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Abstract

Purpose The carbohydrate sialyl Lewis* (sLeX) mediates cell adhesion, is critical in the normal function of immune cells,
and is frequently over-expressed on cancer cells. We assessed the association, differential levels, and prognostic value of
sLeX and inflammatory cytokines/chemokines in breast cancer sera.

Methods We retrospectively measured sLeX and a panel of cytokines/chemokines in the sera of 26 non-invasive ductal car-
cinoma in situ (DCIS), 154 invasive non-metastatic breast cancer (non-MBC), 63 metastatic breast cancer (MBC) patients,
and 43 healthy controls. Differences in sLeX and inflammatory cytokines among and between patient groups and healthy
controls were assessed with nonparametric tests and we performed survival analysis for the prognostic potential of sLe*
using a cut-off of 8 U/mL as previously defined.

Results Median serum sLeX was significantly higher than controls for invasive breast cancer patients (MBC and non-MBC)
but not DCIS. In univariate analysis, we confirmed patients with serum sLe* > 8 U/mL have a significantly shorter progres-
sion-free survival (PFS) (P =0.0074) and overall survival (OS (P=0.0003). Similarly, patients with high serum MCP-1 and
IP-10 had shorter OS (P=0.001 and P <0.001, respectively) and PFS (P=0.010 and P <0.001, respectively). sLeX, MCP-1
and IP-10 remained significant in multivariate survival analysis.

Conclusion Elevated serum sLe* was associated with invasive cancer but not DCIS. High serum sLeX levels were associated
with inflammatory mediators and may play a role in facilitating local invasion of breast tumor. Furthermore, serum MCP-1,
IP-10 and sLeX may have prognostic value in breast cancer.
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Introduction cognate carbohydrate ligands presented on glycoproteins and

glycolipids [1-3]. Increased sialylation is a common feature

The regulation of cell adhesion is a critical process through-
out the development of metastatic cancer. Both heterotypic
and homotypic cancer cell adhesion are mediated in part by
specific interactions between cell surface lectins and their
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in the glycoconjugates of malignant cells [4]. Sialyl Lewis
X (sLeX) is a mucin-associated carbohydrate ligand on can-
cer cells that binds to its receptor E-selectin on endothelial
cells to mediate adhesion between the cancer cells and the
endothelium. E-selectin plays a pivotal role in the capture
and rolling of cancer cells on the surface of endothelial cells.
Surface expression of sLeX on cancer cells mediates their
tethering and rolling along vascular endothelium expressing
E-selectin, thereby facilitating migration and dissemination
of cancer cells, potentially leading to metastasis. Aberrant
expression of sLeX is associated with tumor formation and
metastasis [5] and the level of sLeX was found to be ele-
vated in the sera of patients with metastatic breast cancers
(MBC) [6] and correlated with metastasis [7]. Furthermore,
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overexpression of sLeX was associated with higher tumor
stage [8] poorer prognosis and malignant relapse [9].

Using an immunoassay (CSLEX; Nittobo Medical Co.
Ltd., Japan), it is possible to measure sLeX in serum and
it has been reported that the level is associated with clini-
cal stage and response to treatment of breast cancer [10].
Using a cut-off of 8 U/mL for sLeX, serum sLeX in com-
bination with CA15-3 (Cancer Antigen-Breast) was found
to be more useful than carcinoembryonic antigen (CEA)
and tumor marker CA15-3 combined in monitoring breast
cancer patients [10]. Others have demonstrated that gene
transcripts of sLeX are significantly increased in estrogen
receptor alpha-negative (ER-negative) tumors compared
with that of ER-positive ones. In this study, serum sLe*
level had no association with survival, irrespective of ER
expression by their tumors. However, high expression of
sLeX in ER-positive tumors is correlated with metastasis
to the bone where the sLeX receptor, E-selectin, is constitu-
tively expressed [11].

