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Abstract
While saliva is a source of easily accessible bodily fluids, there has been little effort to study its value
in cancer diagnosis. We hypothesized that certain proteins would be elevated in the saliva of patients
with breast cancer. Our study included 49 healthy individuals and 49 breast cancer patients. The
levels of vascular endothelial growth factor (VEGF), epidermal growth factor (EGF) and
carcinoembryonic antigen (CEA) in the saliva were measured with enzyme-linked immunosorbent
assay (ELISA). We observed that salivary fluid protein levels were significantly elevated in cancer
patients as follows: i) VEGF, 3.7±1.6 in cancer versus 2.1±1.2 ng/ml in control (p<0.0001); ii) EGF,
3.7±1.7 versus 2.1±1.3 ng/ml (p<0.0001); and iii) CEA, 83±31 versus 66.1±27.1 ng/ml (p=0.0106).
The areas under the receiver operating characteristic (ROC) curve (AUC) were 80, 77 and 65%,
respectively. The best prediction was from the combination of salivary VEGF and EGF with a
sensitivity of 83%, specificity of 74% and AUC of 84%. We conclude that saliva is a novel avenue
for tumor marker research and deserves further studies. Saliva may potentially be useful in
supplementing current methods of breast cancer detection.
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Introduction
Breast cancer is the most common form of cancer and the second leading cause of cancer deaths
in women in the US. In 2007, approximately 180,510 patients were estimated to have been
diagnosed with invasive breast cancer, and an estimated 40,910 will die of this disease.
Furthermore, approximately 62,030 females will be newly diagnosed with in situ breast
carcinoma (1). Early detection has been credited for a small decrease in age-adjusted breast
cancer mortality. However, the current standard diagnostic/screening tests for breast cancer,
including physical exams and mammograms, are not perfect. Thus, there is much active
research in developing novel methods to improve early detection.

Serum tumor markers, such as carcinoembryonic antigen (CEA) and CA15-3 or CA27–29, are
used in current clinical practice to assess widespread disease or to detect recurrent breast cancer,
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but not to detect new breast cancer (2). Many researchers are using a number of new
technologies, such as proteomics or DNA/RNA arrays, to discover novel markers in the blood
(3,4). While saliva is a source of easily accessible bodily fluids, there has been very little effort
to study salivary fluid. We hypothesized that a profile of angiogenic and tumor markers in
saliva could be complementary to the current methods used for breast cancer diagnosis. In this
pilot study, we set out to determine whether the levels of certain growth/tumor marker(s) is/
are correlated with breast cancer. We studied vascular endothelial growth factor (VEGF) and
epidermal growth factor (EGF) because they are potent angiogenic factors with successful
targeted therapeutic agents already approved by the FDA, such as Avastin and Tarceva (5,6).
We also measured CEA, a well-established serum tumor marker for breast cancer. We observed
that the levels of the above proteins in the saliva are elevated in breast cancer patients in
comparison to normal controls. Thus, it is possible that saliva may serve as a novel avenue in
the search for breast tumor markers.

Patients and methods
Subjects

Subject recruitment and sample collection were within the guidelines of the Institutional
Review Board at the University of California Los Angeles Medical Center (UCLA). The
inclusion criteria for the cancer group were as follows: i) capable of giving informed consent;
ii) not pregnant or lactating; iii) no active oral/dental disease; iv) no prior (within 2 years) or
concurrent non-breast malignancies, except for non-melanomatous skin cancers, carcinoma in
situ of the cervix, or benign tumors such as adenomas; and v) a diagnosis of breast cancer.
These patients were enrolled prior to definitive surgery for the excision of the tumor. The
control subjects were healthy volunteers recruited from both the dental and medical centers at
UCLA.

