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Proteomic Analysis of Human Saliva From
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Lung cancer is often asymptomatic or causes only non-
specific symptoms in its early stages. Early detection rep-
resents one of the most promising approaches to reduce
the growing lung cancer burden. Human saliva is an at-
tractive diagnostic fluid because its collection is less in-
vasive than that of tissue or blood. Profiling of proteins in
saliva over the course of disease progression could reveal
potential biomarkers indicative of oral or systematic dis-
eases, which may be used extensively in future medical
diagnostics. There were 72 subjects enrolled in this study
for saliva sample collection according to the approved
protocol. Two-dimensional difference gel electrophoresis
combined with MS was the platform for salivary proteome
separation, quantification, and identification from two
pooled samples. Candidate proteomic biomarkers were
verified and prevalidated by using immunoassay methods.
There were 16 candidate protein biomarkers discovered
by two-dimensional difference gel electrophoresis and
MS. Three proteins were further verified in the discovery
sample set, prevalidation sample set, and lung cancer cell
lines. The discriminatory power of these candidate bio-
markers in lung cancer patients and healthy control sub-
jects can reach 88.5% sensitivity and 92.3% specificity
with AUC = 0.90. This preliminary data report demon-
strates that proteomic biomarkers are present in human
saliva when people develop lung cancer. The discrimina-
tory power of these candidate biomarkers indicate that a
simple saliva test might be established for lung cancer
clinical screening and detection. Molecular & Cellular
Proteomics 11: 10.1074/mcp.M111.012112, 1-12, 2012.

Lung cancer has long been a significant worldwide public
health issue. In the United States, lung cancer is the most
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common cause of cancer-related death in men and women.
According to the American Cancer Society, the major type of
lung cancer is non-small-cell lung cancer (NSCLC)', which
comprises ~85% of lung cancers (1, 2). Small cell lung cancer
(SCLC) is another type of lung cancer, which represents about
15% of cases (3). Cigarette smoking causes lung cancer,
which is by far the major risk factor (4, 5, 6). Lung cancer has
a high mortality rate among malignancies, in part because
symptoms are frequently absent until disease is already met-
astatic and is, therefore, incurable (7, 8, 9). Early detection
represents a very promising approach to reduce lung cancer
incidence and mortality. However, conventional diagnostic
methods for lung cancer are unsuitable for widespread
screening because they are either expensive and occasionally
miss tumors or invasive cancer (10, 11, 12, 13). Computed
tomography has been wildly used for lung cancer early
screening, although it often produces a high rate of false
positives (7, 14, 15). Better diagnostic methods are urgently
needed to improve the detection of lung cancer.

Tissue and blood have been extensively used in attempts to
detect lung cancer earlier (1, 16, 17, 18). Sputum has also
been used to predict lung cancer by detecting its aberrant
promoter methylation (19, 20) or metal ions (21); however, the
screening might be limited by the sample availability or com-
position variability. Different proteomic technologies have
been engaged for this type of biomarker discovery. Quantita-
tive proteomic technologies, like iTRAQ (22, 23, 24) and two-
dimensional gel electrophoresis (2-DE) (5, 25) have been ex-
tensively used for proteome analysis in different types of lung
cancer samples.

Human saliva is an attractive early detection biofluid (26, 27,
28) because its collection is noninvasive, and it contains a

" The abbreviations used are: NSCLC, nonsmall-cell lung cancer;
2D-DIGE, two-dimensional difference gel electrophoresis; SCLC,
small cell lung cancer; MALDI-TOF MS, matrix assisted laser desorp-
tion ionization/time of flight mass spectrometry; LC-MS/MS, Liquid
chromatography tandem mass spectrometry; HP, haptoglobin hp2;
AZGP1, zinc «2-glycoprotein; ANXA1, annexin A1; ROC, receiver
operating characteristic; AUC, area under ROC curve; COPD, chronic
obstructive pulmonary disease.