Typically, initial adhesion of leukocytes to a site of injury
is mediated by E-selectin, the specific receptor for sLeX [12].
In tumors, E-selectin plays a pivotal role in recruiting leuko-
cytes to the tumor microenvironment where immune-specific
tumor lysis can trigger a storm of inflammatory cytokines
inducing the over-expression of E-selectin on endothelial
cells of blood vessels [13]. sLeX on the tumor cells inter-
acts with E-selectin on endothelial cells to initiate motility
by causing tumor cells to roll on the endothelium. Whereas
sLeX binds to E-selectin to facilitate metastasis, inflam-
matory cytokines may enhance the metastatic potential of
human cancer by upregulating the expression of E-selectin
on endothelial cells.

Abnormal expression of sLeX has attracted much atten-
tion because of its function in cancer cell extravasation,
mimicking a molecular mechanism involved in leukocyte
extravasation [14—16]. In colorectal cancer, the high expres-
sion of sLeX in adenomas was correlated with a high degree
of dysplasia [17]. In patients with small cell lung cancer,
preoperative serum sLeX values were associated with patho-
logical stages and survival after surgery [18].

In this study, we evaluated the serum expression of sLeX
and a panel of 39 inflammatory proteins. The primary
aims were to compare differential serum levels of sLeX in
patients with non-invasive ductal carcinoma in situ (DCIS),
metastatic (MBC) and non-metastatic breast cancer (non-
MBC) as well as healthy donors (HD) with the hypothesis
that higher serum sLe* would correlate with higher disease
stage, and second to confirm previous publications that
serum sLe* > 8U/mL is correlated with decreased survival.
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Methods
Patient characteristics

This retrospective study was approved by the MD Ander-
son Institutional Review Board (IRB) as LAB09-0347 for
the evaluation of patients with non-invasive DCIS, invasive
breast cancer (MBC), and healthy donors (HD) who have
participated in previous diagnostic protocols at MDACC
(IRB approved as LAB09-049, 2005-0243, 1D02-052,
2006-1072, ID02-458, LAB03-0479, LAB05-0083, ID99-
231, LAB08-0231, and LAB08-0199). A request for waiver
of informed consent was approved for this retrospective
study as it posed no more than minimal risk and would
not adversely affect the rights or welfare of the patients.
Serum samples were collected pre-treatment or at the start
of a new line of therapy. Patients were classified as having
hormone receptor (HR)-positive tumors if estrogen recep-
tor (ER) and/or progesterone receptor (PR) were expressed
at> 10% by immunohistochemistry (IHC) of the primary
tumor. Likewise, patients were categorized as human epi-
dermal growth factor receptor 2 (HER2) enriched if either
the primary tumor had a fluorescent in situ hybridization
(FISH) HER2:CEP 17 ratio > 2 or Il + by IHC if FISH was
not performed.

Measurement of sLe*

Sera from 243 patients (26 with DCIS, 154 with non-MBC,
63 with MBC), and 43 HD were assayed for sLeX using a
two-step sandwich enzyme immunoassay method (Nittobo
Medical Co., Japan). Briefly, 20 pL of sera were incubated
in a 96-well plate coated with anti-sLeX monoclonal anti-
body in a buffer solution for 2 h at 37 °C to enable the cap-
ture of sLeX. Thereafter, the plates were washed to remove
unbound proteins. Next, horseradish peroxidase-labeled
secondary antibody was added to the antibody-sLeX com-
plex in buffer solution to form a sandwich complex of anti-
body—antigen—antibody and incubated for 2 h at 37 °C.
Again, unbound proteins were washed out before the addi-
tion of substrate TMB (3,3,5,5'-tetramethylbenzidine). The
absorbance was measured from the result of the enzymatic
reaction. Because the strength of absorbance is closely
related to the concentration of sLeX in the patient serum, the
sLeX concentration was estimated using the standard curve.

