
Abstract. We used the Luminex assay to compare serum
cytokine profiles of breast cancer patients (BCa) to healthy
controls, node-positive (NP) patients to node-negative (NN),
and pre- and post-vaccination serum of BCa vaccinated with
a HER2/neu E75 peptide vaccine. Sera from 36 pre- and post-
vaccination BCa, (12 NP and 24 NN) and 13 healthy, female
donors, were evaluated using Luminex technology. Levels of
22 cytokines consisting of interleukin (IL)-1·, -1ß, -2, -4, -5, -6,
-7, -8, -10, -12, -13, -15, -17, IFN-Á, G-CSF, GM-CSF, TNF-·,
IP-10, MIP-1·, RANTES, eotaxin and monocyte chemotactic
protein-1 (MCP-1) were assessed. Six of 22 cytokines showed
significant differences between BCa and healthy controls.
MCP-1, eotaxin, RANTES and GM-CSF levels were signifi-
cantly elevated in BCa (P<0.009) and IL-1· and IL-4 levels
were significantly decreased in BCa (P<0.015). Cytokine levels
were generally elevated in NN patients compared to NP patients
with the exception of eotaxin and IL-13, which were increased
in NP patients. Three cytokines, IL-6, MIP-1· and G-CSF
reached statistical significance (P<0.05). In 34 vaccinated BCa,
MCP-1, eotaxin and IL-13 were significantly elevated post-
vaccination with MCP-1 demonstrating the most significant
response (median, 145.8-217.0 pg/ml, P=0.003). Using a
multiplex assay we found significant differences in cytokine
levels in sera of BCa compared to healthy controls, in NN
compared to NP patients, and in vaccinated patients. Our
results support an extended analysis of serum cytokine profiles
for the potential development of predictive panels in diagnosis,
staging and monitoring cancer vaccine trials.

Introduction

Despite the wide clinical use of serum tumor markers like
PSA, CEA and CA-125, the clinical utility for screening
patients for tumor-related proteins in the setting of breast
cancer has been limited. The ideal tumor marker for a screening
test must be tumor-specific, easily measurable in accessible
tissue (such as serum), and demonstrate near 100% sensitivity
and specificity in order to avoid false positive and negative
results. Unfortunately, such a tumor marker does not exist for
breast cancer. The lack of sensitivity and specificity of tumor
markers in general, but especially those related to breast
neoplasms, led to the 2001 recommendation of the American
Society of Clinical Oncology to discourage the routine use
of tumor markers in the context of breast cancer except in
specific circumstances (1).

Advances in technology in the field of proteomics have
shifted the focus from monitoring a single-tumor marker to
assessing multiple serum proteins and the development of
predictive protein patterns. Petricoin et al used serum protein
patterns to develop predictive panels in diagnosing ovarian
cancer at early stages (2). While the analysis in the study by
Petricoin et al included a whole spectra of protein expression,
mathematical modeling has shown that as few as seven to nine
proteins could be used for generating predictive patterns from a
given dataset (3). In these types of studies, the identity of the
proteins is often irrelevant. Therefore if predictive patterns of
unknown serum proteins exist, then one might question whether
predictive patterns of known tumor-related serum proteins
could also be present for the detection of cancer.

Cytokines are small polypeptides generally divided into
pro- and anti-inflammatory subsets. The former is produced
by type 1 T-helper cells (Th1) and the latter produced by the
type 2 T-helper cells (Th2). Another class of proteins called
chemokines is a subset of the cytokine family that is respon-
sible for chemotaxis of specific cells. Given that cytokines and
chemokines are serum proteins that are often associated with
the presence of tumor, a global approach on assessing multiple
cytokine concentrations as a measure of the interaction between
the immune system and the tumor may potentially yield new
methods that are useful for the diagnosis and/or prognosis of
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cancer patients. The Luminex multiplex technology is a recent
advance in protein profiling which has allowed for marked
efficiency in analyzing small volumes of specimens for a large
number of analytes in a significantly reduced amount of time.
Multiplexing technology has been utilized for detection of
multiple proteins to include enzymes, cytokines and other anti-
gens (4-6). In addition, this technology can also be used for
large-scale genetic analysis (7,8).