Molecular & Cellular Proteomics 11.2

10.1074/mcp.M111.012112-1



Proteomic Analysis of Lung Cancer Saliva

large array of proteins, many of which have been shown to be
informative for the detection of oral (29, 30) and systemic
diseases (31, 32, 33). Systemic diseases, like lung cancer,
may affect salivary glands directly or indirectly, and may in-
fluence the quantity of saliva that is produced, as well as the
composition (26, 27, 34). A recent study has shown that
salivary biomarkers are significantly and consistently altered
in a mouse lung cancer model, which suggests that the sali-
vary glands may be regulated by mediators released from
remote tumors (35).

In this study, human saliva samples were collected from
lung cancer patients and matched healthy control subjects.
Salivary proteins were analyzed and compared in the two
pooled samples from each group. We hypothesized that lung
cancer related proteins exist in human saliva, which could be
clinically used to discriminate lung cancer patients from
healthy control subjects. With the discovery and validation of
discriminatory proteomic markers from saliva, lung cancer will
be noninvasively detected with high specificity and sensitivity.

EXPERIMENTAL PROCEDURES

Patients and Study Design—This study consisted of two phases,
including a discovery phase and a confirmation phase (Fig. 1). In total,
72 saliva samples were used. All these saliva samples were collected
under a protocol approved by our institutional review board (IRB) and
all patients provided written informed consent. The samples were all
collected, processed, and stored in a similar fashion. Unstimulated
saliva samples were consistently collected, stabilized, and preserved
as previously described (31). The sample supernatants were kept at
—80 °C prior to assay. ldentified proteins were first verified in the
discovery sample set (10 lung cancer samples and 10 healthy control
samples). A prevalidation sample set (26 lung cancer samples and 26
healthy control samples) was used in the biomarker confirmation
phase.

Lung Cancer Cell Lines—NSCLC cell line (NCI-H1299 and NCI-
H460) and healthy lung cell line (MRC-5) were obtained from ATCC
(Manassas, VA). They were cultured in DMEM medium in duplicate
and lysed by 62.5 mm Tris-HCL (pH = 6.8) containing 2% SDS (w/v),
10% Glycerol, and 0.2 mm dithiothreitol.

Proteomics Platform—Two dimensional difference gel electropho-
resis (2D-DIGE) was used to separate and quantify the salivary pro-
teins from lung cancer patients and matched healthy control subjects.
MALDI-TOF MS and LC-MS/MS were used to identify the proteins in
the selected gel spots.

2D-DIGE—Saliva protein concentration was determined by BCA
Protein Assay Kit (Thermo Scientific Pierce Protein Research Prod-
ucts, Rockford, IL). Pooled saliva samples were made from 10 lung
cancer samples and 10 healthy control samples, respectively, by
taking equal amount of protein from each individual sample. The 200
ng of proteins in each pooled saliva sample were precipitated by
ethanol and then resuspended in the 2D cell lysis buffer (30 mm
Tris-HCI, pH 8.8, containing 7 m urea, 2 ™M thiourea, and 4% 3-[(3-
cholamidopropyl)dimethylammonio]propanesulfonate). The total pro-
teins of the two pooled saliva samples, lung cancer patients and
healthy control subjects, were labeled by minimal CyDye Cy3 and
Cy5, respectively. The two labeled samples were then combined
and subjected to 2D-DIGE. Briefly, after loading the labeled samples,
isoelectric focusing (pH3-10) was run following the protocol provided
by Amersham BioSciences. The 17 cm immobilized pH gradient strip
was rinsed in the SDS-gel running buffer before transferring into

13.5% SDS-gels. The SDS-gels were run at 15 °C until the dye front
ran out of the gels. Gel images were scanned immediately by using
Typhoon TRIO (Amersham BioSciences, GE healthcare, Waukesha,
WI) following running the SDS-PAGE. The fold change of the protein
expression levels was manually obtained from in-gel analysis by using
software Progenesis SameSpots (Version 3.3, Nonlinear Dynamics
Limited). After in-gel image analysis, 253 spots were located on the
gel with fold change ranging from 1.1 to 8. Based on their fold change
(greater than or equal to 1.5), abundance, and relative location on the
gel, 30 spots were further excised and in-gel digested by trypsin.

