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Aim: To reveal the serum proteomic
profiling of intraductal carcinoma (IDC)
patients in China, establish a serum
proteome fractionation technique for choos-
ing magnetic beads for proteomic analy-
sis in breast cancer research; and iden-
tify differentially expressed peptides (m/z;
P < 0.0001) as potential biomarkers of
early IDCs. Methods: We used two different
kinds of magnetic beads (magnetic bead-
based weak cation exchange chromatogra-
phy (MB-WCX) and immobilized metal ion
affinity chromatography (MB-IMAC-Cu)) to
analyze 32 patients with early stage (stages
I-1l) IDC and 32 healthy control serum
samples for proteomic profiling by matrix-
assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS)
analysis. The mass spectra, analyzed us-
ing ClinProTools software, distinguished be-

tween IDC patients and healthy individu-
als based on k-nearest neighbor genetic
algorithm. Results: The serum samples
purified in the MB-WCX group provided bet-
ter proteomic patterns than the MB-IMAC-
Cu group. The samples purified by MB-
WCX had better average peak numbers,
higher peak intensities, and better capturing
ability of low abundance proteins or pep-
tides in serum samples. In addition, the
MB-WCX and MB-IMAC-Cu purification
methods, followed MALDI-TOF MS identi-
fication and use of ClinProTools software
accurately distinguished patients with early
stage IDC from healthy individuals. Conclu-
sion: Serum proteomic profiling by MALDI-
TOF MS is a novel potential tool for the clin-
ical diagnosis of patients with IDC in China.
J. Clin. Lab. Anal. 29:321-327, 2015. ©
2014 Wiley Periodicals, Inc.

Key words: intraductal carcinoma; biomarker; MALDI-TOF MS; MB-WCX; MB-IMAC-Cu

INTRODUCTION

Breast cancer is the most common cancer in developed
and developing countries. Approximately 690, 000 new
cases have been estimated to occur in each country type
in 2012, (population ratio = 1:4), with a high incidence
(> 80 per 100,000) in developed countries (except Japan)
and low (< 40 per 100,000) in most developing countries.
Nevertheless, breast cancer is still the most frequent cause
of cancer deaths in women in developing (269, 000 deaths;
12.7% of the total population) and developed countries.
Invasive ductal carcinoma (IDC), which represents 80%
of all breast cancer diagnoses, is the most common form
of breast cancer. IDC, also known as infiltrating ductal
carcinoma, indicates a tumor that began growing in the
duct and has invaded the fatty tissue of the breast outside
of the duct. IDC may migrate into other parts of the body
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via the bloodstream or lymphatic system if not treated at
an early stage.

Early detection is essential in the optimal treatment of
breast cancer. Indeed, early detection can improve the
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likelihood of successful treatment and recovery (1). It has
been reported that the 5-year survival rate of breast cancer
patients is between 75% and 90% (http://seer.cancer.gov).
However, modern imaging modalities, such as mammog-
raphy, breast sonography, X-rays, and CT scanning, either
do not have a sufficient spatial resolution to effectively
detect very small breast cancers (2) or are not sensitive
enough to measure microangiogenesis in the very earliest
stages of breast cancer (3,4). Currently, mammographic
screening is the most reliable method to detect breast can-
cers in asymptomatic patients. Although highly effective,
mammographic screening has significant limitations, thus
the development of more accurate, convenient, and ob-
jective detection methods is needed. Utilizing proteomic
tools, it is possible to identify quantitative and quali-
tative protein patterns in a wide variety of tissues and
body fluids, such as blood, urine, saliva, and cerebrospinal
fluid, and establish specific diagnostic and prognostic
biomarkers.