We are currently conducting phase I/II studies investigating
a HER2/neu immunogenic peptide (E75) with GM-CSF as a
simple vaccine strategy for breast and prostate cancer. We are
vaccinating immunocompetent patients with breast or prostate
cancer who are disease-free after standard conventional
therapies, but who are at high-risk for recurrence (9,10) in
order to determine if induced E75-specific immunity conveys
clinical benefit by preventing recurrence. In this study, we test
our hypothesis that serum cytokine analysis may be useful
for diagnosis, staging, and/or determining response to therapy
in the setting of breast cancer. Therefore, we have used
Luminex technology to assess simultaneously the serum levels
of 22 different cytokines in breast cancer patients before and
after vaccination with the E75 + GM-CSF vaccine. We have
compared the pre-vaccination serum cytokine profiles with
those of normal healthy donors. We have also looked for
differences in the cytokine levels based on stage of disease
among the breast cancer patients. Finally, we have evaluated
the differences in the serum cytokine profile after vaccination
with the HER2/neu-derived vaccine in order to determine
whether this type of analysis may be useful for monitoring
vaccine trials as well as, more generally, for diagnosing and/or
staging breast cancer patients.

Materials and methods

Patient characteristics and clinical protocols. The Department
of Clinical Investigation, Walter Reed Army Medical Center,
approved these clinical protocols. These clinical trials were
conducted under an Investigational New Drug Application
(IND#9187) approved by the Food and Drug Administration.
All patients had histologically-confirmed breast cancer that
expressed HER2/neu by standard immunohistochemistry. All
breast cancer patients had completed a standard course of
surgery, chemotherapy and/or radiation therapy, as required,
prior to enrollment. After screening for eligibility criteria and
proper counseling and consenting, these patients were enrolled
into the studies and were then HLA typed to determine their
HLA-A2 status since E75 binds this specific HLA allele
found in approximately 40-50% of the general population (11).
HLA-A2+ patients were vaccinated while HLA-A2- patients
were followed prospectively as matched controls for clinical
recurrence. Prior to vaccination, patients were skin tested with
a panel of recall antigens (Mantoux test = mumps, tetanus,
candida). Patients were considered immunocompetent if they
reacted (>5 mm) to ≥2 antigens.

Vaccine. The E75 peptide (>95% purity) was produced in
good manufacturing practices grade by Multiple Peptide
Systems (San Diego, CA). Sterility and general safety testing
was carried out by the manufacturer. Lyophilized peptide was
reconstituted in sterile saline at the following concentrations:

100 μg in 0.5 ml, 500 μg in 0.5 ml, and 1 mg in 0.5 ml. The
peptide was mixed with GM-CSF (Berlex, Seattle, WA) at
250 μg in 0.5 ml, and the 1.0 ml inoculation was split and
given intradermally at two sites within 5 cm of each other. All
inoculations were given in the same extremity.

NP vaccination series. The study was performed as a two-stage
safety trial. In the first stage, three patients were assigned to
each dose/schedule group receiving six monthly inoculations:
100 μg (100.6), 500 μg (500.6) or 1000 μg (1000.6) of E75
peptide + GM-CSF. A fourth group received 500 μg of
peptide + GM-CSF but only four inoculations (500.4), omitting
the fourth and fifth vaccinations. In the second stage, four
additional groups with six patients each were vaccinated as
follows: 500.4, 500.6, 1000.6 and 1000.4. All of the NP
vaccinated patients discussed in this manuscript belonged
to the second stage of this trial and were a part of the 500.6
(3 patients), 500.4 (3 patients), 1000.6 (3 patients) and 1000.4
(3 patients) categories, all receiving 250 μg of GM-CSF. The
choice of the patients from the second stage of the trial was
due to the implementation of a serum banking strategy that
was activated only during the second stage of the trial.