In-gel Trypsin Digestion and Mass Spectrometry Identification—For
matrix-assisted laser desorption ionization/time of flight (MALDI-TOF)
MS analysis, selected spots were cut and washed multiple times to
remove staining dye and other inhibitory chemicals. Dried gel spots
were rehydrated in the digestion buffer containing sequencing grade
modified trypsin (Promega, Madison, WI). Proteins were digested
in-gel at 37 °C overnight. Digested peptides were extracted from the
gel with trifluoroacetic acid extraction buffer and shaking. The di-
gested tryptic peptides were desalted by using C-18 Zip-tips (Milli-
pore, Billerica, MA). The desalted peptides were mixed with CHCA
matrix (alpha-cyano-4-hydroxycinnamic acid) and spotted into wells
of a MALDI plate for MALDI-TOF MS/MS (ABI4800) identification.
Protein identification was based on peptide fingerprint mass mapping
(using MS spectra) and peptide fragmentation mapping (using
MS/MS spectra). Combined MS and MS/MS spectra were submitted
for database search using Global Protein Server Explorer software
version 3.6 (Applied Biosystems, Foster City, CA) equipped with the
MASCOT search engine (version 2.2.0, http://www.matrixscience.
com) to identify proteins from the National Center for Biotechnology
Information nonredundant Homo sapiens amino acid sequence data-
base (224815 sequences out of 9937670 sequences). The parameters
for searching were enzyme of trypsin, 1 missed cleavage, fixed mod-
ifications of carbamidomethyl (C), variable modifications of oxidation
(M), peptide mass tolerance: = 0.5 Da, fragment mass tolerance: =
0.5 Da, peptide charge of 1+ and monoisotopic. Only significant hits,
as defined by the MASCOT probability analysis (o < 0.05), were
accepted. The criteria of two peptides and C.l. %>95 were used for
protein identification.

For LC-MS/MS analysis, the proteins in the selected spots were
digested as the same as for MALDI-TOF MS analysis and loaded to
LC-MS/MS (Eksigent NanoLC-2D with Thermo LTQ XL). Peptides
were first enriched on a reverse phase trap column (ProteoPep Il, 100
umx2.5 cm, C18, 5 um, 300A, New Objective) and then eluted to
analytical column (ProteoPep Il, 75 um X 10 cm, C18, 5 um, 3004,
New Objective). The mobile phase consisted of buffer (A) 5% ace-
tonitrile and 0.1% formic acid in water, and buffer (B) 0.1% formic
acid in acetonitrile. A flow rate of 400 nL/min and 60 min of the
gradient from 15% B to 95% B was applied for the separation of
peptides. Spectra were collected and processed by Xcalibur soft-
ware version 3.3.0 (Thermo Scientific, Waltham, MA). Combined
MS and MS/MS spectra were converted from RAW to mzXML
(ReAdW version 4.3.1) and submitted for database search again
Human Swissprot by using X!Tandem (version 2010.04.21). The
parameters for searching were enzyme of trypsin, 1 missed cleav-
age, fixed modifications of carbamidomethyl (C), variable modifica-
tions of oxidation (M), parent ion tolerance of 4 Da and fragment
mass tolerance: = 0.4 Da. The criteria of two peptides and log
(E-value) <-10 were used for protein identification.

Western Blot—Reduced saliva protein or cellular protein (15 ng of
total proteins per lane) was loaded into a 10% Bis-Tris gel and run at
150V in MES SDS Running Buffer for one hour. Prestained protein
standard (Invitrogen, Carlsbad, CA) was used to track protein migra-
tion. The proteins were transferred to nitrocellulose membrane by
using iBlot (Invitrogen). The membrane was then washed in wash
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Fic. 1. Study design for lung canc-
er salivary proteomic biomarker
discovery.