Biomarkers are potentially useful adjuncts to clinical
management because biomarkers can increase diagnostic
accuracy and facilitate optimal treatment. Use of quanti-
tative biomarker-based tests is more objective than clinical
assessment because observer variation is minimized and
quality assurance protocols in the laboratory improve re-
producibility and reliability. Further improvement of early
detection can be achieved with the use of blood-based
biomarkers. Such markers could indicate the presence of
an early stage breast tumor before the lesion cannot be de-
tected using mammography (5). A blood test is less expen-
sive and easy to perform on a large scale. Peptidome anal-
ysis based on mass spectrometric screening methods, such
as surface-enhanced laser desorption/ionization time-of-
flight (SELDI-TOF) and MALDI-TOF MS, is a promis-
ing high-throughput approach for identifying new po-
tential biomarkers in serum or other body fluids(6-8).
MALDI-TOF MS has been widely applied to analyze
serum samples for the diagnosis of human diseases and
for the identification of potential biomarkers; however,
different types of magnetic beads afford different purifica-
tion capabilities for low abundance proteins and peptides
in body fluids. To date, the most frequently used magnetic
beads are MB-WCX and MB-IMAC-Cu (9-11).

Thus, in this pilot study the serum proteomic profiles of
32 patients with IDC and 32 healthy controls were com-
pared and analyzed. The goals of the current study were
as follows: (1) determine the serum proteomic profiles
of patients with IDC; (2) compare MB-WCX with MB-
IMAC-Cu purification capability in patients with IDC; (3)
establish a proteome fractionation technique for choos-
ing magnetic beads for proteomic analysis in breast can-
cer research; and 4) identify differentially expressed pep-
tides (m/z; P < 0.0001) as potential biomarkers of early
IDC.
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MATERIALS AND METHODS
Patient Specimens and Sample Collection

This study was approved by the Ethics Committee and
the Human Research Review Committee of Xi’an Jiao-
tong University. Sixty-four serum samples were included
in this study, of which 32 were collected from patients with
IDC and 32 from healthy female volunteers to be used as
controls. The samples were collected in the Tumor Hos-
pital of Shaanxi province between May and December
2012. All of the patients were recently diagnosed, and had
an average age of 49 years (range, 30-78 years), The 32
healthy volunteers ranged in age from 31 to 60 years (aver-
age age, 51 years). All blood samples were drawn while the
patients or healthy controls were seated and fasting. The
samples were collected in 10-cc serum separator tubes and
held at 4°C for 1 h, then centrifuged at 3,000 g at 4°C for
20 min. The serum samples were distributed into 500 pl
aliquots and stored at —80°C until subsequent use.

Sample Preparation and MALDI-TOF MS Analysis

To identify a better serum peptidome separation
method, MB-WCX and MB-IMAC-Cu ClinProt™ pu-
rification reagent sets of Bruker Daltonics, (Bremen,
Germany) were separately used for protein separation for
MALDI-TOF MS analyses. Purification via MB-WCX
and MB-IMAC Cu were performed according to the man-
ufacturer’s protocol for serum and a Bruker Magnetic
Separator (8-well, #65554). To prepare the MALDI tar-
get, we spotted 1 il of a mixture containing 10 wlof 0.3 g/1
a-cyano-4-hydroxy cinnamic acid in 2:1 ethanol/acetone
(v/v) and 1 pl of the eluted peptide fraction onto a
MALDI AnchorChip™ (Bruker Daltonics) sample tar-
get platform (384 spots). To evaluate reproducibility, each
serum sample was spotted for three repeats.

Air-dried targets were measured immediately using a
calibrated Autoflex III MALDI-TOF MS (Bruker Dal-
tonics) with FlexControl software (version 3.0; Bruker
Daltonics), and optimized measuring protocols were es-
tablished. Matrix suppression up to 1,000 Da, with a mass
range of 1,000—10,000 Da, was set as the default. In-
strument calibration parameters were determined using
standard peptide and protein mixtures. All measurements
were performed in a blinded manner, including patient
and control sera in one mixed approach.

Data Processing With ClinProTools Software

Data analyses were performed using Flex analysis v3.0
and ClinProTools v2.2 (Bruker Daltonics). ClinProTools
v2.2 uses a standard data preparation workflow, including
spectra pretreatment, peak picking, and peak calculation
operation, and was used to recognize peptide patterns in
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this study. For statistical analysis, a k-nearest neighbor
genetic algorithm, as implemented in this software suite,
was used to identify statistically significant differences in
protein peaks among the groups analyzed. The protein
fingerprint data were analyzed using ClinProTools v2.2.
Comparisons between patients with IDC and healthy con-
trols were performed with the Wilcoxon test; statistical
significance was assumed when the P value was < 0.001.