NN vaccination series. NN patients have also undergone
primary surgical and medical therapies and were considered
to be without evidence of disease at the time of enrollment into
the trial. The purpose of this ongoing trial is to determine
the optimal dose of the immunoadjuvant, GM-CSF, and the
optimal schedule of inoculations for the E75 + GM-CSF
vaccine. Patients are vaccinated according to a dose and
schedule escalation scheme (five groups with ten patients in
each). The first group of ten patients in the trial was vaccinated
with 500 μg of E75 peptide and 125 μg of GM-CSF under
schedule 1 (0, 1 and 5 months for a total of three doses), and
the second group was vaccinated with the same dosing but
under schedule 2 (0, 1, 2 and 5 months for a total of four
doses). The third group of ten patients is receiving 500 μg of
the E75 peptide vaccine in addition to 250 μg of GM-CSF
under schedule 2. The two remaining groups of the five total
groups are to be vaccinated with escalating doses of GM-CSF
and E75 peptide under either one of the two schedules. All of
the NN patients discussed in this manuscript were from the
first three groups.

Peripheral blood collection and preparation of serum.
Peripheral blood was drawn from patients prior to receiving
each inoculation and at one and six months after completing
the series for the isolation of cells used in immunological
monitoring assays of the clinical trials (12). For the preparation
of serum samples 10 ml of peripheral blood was drawn into a
Vacutainer Gel and Clot Activator tube (Becton-Dickinson,
Franklin Lakes, NJ), and centrifuged in order to separate out
the serum. The serum was aliquoted into NUNC-cryovial tubes
and placed in a -84˚C freezer. The pre- and post-vaccination
blood samples used for these studies were obtained prior to
the start of the vaccine series and one month after the second
vaccination, respectively. A preliminary study in six patients
(3 NP and 3 NN) monitoring the levels of cytokines monthly
after initiation of the vaccine series showed that the maximal
response usually occurred after two or three doses of vaccine
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for the majority of the cytokines reported. Thirteen commer-
cially available serum samples from females were used as
healthy controls in our study (Gemini Bio-Products, Woodland,
CA). The age range of these controls was 18-51 years. Bearing
in mind that variations could potentially arise from differences
in collection and processing methods, the procedures for
collection, preparation, freezing and thawing of all the serum
samples used in this study were performed in a highly con-
sistent manner including the collection and handling of the
commercial samples. None of the serum samples had been
previously thawed prior to thawing for the Luminex assay.

Serum cytokine analysis by Luminex technology. We used the
Luminex 100 system (Luminex Corp., Austin, TX) in multiple
experiments to evaluate the sera from a total of 36 breast
cancer patients (24 NN and 12 NP) who were deemed without
evidence of disease following standard therapies. Levels of 22
cytokines consisting of interleukin (IL)-1·, -1ß, -2, -4, -5, -6,
-7, -8, -10, -12, -13, -15, -17, IFN-Á, G-CSF, GM-CSF, TNF-·,
IP-10, MIP-1·, RANTES, eotaxin and MCP-1 were assessed.
The assays were repeated and our data was replicated. We
used the Lincoplex Kit (Linco Research, St. Charles, MO).
Briefly, 25 μl of diluent and 25 μl of serum were added to each
well. Mixed micro-beads (25 μl) were added. The plate was
incubated and agitated for 1 h, washed and re-incubated with
25 μl of detection antibody for 30 min. The plate was washed
again and incubated with 25 μl of Streptavidin-Phycoerythrin
for 30 min. The plate was then washed twice and the beads

were re-suspended in the plate with 100 μl sheath fluid and
analyzed using the Luminex 100 system. The readout for the
concentration of each cytokine was detected as mean fluor-
escence intensity (MFI) by the instrument. These values were
subsequently converted to pg/ml of cytokine based upon the
MFI values from a set of standards that were run simultan-
eously in the assay. The cytokine RANTES had a higher MFI
than the maximum standard dilution tested in its concentration
curve. The assay could not give an absolute pg/ml value for this
cytokine given that the MFI exceeded the standard dilution.
We used a value higher than the most concentrated standard
dilution as an absolute value for RANTES. Usage of this
absolute value versus the MFI for RANTES did not alter the
analysis of the results.

Statistics. Summary statistics were obtained using established
methods. Associations between non-parametric categorical
variables were evaluated using the Wilcoxin sign rank test for
the related data and the Wilcoxin rank sum test for unrelated
data. A value of <0.05 was considered significant.