Serum cytokines and chemokines

A panel of 39 cytokines and chemokines including MCP-1
and IP-10 were measured in a 25 pL. sample using the
Millipore Milliplex Human Cytokine/Chemokine Panel
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I, a multiplex assay kit (Millipore Corp, Billerica, MA),
and a Luminex Analyzer 100 (Austin, TX), as previously
described [19].

Statistical analysis

The primary objective was to compare the serum level of
sLeX in healthy individuals and patients with ductal car-
cinoma in situ (DCIS), non-metastatic breast cancer (non-
MBC) and metastatic breast cancer (MBC). The second-
ary objective was to evaluate the prognostic value of sLe*
in patients with primary breast cancer (Stages I-III). The
non-parametric Mann—Whitney U tests or Kruskal-Wal-
lis H tests were used to determine the differences in sLeX,
cytokine, and chemokines levels between/or among patient
groups and HD. Spearman’s correlation was used to deter-
mine the correlation between the serum levels of sLe* and
tumor-promoting inflammatory mediators. Overall survival
time was calculated from the time of sample to death (event)
and, progression-free survival (PFS) time from sample time
to progression or death whichever happens the first (event)
or last follow-up time (censor). Only patients with Stage
I-IV breast cancers (no DCIS) were included in the time-
to-event analysis. OS and PFS times were estimated using
the Kaplan—Meier method and compared between or among
patients’ characteristics groups using log-rank test. A pre-
determined cut-point of 8 U/mL was used for sLeX, and for
cytokines, a cutoff was established at the 95th percentile of
the mean of the healthy donors. Cox proportional hazard
models are applied to estimate the effect of covariates of
interest on OS and PFS times. Stepwise selection method
is used to choose the statistically significant covariates that
are associated with OS and PFS times. All computations are
carried out in SAS 9.3 (SAS Institute Inc., Cary, NC, USA)
and Splus 8.2 (TIBCO Software Inc, Palo Alto, CA) with
plots generated in R (R Core Team (2017), Vienna, Austria)
and Graph Pad Prism (La Jolla, CA).

Results
Patient characteristics

The study included a total of 243 breast cancer patients
including 26 who presented with DCIS, 154 with primary,
non-metastatic disease and 63 with metastatic disease. The
median follow-up period for stage I-IV breast cancer was
74.4 months (95% CI 63.3-79.5 months). In addition, 43
healthy donors volunteered samples. Baseline patient charac-
teristics are shown in Table 1. There were 166 patients with
hormone receptor-positive tumors (HR); 90 patients were
HER2-enriched; 46 patients had triple-negative breast can-
cer (TNBC). The five patients that had low or weak-positive
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Table 1 Patient characteristics
Count Percentage

Type

DCIS (0) 26 10.7

Non-MBC (LI, III) 154 63.4

MBC (IV) 63 259

HD 43
Clinical stage

DCIS (0) 26 10.7

I 48 19.8

I 47 19.3

11 59 243

v 63 259
ER

Negative 79 325

Positive 164 67.5
PR

Negative 103 42.4

Positive 140 57.6
HR (ER or PR)

Negative 77 31.7

Positive 166 68.3
Her2

Negative 153 62.9

Positive 90 37.1
Triple negative

No 197 81.1

Yes 46 18.9

hormonal staining were classified TNBC (n=3) or HER2
(n=2). The clinic stages and subgroups of patients were
listed in Table 2.

sLe* and inflammatory cytokines elevated in breast
cancer

Compared with the median serum sLe* level in HD (1.6 U/
mL), the median serum levels of sLeX of DCIS (2.3 U/mL)
non-MBC (3.0 U/mL) and MBC (4.0 U/mL) were signifi-
cantly higher (all P<0.05) (Fig. 1). In confirmation of pre-
vious reports that suggested using 8 U/mL as a cut-off for
high levels of CSLEX [10], the 95th percentile of HD in the
current study’s cohort was 9.2 U/mL, confirming 8.0 U/mL
as a reasonable cut-off. Although not significant, patients
with MBC were more likely than those with non-MBC to
have serum sLeX levels above 8.0 U/mL (33.3% vs. 20.8%,
P=0.08).