Protein biomarker discovery

Verification of candidates

buffer (10 mm Tris-HCI, pH 7.6, 150 mm NaCl, and 0.1% (v/v)
Tween-20 (Sigma-Aldrich, St. Louis, Ml)) before blocking for one hour
in wash buffer containing 5% of nonfat dry milk (Santa Cruz, Santa
Cruz, CA). After further washes in wash buffer, the membrane was
incubated with the primary antibody (Mouse monoclonal to annexin
A1 (ANXA1) (ab2487, Abcam, Cambridge, MA), mouse monoclonal to
haptoglobin hp2 (HP) (LS-B2863, Lifespan Bioscience), mouse mono-
clonal to zinc a2-glycoprotein (AZGP1) (sc-13585, Santa Cruz Bio-
technology), mouse monoclonal to B-actin (A1978, Sigma-Aldrich))
according to the manufacturers’ instructions in blocking buffer at
room temperature for two hours. The membrane was then washed
before applying the secondary antibody (Anti-mouse IgG, peroxi-
dase-linked species-specific whole antibody from sheep, GE Health-
care) according to manufacturer instructions, for one hour at room
temperature. Finally, the membrane was washed and visualized using
ECL Plus detection kit (GE Healthcare). The signal intensity of the
bands was measured by using Image J software (National Institutes of
Health, Bethesda, MD) and the corresponding B-actin expression was
used as reference.

ELISA—The ELISA test for human calprotectin was performed
according to the manufacturer’s instructions (Cell Sciences). All saliva
samples were diluted 100 times with sample diluents. All standards
and saliva samples were loaded in duplicate. For cell lysate, 3 ug of
total protein was loaded to each well in duplicate.

Data Analysis—The software Graphpad Prism (Version 5.01) and R
were used for all data analysis. p value was calculated based on
Wilcoxon test and p < 0.05 was used as cutoff for significance.
Logistic regression method was used in the prediction model build-
ing. For all the validated biomarkers, we constructed the receiver
operating characteristic (ROC) curve and computed the area under
the curve (AUC) value by numerical integration of the ROC curve. The
confirmed lung cancer related proteins were analyzed by logistic
regression and stepwise backward selection was performed to de-
termine final combinations of biomarkers. The sensitivity and speci-
ficity for the biomarker combinations were estimated by identifying

(10 cancer + 10 control)

Samples from 72 individuals

l l

Discovery phase Confirmation phase

(26 cancer + 26 control)

l ‘.

2D-DIGE / MS Biomarker

confirmation

l

Assess accuracy

the threshold of the predicted probability that yielded the highest sum
of sensitivity and specificity.

RESULTS

Study Design—The study design is briefly shown in Fig. 1.
All saliva samples were collected under a protocol approved by
our IRB (IRB#10-000505), and all enrolled subjects provided
written informed consent. The 36 lung cancer saliva samples
were collected from patients who have been diagnosed as lung
cancer by using biopsy at the Ronald Reagan UCLA Medical
Center and will proceed to surgery; most of them are NSCLC
(Table I). The saliva samples from 36 healthy control subjects
were collected as controls by matching their age, sex, and
ethnicity with the cancer group (p > 0.05). Their smoking history
was matched generally by whether they are current or former
smokers and their duration and intensity. Patient demographics
and clinical profiles are presented in Table I.

Lung Cancer Saliva Proteome Analysis—For the proteomic
biomarker discovery, 10 untreated lung cancer patients and
10 matched healthy control subjects were recruited for saliva
sample collection. Pooled saliva of the cancer and control
group was made by pooling equal amount of protein from
each individual sample for the following analysis. Then
the two pooled saliva samples were analyzed by 2D-DIGE.
The merged 2D-DIGE image is shown in Fig. 2. After in-gel
image analysis, 253 spots were located on the gel with fold
change ranging from 1.1 to 8. Based on their fold changes,
abundance and relative location on the gel, 30 spots were
further excised, in-gel tryptic digested and then analyzed by
mass spectrometry.

Molecular & Cellular Proteomics 11.2
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TABLE |
Patient demographics and clinical profiles

Discovery set

Confirmation set

Demographic Cancer (n = 10)

Control (n = 10)

Cancer (n = 26) Control (n = 26)

Age, years 59.2 = 6.36 60.4 = 4.72 63.15 = 11.63 61.65 £ 9.4
Range 45-69 45-71 43-90 45-89
Sex

Male 5 5 12 11

Female 5 5 14 15
Ethnicity (USA)

Caucasian 8 8 22 19

Others 2 2 4 7
Smoke History

Yes 6 7 16 17
Lung Cancer

NSCLC 9 24

SCLC 1 2

Fic. 2. Salivary proteomic biomarker discovery. The merged 2D-DIGE image of proteins from lung cancer patients (Red) and healthy

control subjects (Green).