Saliva collection
Unstimulated whole saliva samples were collected according to previously established
protocols (7,8). Subjects were asked to refrain from eating, drinking, smoking or oral hygiene
procedures for ~30 min prior to collection. The lip area was cleaned, and each subject rinsed
her mouth once with plain water. Typically, patients donated ~5–10 ml of saliva. Samples were
then centrifuged at 2,600 × g for 15 min at 4°C. The supernatant was then stored at −80°C until
use. Of note, a protease inhibitor cocktail containing 1 μl aprotinin, 10 μl PMSF
(phenylmethanesulfonyl fluoride) and 3 μl sodium orthovanadate (all from Sigma, St. Louis,
MO) was added to each 1-ml saliva sample.

ELISA analysis
Measurement of protein factors was performed by enzyme-linked immunosorbent assay
(ELISA) according to the manufacturer’s instructions. ELISAs for VEGF and EGF were
purchased from R&D (Minneapolis, MN), and from Biomeda Corp. (Foster City, CA) for CEA.
The minimum detectable levels were as follows: 9 pg/ml for VEGF, 0.7 pg/ml for EGF and
1.5 ng/ml for CEA. The dilutions were as follows: 1:8 for VEGF, 1:25 for EGF and 1:4 for
CEA, using the sample diluents provided. The signals were read on a Biotek microplate reader
(Winooski, VT).

Data analysis
To assess the association of the level of protein expression with breast cancer, the means and
standard deviations of salivary factors were calculated separately for each group of subjects,
and the groups were compared using the Wilcoxon rank sum test. Multiple regression analysis
was also performed to consider the potential effect of age and ethnicity (results not shown).

BROOKS et al. Page 2

Mol Med Report. Author manuscript; available in PMC 2009 October 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



For example, the regression model for each of the three proteins was constructed with age,
ethnicity and cancer/normal group as independent variables.

To evaluate the predictive power of each of the peptides, receiver operating characteristic
(ROC) curve analysis was conducted on the simple logistic models with protein expression as
an independent variable and the cancer/control group as a dependent variable. We used forward
stepwise logistic regression to construct a model for disease status prediction using
combinations of markers. The best model was then evaluated using ROC analysis.
Subsequently, the area under the curve (AUC) was computed via numerical integration of the
ROC curves. The factor or combination of factors that had the largest AUC was identified as
having the strongest predictive power for the detection of breast cancer.

Results
Subject characteristics

All subjects were female. Table I summarizes the characteristics of the 49 control subjects and
49 breast cancer patients. There was no significant difference between the healthy controls and
cancer patients in regards to number, tobacco use, diabetes, hepatitis or HIV status. The mean
age of the controls was lower than that of the breast cancer patients (41.4±12.4 versus 54.8
±11.2 years, p<0.0001). Race was also a significant factor (p=0.0116). In the cancer group, 6
patients had stage 0 (DCIS-ductal carcinoma in situ). Of the 43 invasive cancer cases, all except
one had final pathologic staging as follows: 1 patient had a local recurrence, 14 patients had
stage 1, 16 stage 2, 8 stage 3 (one of whom had only residual DCIS at the time of saliva
collection after neoadjuvant chemotherapy), and 3 had stage 4.

Salivary protein levels
Salivary fluid protein levels for the cancer and control groups are listed in Table IIA. The
Wilcoxon test showed that there was a significant difference between breast cancer patients
and the control group in terms of protein expression levels. To consider the potential effect of
age and ethnicity, multiple logistic model analysis was also performed (results not shown) on
the log-transformed expression score. Our results were consistent with previous findings which
showed that, after including age and ethnicity in the model, significant positive associations
between each protein and cancer remained. The breast cancer patients had higher levels of the
three proteins compared to those in the control group (Fig. 1).

To evaluate the predictive power of each protein individually and in combination, we first
found the best logistic regression model by the stepwise model selection method. This method
revealed that the logistic model, including the VEGF and EGF proteins together, fit the data
best. Then ROC analysis was performed on four logistic models with each protein separately
along with the best combination in Table IIB. The AUCs for VEGF, EGF and CEA were 80,
77 and 65%, respectively. The sensitivity and specificity were as follows: 74 and 73% for
VEGF, 78 and 68% for EGF, and 70 and 56% for CEA. The best combination was salivary
VEGF plus EGF with 83% sensitivity, 74% specificity and AUC 84%. The corresponding
ROC curve is shown in Fig. 2.