RESULTS

We analyzed the serum peptidome fingerprints of all 32
patients with IDC (all early stage disease) and 32 healthy
controls. We evaluated changes at the peptidome level in
the serum samples of 32 patients with IDC compared
with 32 healthy controls in the training set. By analyzing
the spectra (screened from two groups in the training set)
using ClinProTools software 2.2, we were able to iden-
tify proteomic patterns that clearly distinguished between
patients with IDC and healthy controls.

Peak Detection Based on MB-WCX Versus
MB-IMAC-Cu

The serum samples from the patients with IDC and
healthy controls were purified using MB-WCX and MB-
IMAC-Cau, respectively. Mass spectrometry analysis indi-
cated that there were 52 and 40 peaks, respectively, with
signal-to-noise ratios >5 detected between mass to charge
(m/z) 1,000-10,000 in the serum samples from the two
groups (Fig. 1).

Using MB-WCX magnetic beads on prefractionated
serum samples and MALDI-TOF MS revealed, on av-
erage, up to 52 peaks, of which 20 significant m/z peaks
(fold change > 1.5; P < 0.001 [Wilcoxon rank sum test])
were detected between the patients with IDC and the
healthy controls in the training set. Among the signifi-
cant peaks, 15 were upregulated in the patients with IDC
and the other five were down-regulated in the IDC group
(Table 1). While using MB-IMAC-Cu magnetic beads,
of at least 40 peaks, there were 16 significant m/z peaks
(fold change > 1.5; P < 0.001 [Wilcoxon rank sum test])
were detected between the patients with IDC and healthy
controls in the training set, among which five peaks were
upregulated and 11 peaks were downregulated in the IDC
group (Table 1).

The patients with IDC (red) and healthy controls
(green) had protein profiles from 1-10 kDa (Fig. 1A and
1B). Within this mass range, large numbers of differen-
tially expressed proteins or peptides were detected. By
observing the sample distribution chart of the patients
with IDC and controls, there were small overlapping areas
from the serum samples pretreated with MB-IMAC-Cu,

which accurately distinguished patients with IDC from
the control group (Fig. 1B).

Quality Control

To evaluate the reproducibility and stability of the mass
spectra, all samples were repeated three times for both
MB-WCX and MB-IMAC-Cu purification. The intra-
assay variation of each MALDI ProteinChip assay was
determined by MALDI profiling of ten aliquots of one
serum sample, and spotted randomly onto ten of the 384
wells of the ProteinChip arrays along with the 64 analyti-
cal samples. The mean value of the coefficient of variance
(CV) for all 52 MB-WCX peaks was 15.79%, with max-
imum and minimum values of 18.13% and 7.7%, respec-
tively. The mean value of the CV for all 40 MB-IMAC-Cu
peaks was 12.47%, with maximum and minimum values
of 16.2% and 4.2%, respectively.

Serum Protein Profiling Between Patients With IDC
Versus Healthy Controls

Based on CLINPROT analysis, the two most discrimi-
nating peaks obtained from WCX (m/z 4,962 and 4,264;
Fig. 2A and 2C; Table 1) distinguished between patients
with IDC and healthy controls. The two most discriminat-
ing markers from the MB-IMAC-Cu (m/z 4,493, 4,521)
also distinguished between patients with IDC and healthy
controls (Fig. 2B and 2D; Table 1).

Potential Biomarkers Detected by MB-WCX and
MB-IMAC-Cu

All detected peaks were used with a k-nearest neigh-
bor genetic algorithm in the ClinProt system to generate
a cross-validated classification model. The model con-
sisted of a set of three potential biomarkers (m/z: 4,209,
4,264, and 4,192), all of which were upregulated in the
IDC group; the AUC values were 0.99, 0.97, and 0.98,
respectively. Analyzing the training set based on the GA
algorithm model, patients with IDC could be discrimi-
nated from healthy controls with 93.48% sensitivity and
98.39% specificity.