Compared with HD, DCIS or non-MBC patients had
significantly higher median levels of epidermal growth
factor (EGF), eotaxin (CCL11), fibroblast growth factor
(FGF)-2, interferon (IFN)-a, interleukin (IL)-1 receptor

@ Springer



548

Breast Cancer Research and Treatment (2019) 176:545-556

Table 2 Clinical stages and distribution

Levels CSLEX P value
High (%) Low (%)
Breast cancer type
HD 3(7) 40 (93) 0.0106
MBC 21(33.3) 42 (66.7) 0.1366*
DCIS 5(19.2) 21 (80.8)
nMBC 32 (20.8) 122 (79.2)
Clinical stage
HD 3(7) 40 (93) 0.0202
0 5(19.2) 21 (80.8) 0.1926%*
I 8 (16.7) 40 (83.3)
I 8(17) 39 (83)
I 16 (27.1) 43 (72.9)
MBC 21(33.3) 42 (66.7)
Hormone
Negative 28 (36.4) 49 (63.6) 0.0019
Positive 30 (18.1) 136 (81.9)
HER2
Negative 35(22.9) 118 (77.1) 0.6361
Positive 23 (25.6) 67 (74.4)
TNBC
Non-TNBC 42 (21.3) 155 (78.7) 0.0538
TNBC 16 (34.8) 30 (65.2)
*Excluding HD cases

antagonist (RA), IL-1a, IL-1p, IL-2, IL-4, IL-6, IL-8,
monocyte chemotactic protein (MCP)-1, MCP-3, mac-
rophage inflammatory protein (MIP)-1f, and transforming
growth factor (TGF)-a and lower growth-regulated onco-
gene (GRO). Samples from DCIS patients had significantly
higher levels of IL-5, IL-9 and IL-12p40 than HD serum
samples. MBC patients also had significantly higher serum
levels of EGF, eotaxin, interferon gamma response protein
(IP)-10, IL-1RA, IL-1p, IL-6, IL-8, IL-10, MCP-1, MCP-
3, MIP-1f, sCD40L and tumor necrosis factor (TNF)-a
than those of HD. Compared with DCIS or patients with
non-MBC, those with MBC had a significantly higher
level of IP-10 (P=0.0001) and a higher level of MCP-1
(P <0.0001) (Fig. 1) as well as higher levels TGF-a and
lower IL-2 and TGF-f (not shown). Furthermore, from
an analysis of all study samples, there were positive cor-
relations between the serum level of sLe* and the lev-
els of growth factors EGF, and FGF, pro-inflammatory
cytokines IL-1a, IL-1f, IL-1RA, IL-2, IL-2RA, IFN-a2,
TGF-a, TNF-B, and chemokines IL-8 (CXCL8), frac-
talkine (CX3CL1), MIP-1p (CCL4) and MCP-3 (CCL7)
and a negative correlation for GRO (CXCL1) (Spearman
correlation, P <0.05; Table 3, Fig. 2). Additional summary
statistics are provided in a supplemental table.
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Survival analysis

Progression-free survival (PFS) and overall survival (OS)
were assessed in stage [-IV breast cancer patients based on
sLeX stratification at 8 U/mL. The median follow-up time
was 74.4 months and the median PFS and OS were not
reached. For MBC patients, the median PFS was 8.5 months
(95% CI 6.1-18.2) and median OS was 26.7 months (95%
CI 13.8—not reached). In univariate analysis, clinical patho-
logical features including clinical stage, ER/PR negativity,
TNBC status (but not HER2 alone) and sLeX status were
all associated with decreased PFS and OS. Patients with
a serum sLeX level above the predetermined level of 8 U/
mL have a significantly shorter PFS (P=0.0074) and OS
(P=0.0003) (Fig. 3 top). Five-year OS is 84.9% in patients
with serum sLeX <8 U/mL group compared to 58.6%
patients with sLeX >8 U/mL.

