-p53(Ser392), MDM2, c-Kit, WT1, SRC-1
Cell cycle: CDK2, CDK4, CDK6, CDC2p34, CDC25B, CDC25C, Cyclin B1, Cyclin D1, Cyclin E, Cdc42, Chk1, 
BRCA1, 14-3-3β, PCNA, Ki-67, Wee 1, p-RB(Ser780), p-RB(Ser807/811), p-CDC2(Tyr15)
Invasion/metastasis: COX-2, Osteopontin, HSP90, N-cadherin, E-cadherin
Transcription factor: c-Jun, ETS1, c-MYC, E2F-1, TERT, Gata1, p-CREB(Ser133), Trap, p300
Others: Vimentin, Mesothelin, Calretinin
Note: p-represents phosphorylation.

Figure S1. Representative images of Protein Pathway Array showing the expression and phosphorylation of different 
proteins. (A) Normal tissue and (B) NSCLC tissue.
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Figure S2. Comparison of percentages of protein expression in NSCLC as determined by PPA and TMA. The percent-
ages of CDC2p34, HSP90, p-CREB(Ser133), XIAP and CDK4 in NSCLCs were determined and overall, the expression 
percentages of these proteins between 2 platforms (PPA and TMA) were very similar.

Table S2. The comparison of protein expression between NSCLC and benign tumors

Tumor Types
CDC2 p34 HSP90 p-CREB

+ - p value + - p value + - p value
NSCLC 64 30

p=0.000**
79 15

p=0.000**
51 43

p=0.166
Benign Tumor 1 18 3 16 7 12

Tumor Types
CREB XIAP CDK4

+ - p value + - p value + - p value
NSCLC 46 48

p=0.026*
39 55

p=0.008**
50 44

p=0.003**

Benign Tumor 4 15 2 17 3 16
Note: Fisher’s exact test was performed to determine the significant difference of each protein between NSCLC and benign 
tumors (*p<0.05, **p<0.01).