Of these 30 spots, 19 had a fold change greater than or
equal to 2. Their digested peptides were loaded to MALDI-
TOF plate, and the data was searched by MASCOT search
engine against National Center for Biotechnology Information
nonredundant Homo sapiens amino acid sequence database.
Fourteen of these spots were identified as 11 unique proteins.
The identified proteins are shown in Table IIA. Eleven of the 30
spots had fold change greater than or equal to 1.5 but less
than 2, their digested peptides were loaded to LC-MS/MS,
and the data was searched against X!Tandem database. The

results (Table 1IB) show that eight spots were identified as
seven unique proteins.

In total, 22 spots were identified as proteins with high
confidence according to database searching and 16 unique
proteins were identified. All the spots are marked on the
merged 2D-DIGE image in Fig. 2. The detailed information
about these identified proteins is listed in Table Il. According
to their fold changes, biological function and the availability of
validation reagents, four proteins were selected for verifica-
tion, including HP, ANXA1, AZGP1, and human calprotectin.

10.1074/mcp.M111.012112-4
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TaBLE Il
Identified human salivary proteins with significant changes between lung cancer patients and healthy control subjects
A
Protein . . .
Spots ID Protein name Accession no. MW Pr?jtlem ngﬂgtes Protein score Proéeur %/core Fold change
(kDa) B
443 Annexin A1 gi 119582950 40.2 6.6 10 336 100.0 4.5
704 Interleukin 1 receptor Qi 27894317 19.9 4.7 5 242 100.0 -21
antagonist
742 Prolactin-induced gi 116642259 9.1 5.3 6 359 100.0 —-21
protein
77 Lipocalin 1 gi 4504963 19.2 5.4 4 115 100.0 —-2.0
778, 785,947,  Zinc Alpha2- gi 145579641 13.5 55 8,4,3,2 356,89, 85, 62 100.0 (2.5), (2.0), (3.0), (4.3)
948 Glycoprotein
779 Cyclophilin A gi 1633054 17.9 7.8 2 174 100.0 2.0
815 Cystatin S gi 4503109 16.2 5.0 5 115 100.0 2.0
827 Human calprotectin gi 82407447 13.1 5.7 3 182 100.0 5.7
886 S100 calcium- gi 21614544 10.8 6.5 7 232 100.0 -5.3
binding protein A8
943 Haptoglobin hp2 gi 223976 41.7 6.2 6 132 100.0 3.6
950 Cystatin D gi 19882256 16.1 6.7 4 305 100.0 2.2
B)
Protein . .
Spots ID Protein name Accession no. MW Pr<let|e|n Lénﬂ;'e log(e) log(l) Fold change
(kDa) peptides
676 HBA2 ENSP00000251595 15.2 7.3 2 —-18.3 4.6 1.6
723 Lipocalin 1 ENSP00000360846 19.2 5.4 7 —74.3 5.4 -1.5
725, 932 Prolactin-induced ENSP00000291009 16.6 5.3 6,7 (—89.1), (5.6), (—1.8),
protein (—111.1) (5.8) (—1.8)
848 CST5 ENSP00000307132 16.1 6.7 4 —34.1 5.1 1.6
854 S100 calcium-binding ENSP00000357727 13.2 5.7 7 -91.2 6.2 -1.5
protein A9
901 SERPINB1 ENSP00000370115 42.7 5.9 6 —-57.5 4.5 1.9
909 Carbonic anhydrase ENSP00000366661 28.7 6.6 2 —-12.6 3.8 -1.5
\
(A)

(B)

©)

Normal Control

Lung Cancer

Fic. 3. The Western blot of HP (A), AZGP1 (B), and B-actin (C) in the saliva of lung cancer patients and healthy control subjects. Equal

amount of protein were loaded to each lane.

In terms of the relative standard deviation of current immuno-
assay methods, only those spots with fold change =2 were
selected for biomarker verification.