Results

Serum cytokine levels in breast cancer patients versus healthy
individuals. For the comparison of serum cytokine levels
between cancer patients and healthy individuals we tested
sera from 13 healthy females and 22 breast cancer patients.
The average age of the breast cancer patients was 59.7 years.
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Table I. Median serum levels of selected cytokines in 13 normal, healthy controls and 22 breast cancer patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Control (pg/ml) (n=13) Cancer (pg/ml) (n=22)
–––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––––––

Cytokines Median Min Max Median Min Max P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
IL-1· 11.18 5.50 17.04 8.800 7.01 24.47 0.007
IL-1ß 2.64 2.41 2.89 2.690 2.53 3.49 0.18
IL-2 1.47 1.04 2.61 1.610 1.15 2.45 0.35
IL-4 11.05 6.68 15.38 7.200 5.64 157.74 0.015
IL-6 0.00 0.00 89.50 0.000 0.00 0.00 NS
IL-8 2.57 0.80 6.63 2.690 1.36 26.34 0.25
IL-10 1.66 0.24 2.67 1.550 0.67 6.30 0.64
IL-12 3.42 3.06 3.73 3.500 3.28 4.08 0.25
IL-13 12.33 7.81 19.22 13.420 10.67 27.01 0.29
IL-15 0.12 0.00 1.81 0.490 0.00 5.31 0.24
IL-17 0.00 0.00 3.10 0.135 0.00 2.22 0.41
IP-10 58.00 9.00 287.00 64.750 28.00 185.00 0.20
MCP-1 50.28 0.00 73.84 131.58 21.55 220.93 0.001
MIP-1· 25.64 15.51 58.56 26.860 19.76 45.45 0.20
RANTESa 13361 5534.50 20569.00 22343.500 7481.00 24703.00 0.0001
Eotaxin 18.28 16.25 26.79 30.220 16.61 88.30 0.001
G-CSF 0.00 0.00 0.00 0.000 0.00 0.00 NS
GM-CSF 2.56 1.86 2.81 2.950 2.26 3.99 0.009
IFN-Á 5.00 4.42 5.66 5.330 4.78 6.26 0.09
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aRANTES is measured in MFI. IL, interleukin; IFN-Á, interferon-Á; IP-10, IFN-Á inducible protein-10; MIP-1·, macrophage inflammatory
protein-1·; RANTES, regulated on activation normal T cell expressed and secreted; GM-CSF, granulocyte-macrophage colony stimulating
factor; G-CSF, granulocyte-colony stimulating factor; MCP-1, monocyte chemotactic protein-1.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Approximately 52% of the patients had received chemotherapy
with an average of 28.7 months elapsed from the end of
chemotherapy to enrollment into our protocol. Four cytokines
(RANTES, GM-CSF, eotaxin and MCP-1) had statistically
significant increases in the sera of cancer patients (Table I).
MCP-1 median (range) serum level was markedly elevated in
cancer patients versus controls [131.6 pg/ml (21.6-220.9 pg/
ml) versus 50.3 pg/ml (0-73.8 pg/ml), respectively] (P=0.001)
(Fig. 1). Seven cytokines (IL-2, IL-8, IL-15, IL-13, IP-10,

MIP-1· and IFN-Á) had an identifiable increase in cancer
patients as measured by serum median levels; however, they
did not reach statistical significance. Three cytokines (IL-1ß,
IL-12 and IL-17) did not show any marked changes between
cancer and control groups. Four of the 22 cytokines (IL-5,
IL-7, G-CSF and TNF-·) had no reactivity. IL-6 had minimal
values for only two NN patients. Interleukins 1·, 4 and 10
demonstrated a decrease in serum levels of cancer patients
while the former two reached statistical significance (Table I).
These data suggest a generalized pro-inflammatory state in
the cancer patients compared to normal healthy donors that
may be suggestive evidence of an ongoing or previous endo-
genous anticancer immune response.