Discussion
We report here for the first time that VEGF and CEA levels are significantly increased in the
saliva of breast cancer patients in comparison with healthy control subjects. The most potent
angiogenic factor VEGF was previously detected in the saliva of healthy individuals (9,10).
We also observed elevated EGF levels, which is consistent with a study conducted by the
Navarro group in Spain (11). In the US, the Streckfus group reported that Her-2 and CA15-3
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levels are elevated in cancer versus control subject saliva (12,13). Streckfus and Bigler showed
that salivary Her-2 exhibits a significant difference between pre- and post-therapy values
(14). This group has recently proteomically profiled additional salivary breast cancer candidate
biomarkers (15).

The finding of elevated angiogenic factors in saliva is consistent with the fact that the process
of angiogenesis, i.e., the formation of new blood vessels, plays a critical role in breast tumor
growth and metastasis (16). Since many angiogenic factors have been identified and sequenced,
we were among the first to ask whether the level of any of these factors could be detected in
bodily fluids, and whether their levels would have any clinical relevance in cancer diagnostics
and monitoring (17–19). These angiogenic molecules are either released by the tumor cells
themselves (20), mobilized from the extracellular matrix and/or released by host cells, such as
macrophages recruited into the tumor. Studies by our laboratory and by other institutions
showed that angiogenic factors can be significantly elevated in the serum and urine of breast
cancer patients. The levels of certain angiogenic factors have been shown to correlate with the
disease stage of the tumor (21).

This pilot study constitutes a phase II validation study within the guidelines set forth by the
NCI Early Detection Research Network (EDRN) (22). The next step is to conduct a phase III
blinded detection trial with a large number of new cases of breast cancer and control subjects
to determine the robustness of VEGF, EGF and CEA in predicting and discriminating saliva
from controls versus breast cancer patients.

In summary, we conclude that saliva is a novel avenue for tumor marker research in breast
cancer and deserves further study. Saliva can be obtained non-invasively, sparing the patient
unpleasant needles from blood drawing procedures. We do not expect a fluid-based tumor
marker test to replace the standard screening physical exam and mammogram. However, we
can envision at least one possible scenario where a new salivary test may potentially enhance
our ability to detect breast cancer early, when it is still curable with existing treatment methods.
The salivary avenue of research may prove to be just as useful as studies searching for
biomarkers in the blood.
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Figure 1.
The levels of (A) VEGF, (B) EGF and (C) CEA in control subjects and breast cancer patients
(mean ± SD).
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Figure 2.
ROC curve of salivary VEGF and EGF values in specimens from control subjects and breast
cancer patients. Area under the ROC curve, 84%.
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Table I

Subject characteristics.

Healthy controls Cancer patients p-value

Number 49 49 NS
Age, mean ± SD (years) 41.4±12.4 54.8±11.2 <0.0001a
Race 0.0116b
 Caucasian (including Hispanic) 25 (51%) 39 (80%)
 Black 11 (22%) 4 (8%)
 Asian 13 (27%) 6 (12%)
Tobacco use 2 3 NS
Diabetes 2 2 NS
Hepatitis 0 2 NS
HIV 0 0 NS

a
Wilcoxon test,

b
χ2 test; NS, not significant.
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Table II

Salivary fluid protein levels and the predictive power of each protein individually and in combination.

A, Wilcoxon test for each salivary protein (mean ± SD) (ng/ml).
Healthy controls Cancer patients p-value

VEGF 2.1±1.2 3.7±1.6 <0.0001
EGF 2.1±1.3 3.7±1.7 <0.0001
CEA 66.1±27.1 83.0±31.0 0.0106

B, ROC curve analysis on the logistic regression models.

AUC (%) Sensitivity (%) Specificity (%)

VEGF 80 74 73
EGF 77 78 68
CEA 65 70 56
VEGF + EGF 84 83 74

AUC, area under the curve.
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