Verification of Candidates in Discovery Sample Set—Immu-
noassays were used to verify these four proteins. Western blot
was used to test ANXA1, HP, and AZGP1. Human calprotectin
was tested by ELISA kits. Of these four proteins, all of them
could be well detected, except ANXA1. The Western blot of HP,
AZGP1, and the corresponding B-actin are shown in Fig. 3. The
distribution of HP, AZGP1 and human calprotectin in lung can-

cer and healthy control groups showed the significant differ-
ences with p value of 0.0041, 0.0040, and 0.015, respectively.

Confirmation in a Prevalidation Sample Set—To further con-
firm these proteins’ presence in human saliva, a prevalidation
sample set (26 lung cancer samples and 26 healthy control
samples) was used. By using the same immunoassay meth-
ods mentioned above, all the three salivary proteins (HP,
AZGP1, and human calprotectin) still show the significant
difference in lung cancer patients and healthy control subjects
with p value of 1.48E-4, 1.05E-4, and 4.56E-5, respectively.

Molecular & Cellular Proteomics 11.2
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FiG. 4. Salivary proteomic biomarker evaluation and confirmation. The dot plots of HP (A), AZGP1 (B), and human calprotectin (C) in the
saliva of lung cancer patients and healthy control subjects of prevalidation sample set. D, ROC curve for human calprotectin (ROC = 0.817).

Biomarker Performance—The performance of these vali-
dated protein markers was further evaluated for the detection
of lung cancer in the prevalidation sample set. The dot plots
for all the three proteins are shown in Figs. 4A, 4 B, 4C). The
ROC curve for human calprotectin is shown in Fig. 4D. The
corresponding AUC value for HP, AZGP1, and human calpro-
tectin are 0.807, 0.813, and 0.817, respectively.

Logistic regression was used to combine different markers
through software R. The biomarker performance of all com-
binations of the three prevalidated salivary proteomic bio-

markers were listed in Table Ill. The corresponding threshold
was chosen based on the maximum sum of sensitivity and
specificity. In Table IlIA, the threshold was from the prevali-
dation sample set. Whereas in Table IlIB, the threshold was
from the discovery sample set. Even though they have the
same AUC value, the threshold in Table IlIB is larger than that
in Table IlIA (except the combination of HP and human cal-
protectin), which lead to different sensitivity and specificity.
The dot plot of logistic regression combined biomarkers of
human calprotectin, HP, and AZGP1 is shown in Fig. 5A. The

10.1074/mcp.M111.012112-6
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TaBLE Il
Performance of different biomarker combination in the prevalidation sample set

(A) Biomarker performance based on the threshold from the pre-validation sample set

AUC Threshold Sensitivity % Specificity % PPV% NPV%
Calprotectin+AZGP1 0.88 0.4234 84.6 92.3 91.7 85.7
Calprotectin+HP 0.85 0.4946 73.1 88.5 86.4 76.7
HP+AZGP1 0.82 0.5038 65.4 92.3 89.5 72.7
Calprotectin+AZGP1+HP 0.90 0.4277 88.5 92.3 92.0 88.9
(B) Biomarker performance based on the threshold from the discovery sample set
AUC Threshold Sensitivity% Specificity% PPV% NPV%
Calprotectin+AZGP1 0.88 0.6911 65.4 100.0 100.0 74.3
Calprotectin+HP 0.85 0.2451 92.3 46.2 63.2 85.7
HP+AZGP1 0.82 0.6515 53.9 96.2 93.3 67.6
Calprotectin+AZGP1+HP 0.90 0.6446 731 96.2 95.0 78.1
(A)1.o- ouof‘y.oo T - (B) 100 T T
L]
0.8 b E 801 T
-t . .
Fic. 5. Performance of biomarker panel. 0.6 J ‘S’ 604 7
A, the dot plots of logistic regression combined o A
biomarkers of human calprotectin, HP and . é 40- i
AZGP1; B, ROC curve for the combined three 0.44 _' 4
biomarkers. "
| ) - 20_ i
l.l
H ok
00 - | 0 20 40 60 80 100

T
cancer

corresponding ROC curve is shown in Fig. 5B. As listed in
Table llIA, the combined performance of HP, AZGP1, and
human calprotectin can reach 88.5% sensitivity and 92.3%
specificity with AUC = 0.90. The corresponding PPV (positive
predictive value) and NPV (negative predictive value) were
also shown.