Serum cytokine levels in NP versus NN breast cancer patients.
Serum samples from a total of 36 patients (12 NP and 24 NN)
were used for the comparison of cytokine levels in NP versus
NN breast cancer patients. The average age for the NP and
NN cohorts was 54 and 53 years, respectively. Approximately
44% of NN patients and 92% of the NP patients had received
chemotherapy (P=0.02) and the average duration from end
of chemotherapy to enrollment was 25.2 and 14.2 months,
respectively (P=0.33). Overall, compared to the NP patients,
the NN patients had increased levels of most cytokines except
eotaxin and IL-13, which were increased in NP patients
(Table II). Seven cytokines (RANTES, MCP-1, IL-1·, IL-6,
IP-10, MIP-1· and G-CSF) were substantially increased in
the NN cohort (Fig. 2). The NN serum levels of IL-6, MIP-1·
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Figure 1. Selected serum cytokine levels in breast cancer versus control
patients. Serum was collected from 22 breast cancer patients and 13 normal,
healthy controls and was analyzed for levels of 22 cytokines using Luminex
technology. Results are expressed as median values in pg/ml. *Statistically
different findings (P<0.05). RANTES is measured in MFI.

Table II. Median serum levels of selected cytokines in 36 node-positive (NP) and node-negative (NN) breast cancer patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

NP (pg/ml) (n=12) NN (pg/ml) (n=24)
–––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––––

Cytokines Median Min Max Median Min Max P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
IL-1· 0.0 0.00 33.90 7.6 0.0 117.9 0.224
IL-1ß 3.9 3.80 4.30 4.1 2.6 6.0 0.084
IL-2 0.0 0.00 0.00 0.0 0.0 2.1 0.70
IL-4 0.0 0.00 57.90 0.0 0.0 1679.2 0.27
IL-6 9.4 0.00 20.20 14.7 0.0 525.9 0.04
IL-8 0.0 0.00 54.40 0.0 0.0 437.7 0.19
IL-10 0.0 0.00 0.00 0.0 0.0 3.8 0.56
IL-12 0.0 0.00 0.00 0.0 0.0 3.9 0.11
IL-13 19.2 2.90 40.70 10.5 0.0 51.0 0.11
IL-15 0.0 0.00 0.00 0.0 0.0 9.7 0.56
IL-17 1.6 1.36 2.70 1.6 0.1 3.6 0.46
IP-10 56.5 36.70 180.00 110.4 11.6 492.2 0.15
MCP-1 116.1 40.80 244.60 187.4 28.8 617.3 0.10
MIP-1· 2.4 0.00 294.20 6.2 0.8 34.0 0.02
RANTESa 20011.0 18018.00 23159.00 22535.0 7481.0 24703.0 0.41
Eotaxin 48.3 11.30 86.30 39.9 0.0 374.5 0.61
G-CSF 13.1 0.00 33.70 23.4 0.0 63.5 0.02
GM-CSF 0.0 0.00 1.44 0.0 0.0 10.2 0.25
IFN-Á 0.0 0.00 0.00 0.0 0.0 247.6 0.09
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aRANTES is measured in MFI. IL, interleukin; IFN-Á, interferon; IP-10, IFN-Á inducible protein-10; MIP-1·, macrophage inflammatory
protein-1·; RANTES, regulated on activation normal T cell expressed and secreted; GM-CSF, granulocyte macrophage-colony stimulating
factor; G-CSF, granulocyte-colony stimulating factor; MCP-1, monocyte chemotactic protein-1.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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and G-CSF compared to NP cohort were 14.7 versus 9.4 pg/ml,
6.2 versus 2.4 pg/ml, and 23.4 versus 13.1 pg/ml, respectively
(P<0.05). Two cytokines, IL-1ß and IL-17, did not demonstrate
any changes between NN and NP patients. The levels of eight
cytokines, IL-2, -4, -8, -10, -12, -15, GM-CSF and IFN-Á, in the
serum samples of both NP and NN patients were found to be
below the limits of detection of this assay (Table II). In general,
these data suggest a more pronounced pro-inflammatory state
in the NN patients compared to the NP.