For MB-IMAC-Cu, the model consisted of a set of five
potential biomarkers (m/z: 4,263, 4,208, 4,493, 4,521, and
1,170); the AUC values were 0.96, 0.92, 0.89, 0.85, and
0.81, respectively. Three biomarkers (m/z: 4,263, 4,208,
and 1,170) were upregulated in the IDC group, and two
biomarkers (m/z: 4,493 and 4,521) were downregulated
in the IDC group. Using biomarkers from MB-IMAC-
Cu based on the GA algorithm model, the training set
of patients with IDC were discriminated from healthy
controls with 88.89% sensitivity and 97.92% specificity.
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Fig. 1. Comparative profiling of serum peptides from IDC breast cancer (red) and healthy controls (green). (A) Mass spectra (1,000-10,000 Da) of
serum samples from IDC breast cancer patients (red) and age-matched controls (green) from WCX purification. (B) Mass spectra (1,000-10,000 Da)
of serum samples from IDC breast cancer patients (red) and age-matched controls (green) from IMAC-CU purification. Each sample represents
three replications.

DISSCUSSION detection is much more significant than any treatment.

By definition, early detection of cancer involves asymp-
tomatic patients. Thus, testing for cancer rises to the level
of population screening (12). For breast cancer, early

TABLE 1. The Mean Level of Differentially Expressed Proteins Between IDC Breast Cancer Patients and Healthy Controls

Therefore, more attention should focus on the early de-
tection of breast cancer. Currently, the tests used to di-
agnostic breast cancer include self-examination, clinical /

m/z MB-WCX Control IDC BC m/z MB-IMAC-Cu Control IDC BC
4,209 3.33 18.2 4 4,493 2.56 1.30 )
4,192 1.70 3.53 4 4,521 2.35 1.25 )
4,264 1.71 3371 8,927 1.54 0.60 |,
4,090 2.03 3.90 4,467 2.55 1.37 )
6,627 1.76 3.56 1 8,983 1.67 0.72 )
4,962 1.98 6.48 8,133 1.56 0.62 |,
5,901 1.73 4.78 ¢ 8,870 0.56 1.04 1
3,882 2.17 4.19 1 4,263 1.96 3.60
4,152 1.87 3.371 4,079 2.65 1.75 )
2,952 2.10 3.50 1,126 4.06 5.92 4
3,315 2.00 3.20 1 1,865 4.68 2.84 )
1,741 2.76 43714 4,106 2.48 1.73 )
4643 2.07 3.36 1 1,170 8.25 14.08 ¢
4,109 1.86 2.51 1 1,546 3.12 6.08
2,105 2.75 4.82 ¢ 4,208 2.35 4.62 ¢
1,866 5.60 3.40 | 2,210 4.37 2271
2,210 7.55 3.05) 1,108 12.76 20.20 1
2,082 5.01 3.14 1,456 2.92 7.19
3,274 3.76 2.30 )

1,466 5.21 331
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Fig.2. Comparison of serum proteins between IDC breast cancer patients (red) and controls (green). (A) Bivariate plot of the two most differentially
expressed protein peaks (4,962 Da and 4,264 Da) from WCX purification. (B) Bivariate plot of the two most differentially expressed protein peaks
(4,493 Da and 4,521 Da) from IMAC-CU purification. (C) Three-dimensional plot of IDC breast cancer (red) and healthy control (green) subgroup
separation in the component analysis module of WCX; (D) Three-dimensional plot of IDC breast cancer (red) and healthy control (green) subgroup
separation in the component analysis module of IMAC-CU, using all available peak data.

physical examination, and mammography, however, these
traditional tests do not achieve early detection of breast
cancer. The targeted location of resident breast cancer
makes visualization of tumors with different imaging tech-
niques relatively simple. For women with dense breasts,
the sensitivity of mammography is low (45.8%—-55%) (13),
and is even worse for women undergoing hormone re-
placement therapy (25%) (14). It is unlikely that a screen-
ing test will include imaging modalities, at least until fully
automated image analysis is available. Indeed, it is more
likely that a highly redundant blood-based assay which
measures many different components within each sample
will be developed.