Confirmation in Lung Cancer Cells—In order to determine
whether the three salivary proteins were lung cancer related,
all three proteins were tested in NSCLC cells (NCI-H1299 and
NCI-H460 cell line) and healthy lung cells (MRC-5 cell line).
Results show that the concentration of human calprotectin in
MRC-5 cells is 0.156 ng/(ng total protein). It up-regulated to
0.235 ng/(ung total protein) and 0.336 ng/(ug total protein) in
NCI-H460 cells and NCI-H1299 cells, respectively. The West-
ern blot of HP, AZGP1 and the corresponding B-actin are
shown in Fig. 6A. Their quantification data (Fig. 6B) shows that
these two proteins were also elevated in lung cancer cells.
Collectively, the concentration of all the three proteins was
increased in the two lung cancer cell lines when compared
with the healthy lung cells. These findings were consistent
with our findings in the human saliva, which might help con-
firm why these three proteins were elevated in lung cancer
patients’ saliva.

ontol 100 - Specificity

Influence of Smoking—Among the 52 samples in the pre-
validation sample set, 33 of them have smoking history and 19
of them are nonsmokers. Besides, 17 lung cancer patients
have smoking history and nine lung cancer patients are non-
smokers. The three biomarkers’ distribution in these non-
smoking and smoking subjects is comprehensively com-
pared. The data is shown in Fig. 7. The significant difference
between each group is labeled.

DISCUSSION

In this manuscript, we have demonstrated that discriminatory
proteomic biomarkers are present in human saliva when lung
cancer developed. Although a proof of concept study, this is the
first study engaged a de novo biomarker discovery approach in
saliva for lung cancer detection. Three proteins were first dis-
covered by 2D-DIGE and MS and then further verified in the
discovery sample set, prevalidation sample set and lung cancer
cell lines. The discriminatory power of these candidate biomark-
ers in lung cancer patients and healthy control subjects can
reach 92.0% PPV and 88.9% NPV (Table Ill). These data col-
lectively demonstrated that these three salivary proteins could
potentially be used as discriminatory biomarkers to differentiate
lung cancer patients from healthy control subjects.

Molecular & Cellular Proteomics 11.2
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Fic. 6. Biomarker verification in lung cancer cell lines. A, The Western blot of HP (a) and AZGP1 (b) in different lung cancer cell lines. Their
corresponding B-actin is shown in (c); B, The corresponding quantification of the Western blot in (A).

Candidate Biomarkers—In this study, our goal is to develop
discriminatory proteomic biomarkers for the early detection of
lung cancer. Although there were 253 spots located on the gel
after in-gel image analysis, only spots with relatively large fold
change (=1.5) were exercised for further identification and
verification. It is of interests that most of these identified
proteins were lung cancer related. Of note is HP, which has
been found in serum and used as biomarker for the diagnosis
of NSCLC (2, 36). The overexpression of this acute phase
protein in human lung cancer tissues has been confirmed by
immunohistochemistry and Western blot (37). Notably, pri-
mary tumors of lung could release soluble factors that induce
the expression human calprotectin, which could facilitate the
survival and proliferation of metastasizing cancer cells (38).
Human calprotectin is the complex of ST00A8 and S100A9. It
has antibacterial, antifungal, immunomodulating, and antipro-

liferative effects in human saliva. Whereas S100A8 alone did
not inhibit fungal growth, S100A9 by itself had a moderate
antifungal effect (39). One possible reason is that in case of
disease, more S100A8 and S100A9 may conjugate together,
which result in the up-regulation of human calprotectin and
the down-regulation of S100A8 and S100A9 (Table Il). The
up-regulation of S1T00A8 and S100A9 in lung cancer tissue
has been tested by immunohistochemical staining (40). The
mRNA levels of AZGP1 in human lung tissue has also been
reported to correlate with lung cancer disease status (41). The
expression of AZGP1 protein in lung tissue is evidenced by
immunohistochemical staining (6). The presence of AZGP1
serum autoantibody may be used as a prognostic marker in
patients with lung adenocarcinoma. The up-regulation of
AZGP1 mRNA in lung adenocarcinoma may be affected by
chromatin remodeling by means of histone acetylation (42).
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Fic. 7. The quantification data of HP (A), AZGP1 (B), and human calprotectin (C) in smoking and nonsmoking groups (*: p < 0.05; **:

p < 0.01; ***: p < 0.001).