Cytokine levels in pre- and post-vaccination sera of breast
cancer patients. We are conducting a clinical trial of a HER2/
neu peptide-based vaccine in NN and NP breast cancer patients.
Serum samples from 34 patients were available for the
comparison of cytokine levels prior to and after vaccination
in order to investigate changes in serum cytokine patterns that
may be associated with our administration of the HER2/neu
E75-peptide vaccine. Blood drawn immediately prior to the
first vaccination was compared to the blood drawn after two
inoculations. Of the 22 cytokines screened, seven were
increased post-vaccination (Table III). These cytokines were
IL-1·, IL-6, IP-10, G-CSF, IL-13, eotaxin and MCP-1
(Fig. 3A). A statistically significant increase post-vaccination
in cancer patients compared to pre-vaccination time-points
were observed in IL-13 (19.2 versus 15.0 pg/ml), MCP-1
(217.0 versus 145.8 pg/ml) and eotaxin (55.8 versus 45.6 pg/
ml) (P<0.05), respectively. The serum level of IL-1· appr-
oached statistical significance. One cytokine serum level,
MIP-1·, was decreased post-vaccination (Table III). The
remainder of the cytokines did not demonstrate significant
changes. These data suggest that the vaccine may be inducing
a more pro-inflammatory state.

Cytokine levels in pre- and post-vaccination sera of NN versus
NP breast cancer patients. Serum samples from a total of 10
NP and 24 NN patients were available for analysis of cytokines
at the pre- and post-vaccination time-points. In the NN group,
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Figure 2. Selected serum cytokine levels in NP versus NN breast cancer
patients. Serum was collected from 12 NP and 24 NN breast cancer patients
and was analyzed for levels of 22 cytokines using Luminex technology.
Results are expressed as median values in pg/ml. *Statistically different
findings (P<0.05). RANTES is measured in MFI.

Table III. Median pre- and post-vaccination serum levels of selected cytokines in 34 breast cancer patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Pre-vaccination (pg/ml) (n=34) Post-vaccination (pg/ml) (n=34)
–––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––

Cytokines Median Min Max Median Min Max P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
IL-1· 2.3 0.0 117.9 11.7 0.0 164.7 0.11
IL-1ß 4.0 2.6 6.0 4.1 2.7 7.8 0.76
IL-2 0.0 0.0 2.1 0.0 0.0 2.1 0.18
IL-4 0.0 0.0 1679.2 0.0 0.0 1174.4 0.06
IL-6 14.7 0.0 525.9 18.8 0.0 480.4 0.42
IL-8 0.0 0.0 437.7 0.0 0.0 431.2 0.60
IL-10 0.0 0.0 3.8 0.0 0.0 5.4 0.47
IL-12 0.0 0.0 3.9 0.0 0.0 3.6 0.54
IL-13 15.0 0.0 51.0 19.2 0.0 74.9 0.04
IL-15 0.0 0.0 9.7 0.0 0.0 3.6 NS
IL-17 1.6 0.1 3.6 1.6 0.4 4.4 0.18
IP-10 95.5 11.6 492.2 97.5 14.1 908.1 0.59
MCP-1 145.8 28.8 617.3 217.0 35.9 579.8 0.003
MIP-1· 5.8 0.0 294.2 3.9 0.0 135.4 0.72
RANTESa 22552.0 7481.0 24703.0 22538.0 3715.0 24353.0 0.84
Eotaxin 45.6 0.0 374.5 55.8 6.9 457.0 0.01
G-CSF 20.6 0.0 63.5 26.1 0.0 62.8 0.28
GM-CSF 0.0 0.0 10.2 0.0 0.0 14.7 0.71
IFN-Á 0.0 0.0 247.6 0.0 0.0 5.4 0.23
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aRANTES is measured in MFI. IL, interleukin; IFN-Á, interferon-Á; IP-10, IFN-Á inducible protein-10; MIP-1·, macrophage inflammatory
protein-1·; RANTES, regulated on activation normal T cell expressed and secreted; GM-CSF, granulocyte macrophage-colony stimulating
factor; G-CSF, granulocyte-colony stimulating factor; MCP-1, monocyte chemotactic protein-1.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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the serum eotaxin level increased post-vaccination from
39.9 to 58.4 pg/ml (P=0.03), while in the NP cohort the post-
vaccination level decreased from 54.7 pg/ml at pre-vaccination
time-point to 50.2 pg/ml (P=0.14) (Fig. 3B and C). Post-
vaccination serum MCP-1 level was increased in both NN and
NP subsets. However, NP patients demonstrated a statistically
significant increase in sera MCP-1 level between pre- to post-
vaccination (116.1 versus 134.9 pg/ml, P=0.01), respectively.
The latter finding may be significant since the NP patients
were found to be deficient of this apparently important pro-
inflammatory cytokine compared to the NN patient group.