Proteomic research is currently used worldwide in
the search for biomarkers of different types of cancer.

MALDI-TOF MS is being widely applied to analyze
serum samples for the diagnosis of human diseases and the
identification of potential biomarkers (15-20). For serum
proteomics approaches, such as MB-MALDI-TOF MS
(magnetic bead-based fractionation followed by MALDI-
TOF MS), could greatly increase the sensitivity of mass
spectra (16-20). However, different kinds of magnetic
beads have different capabilities in capturing proteins and
peptides in chromatography, which is of fundamental im-
portance in MALDI-TOF MS analysis. It has been re-
ported that MB-WCX can capture more proteins in serum
than strong anionic exchange magnetic beads, especially
in the low molecular weight range. MB-WCX has been
extensively applied to research involving tumor markers
(16, 17), such as prostate cancer (18, 19), gastric cancer

J. Clin. Lab. Anal.
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(16), bladder cancer (20), hepatocellular carcinoma (21),
and nasopharyngeal cancer (22). In the current study we
used two different kinds of magnetic beads (MB-IMAC-
Cu and MB-WCX) to preanalyze 32 patients with early
stage (stages I-II) IDC and 30 healthy control serum sam-
ples for proteomic profiling by MALDI-TOF MS anal-
ysis. The serum samples purified in the MB-WCX group
provided a better proteomic pattern than MB-IMAC-Cu.
The samples purified by MB-WCX had better average
peak numbers, higher peak intensities, and better captur-
ing ability of low abundance proteins or peptides in serum
samples. We showed that MB-WCX purification is better
suited in IDC biomarker research than MB-IMAC-Cu.
In addition, the MB-WCX and MB-IMAC-Cu purifi-
cation methods followed by MALDI-TOF MS identi-
fication with use of ClinProTools software accurately
distinguished patients with early stage IDC from healthy
individuals.

To date most studies which have identified serum
biomarkers for the detection of breast cancer have used
SELDI-TOF MS (23-29). The literature in which the
MALDI-TOF MS approach has been used in breast can-
cer is limited, including IDC in China. Van Winden et al.
adopted the SELDI technology to determine the density
difference between breast cancer and control groups, mak-
ing new progress compared with previous breast cancer
marker protein research (29). Gast et al. utilized SELDI
technology for protein profiling in serum to diagnose
breast cancer, showing that three peaks are significantly
correlated with breast cancer (26). Opstal-van Winden et
al. (2011) identified two SELDI-TOF MS peaks (m/z:
3,323 and 8,939), which likely represents doubly charged
apolipoprotein C-I and C3a des-arginine anaphylatoxin
(C3adesArg), and were higher in prediagnostic breast can-
cer serum (P =0.02 and P = 0.06, respectively) (30). In our
study, two candidate biomarkers (m/z: 4,209 and 4,264)
were upregulated in patients with IDC by MB-WCX pu-
rification, while similar potential biomarkers (m/z : 4,263
and 4,208) identified by MB-IMAC-Cu purification were
also overexpressed in IDC breast cancer patients. Thus,
these two candidate biomarkers will be further identified
by expanding samples from patients with IDC.

CONCLUSIONS

Our findings demonstrate that screening for serum pro-
tein patterns using magnetic bead purification (MB-WCX
as well as MB-IMAC-Cu) followed by MALDI-TOF MS
identification with ClinProTools software can accurately
distinguish patients with early stage IDC from healthy
individuals, and the MB-WCX purification method was
superior to MB-IMAC-Cu. For the high-throughput ca-
pability of this approach, the identified differentially ex-
pressed protein panel may improve the early detection of

J. Clin. Lab. Anal.

IDC. However, expanding the data set of patients with
IDC and different tumor stages, especially early stage tu-
mors, will aid the identification of clinically useful markers
for early IDC detection.
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