Besides, annexins are cytosolic proteins that can be associ-
ate with cell membranes in a calcium-dependent manner and
ANXAT1 has been found up-regulated in lung tumors (43, 44).
Of these selected candidates, three of them could be well
detected. The negative result of ANXA1 may be because of its
low abundance in saliva or the limited specificity of the
antibody.

Based on the biomarker performance in the prevalidation
sample set (Table Ill), different sensitivity and specificity have
been calculated for this sample set based on the selected
thresholds. In Table llIA, the threshold was from the prevali-

dation sample set that based on the maximum sum of sensi-
tivity and specificity. In order to validate the model built in the
discovery sample set, its threshold was applied to the pre-
validation sample set (Table 1lIB). Compared with that in Table
Il A, the sum of sensitivity and specificity in Table IlIB is
generally weaker because of the selected thresholds. For the
human calprotectin and HP combination, the threshold from
the discovery sample set is less than that from the prevalida-
tion sample set. This caused the ideal sensitivity (92.3%) while
with frustrating specificity (46.2%). For the combination of all
three proteins, even though a much higher threshold was
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applied, good sensitivity (73.1%) and specificity (96.2%) were
achieved. This data demonstrated the robust power of our
discovered biomarkers in the differentiation of lung cancer
patients from normal control subjects.

The Effects of Smoking on Salivary Biomarkers—Smoking is
by far the leading risk factor for lung cancer (3, 4, 17, 45). Its
effects on salivary biomarkers were comprehensively com-
pared. In this study, smoking has elevated the expression of
AZGP1 and human calprotectin and decreased the expres-
sion of HP in the cancer group (Fig. 7). However, our data
show that smoking did not demonstrate a significant influence
on these markers. It is worth mentioning that the distribution
of HP and AZGP1 show the significant difference between the
healthy control and lung cancer groups, no matter whether
they are smokers or nonsmokers. In the healthy control sub-
jects group, smoking does not have a significant effect on the
expression of these proteins. These results demonstrate that
these verified protein biomarkers were mostly elevated by
lung cancer.

The Specificity of Salivary Proteomic Biomarkers to Lung
Cancer—The clinical samples used in this study were
matched by their age, sex, and ethnicity between the cancer
group and control group. Their smoking history was matched
by whether they are current or former smokers and their
smoking duration and intensity.

Most lung cancer patients will have chronic obstructive
pulmonary disease (COPD) because both conditions are
mainly caused by smoking. Our verified salivary biomarkers
also have been reported to be related with smoking (5, 6).
References show that the three verified biomarkers also re-
lated with COPD in tissue (37), bronchoalveolar lavage fluids
(46), and blood (16, 47). However, only 1 or 2% of COPD
patients will go on to develop lung cancer. Though COPD is
considered the “transition state” between normal and lung
cancer, its protein profiling may not likely be the median. The
goal of this study is to discover biomarkers that can differen-
tiate normal subjects from lung cancer patients. Thus COPD
was not included in this study for lung cancer biomarker
discovery. However, to further verify the specificity of the
discovered lung cancer biomarkers, COPD should be in-
cluded in further definitive validation.

The Proof of Concept—Through the two phases of the pilot
study of salivary biomarker development for lung cancer de-
tection, the preliminary data show that three proteins were
identified and preclinically validated. All of them were also
confirmed to be elevated in lung cancer cells. The perform-
ance of these proteins was further evaluated. The distribu-
tions of these proteins in the saliva of lung cancer patients and
matched healthy control subjects have demonstrated their
discriminatory power for lung cancer detection. To the best of
our knowledge, the present study is the first proof-of-concept
report on de novo salivary proteomic biomarker discovery and
prevalidation for lung cancer detection. Although further val-
idation in a larger sample set is necessary for definitive vali-

dation, these discovered and confirmed salivary protein bio-
markers have the potential to be used for the detection of lung
cancer. A saliva test could be easily conducted in the clinic
and would have the potential to detect disease at an earlier
time point, when the likelihood of curative therapy would be
greater.
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