Discussion

In this study, we have shown that breast cancer patients
without evidence of disease following standard therapies
have elevated levels of pro-inflammatory mediators including
MCP-1 and eotaxin in their serum when compared to healthy
individuals. Within the group of breast cancer patients, NN

patients demonstrated higher levels of pro-inflammatory
mediators compared to NP patients with the exception of
eotaxin and IL-13, which were increased in NP patients.
Analysis of post-vaccination sera from breast cancer patients
receiving a HER2/neu E75-peptide vaccine showed that the
pro-inflammatory cytokines eotaxin and MCP-1 were increased
in response to the vaccination. Collectively, these overall
differences in serum cytokine profiles may be indicative of
an endogenous immune response to the cancer state. More
importantly, the differences may be exploited to develop
predictive serum cytokine patterns or included with other
serum tumor markers for the evaluation of more accurate
serum tests that can be utilized in the screening, diagnosis
and staging of breast cancer patients.

One concept of cancer immunity in the field of immuno-
therapy is the assumption that tumors can invoke a generalized
anergic state in the host (13,14). Halak et al demonstrated
that murine bladder tumors (MB-49) induce stromal cells to
produce IL-10, evoking a Th2-type immunity and failure of the
immune system to prime for the cancer-specific antigen (HY).
Performing the same experiment in IL-10 knockout mice
allowed for a Th1-type immunity and adequate priming of
HY-specific T cells (13). Others have reported that tumor
escape from the immune system is not due to global anergy, but
rather is due to a lack of quantitative immunologic response to
the tumor (15). In our study, we observed a decreased immune
response as measured by levels of serum pro-inflammatory
cytokine in the patients exposed to larger tumor burdens. The
observation of increased serum levels of Th1-type cytokines
such as MCP-1 and IL-1· in the NN versus the NP cohort
while demonstrating increased IL-13 levels in NP versus NN
patients further supports this statement. Since the majority of
our cancer population consisted of NN patients, we observed an
increased pro-inflammatory cytokine profile (RANTES, eotaxin
and MCP-1) in the cancer group as compared to controls. This
suggests the possibility that the vigorous immune response
observed in our NN patients may have produced a protective
effect and a survival advantage in these individuals.

The majority of the cytokine analyses, whether in the
tumor microenvironment or serum, have been performed using
enzyme linked immuno-sorbent assay (ELISA) technology.
The sensitivity of ELISA is appreciably enhanced by the
development of dissociation-enhanced lanthanide fluoro-
immunoassay (DELFIA) (6). Even though these technologies
have demonstrated good sensitivity and specificities, their
use is accompanied with certain shortcomings. First, they are
capable of measuring only one protein at a time. This limitation
would translate into utilization of a large volume of specimen
while attempting evaluation of multiple proteins. Furthermore,
ELISA assays are time consuming and labor intensive. In
contrast, multiplexing platforms allow for using as little as
25 μl of serum for analyzing as many as 100 cytokines or
other analytes, and the assay can be completed in a day.

To our knowledge, no studies attempting a thorough
profiling of multiple Th1 and Th2 serum cytokines in the
context of breast cancer, especially in NN versus NP patients,
have been published. However, there are reports of isolated
serum cytokine analysis, largely limited to one or two cyto-
kines, in the context of breast cancer as well as other malig-
nancies. In their study of MCP-1 serum levels in breast cancer
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Figure 3. Selected serum cytokine levels pre- and post-vaccination in 34
breast cancer patients analyzed for levels of 22 cytokines at two separate
time-points in the vaccination schedule. (A) All patients, (B) NN patients,
and (C) NP patients. Results are expressed in pg/ml and median values,
asterisks and P-values indicate statistically significant findings. R0, pre-
vaccination (immediately prior to receiving vaccine); R2, post-vaccination
(a month after receiving the 2nd dose of vaccine).
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patients, Lebrecht et al did not demonstrate any significant
difference in serum levels of invasive, DCIS, benign disease
or normal patients but found a correlation between MCP-1
levels and tumor stage as well lymph node involvement (16).
In contrast, a retrospective study evaluating the serum MCP-1
levels in patients with primary ovarian cancer, recurrent ovarian
cancer, benign ovarian disease, and healthy women demon-
strated significant elevated serum levels of MCP-1 in patients
with malignant disease compared with healthy controls (17).
MCP-1 and eotaxin are both members of the C-C chemokine
family and function in chemotaxis of monocytes and eosino-
phils, respectively (18-20). The cytokine MCP-1 has been
extensively studied in the context of the tumor microenviron-
ment and is implicated in tumorigenesis, angiogenesis and the
metastatic process (21,22). Eotaxin, however, has been studied
in allergic pathways and mammary ductal morphogenesis
(23). The observation that MCP-1 and eotaxin were consistently
elevated in sera of cancer population versus controls as well
as post-vaccination time-points compared to pre-vaccinated
time-points is indeed intriguing and may warrant further
evaluation of their role in disease in breast cancer patients.

Proteomics assays have been used successfully in screening
and correctly diagnosing patients with early ovarian cancer
(2,3). Our findings in this study represent an initial investigation
of the utility of multiplex technology for a combined application
of screening for cytokine immuno-profiles and vaccine-
responses in breast cancer patients participating in a cancer
peptide vaccine clinical trial. We acknowledge that albeit
intriguing and promising, these are preliminary results that have
some limitations with room for improvement. For example,
there was a lack of uniformity in vaccine dosing to our patient
population. The pre-vaccination time-point, however, would not
have been affected by this discrepancy. The post-vaccination
time-point analysis of patients based on the different doses of
the E75 peptide and GM-CSF certainly could have an impact
but did not reveal any significant changes in serum cytokine
profiles (data not shown); although, a strong limitation is
imposed on this conclusion by the small number of patients
in each of these groups. Furthermore, the role and influence
of GM-CSF in this study certainly did not escape our concern.
All of our NP patients received 250 μg of GM-CSF in con-
tradistinction of 125 μg of GM-CSF given to most of the NN
cohort. If the GM-CSF dosing would affect serum cytokine
levels to any significant amount, one would expect that change
to become apparent in the NP group due the higher dose of
GM-CSF received. This, however, was not our observation.
In fact, the NN cohort had the highest levels of all cytokines
except eotaxin and IL-13 (neither of which reached statistical
significance). The sample size was also relatively small and
did not allow adequate statistical analyses of some subset
comparison groups.

We are also aware of the difference in the treatment
protocols of our NN and NP breast cancer patients. Given that
NP patients received chemotherapy significantly more often
than their NN counterparts, it would be feasible to question
whether such cytokine differences are due to the immuno-
modulating effects of the cytotoxic agents rather than represen-
tative of the tumor-immune system interaction. However, all
of our treated patients' serum specimens were obtained at
least 14 months following completion of chemotherapeutic

regimens and therefore any cytokine pattern modulation
detected would be unlikely to represent the direct result of
cytotoxic agents at the time of serum donation. However,
further studies with pre-treatment patient populations are
needed to answer this concern.

In conclusion, we have demonstrated statistically significant
differences in the serum cytokine levels of breast cancer
patients compared to healthy controls, NP versus NN patients,
and in vaccinated patients comparing pre- and post-vaccination
serum samples. These differences are intriguing and may hold
promise for the further development of serum screening assays
potentially useful in diagnosis as well as in staging of breast
cancer. Furthermore, cytokine profiles may be useful for the
immediate ex vivo monitoring and evaluation of cancer vaccines
and clinical trials.
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