The primary end-point of the study was to determine the
prognostic utility of CSLEX with a pre-defined cut-off of
8 U/mL in primary breast cancer (Stage I-III). The study
included 154 non-MBC patients of whom 25 were diagnosed
with inflammatory breast cancer (IBC). The full cohort of
non-MBC patients (including IBC) with serum sLe* > 8.0 U/
mL had a trend towards shorter PFS (P=0.07) and signifi-
cantly shorter OS (P=0.0047) (Fig. 3 bottom) compared to
patients with serum sLeX < 8.0 U/mL. Excluding inflamma-
tory breast cancer (not shown) there were 129 patients with
non-MBC with an median follow-up of 81.1 months (range 6
to 135 months). There were three deaths, all in patients with
serum sLeX > 8.0 U/mL (log-rank P =0.0003).

To characterize additional systemic inflammatory factors
in breast cancer associated with breast cancer survival, uni-
variate Cox models of continuous variables indicates that
higher CSLEX and the chemokine IP-10 are associated with
significantly shorter PFS time with hazard ratios of 1.004
and 1.002, respectively (P=0.0012 and P <0.0001, respec-
tively). In addition, higher CSLEX, IP10 and MCP1 are
significantly associated with a shorter OS time with hazard
ratios of 1.007, 1.002 and 1.0003, respectively (P <0.0001,
P <0.0001 and P=0.002, respectively, not shown).

Multicovariate Cox models indicate that adjusted for the
presence of metastasis (MBC vs. non-MBC) and hormonal
receptor status (positive vs. negative), sLe* (>8 U/mL vs.
<8 U/mL) was a significant factor associated with OS (HR
2.985, 95% CI 1.563-5.698, P=0.0009), as well as MCP-1
(HR 1.001, P=0.0003) and IP-10 (HR 1.001, P=0.0357,
Table 4). Furthermore, adjusting for metastatic disease, sLeX
(>8 U/mL vs. <8U/mL) was associated with shorter PFS
time (HR 1.653, 95% CI 0.977-2.795, P=0.0609), as well
as IP-10 (HR 1.001, P=0.0017, Table 5).

Dichotomizing MCP-1, patients with serum MCP-
1> 668 pg/mL, the 95th percentile for HD, have a sig-
nificantly shorter OS (P =0.0014) and PFS (P=0.0095)
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Fig.1 Levels of serum sLeX, IP-10, and MCP-1 in the study groups.
The heatmap a shows median values for each study group. Factors
selected for survival analysis are in bold. The color code scale is set
to the distribution of HD values for each target protein. Cytokines are
loosely grouped into generally inflammatory and T-helper 1 (THI1)
cellular immunity-related cytokines, TH2 humoral immunity-related
cytokines, soluble cytokine receptors (Sol Rec), chemokines, and

(Fig. 4 top). Patients with serum IP-10> 666 pg/mL, like-
wise the 95th percentile for HD, have significantly shorter
OS and PFS (both P <0.0001, Fig. 4 middle). Combining
serum sLeX, MCP-1 and IP-10 into a single prognostic

growth factors. b Compared to HD, median sLeX levels of DCIS (2.3
U/mL), non-MBC (2.9 U/mL), and MBC (4.0 U/mL) were signifi-
cantly higher (all P<0.05). MBC patients had a significantly higher
levels of MCP-1 than DCIS (P=0.019) or non-MBC (P <0.0001, ¢);
and higher levels of IP-10 than non-MBC, DCIS and HD (P <0.0001,
d). Dotted line shows cut-off for survival analysis

factor, patients with positive serum levels for all three had
significantly worse OS and PFS compared to patients that
were negative for all 3 or positive for any of the three (both
P <0.0001, Fig. 4 bottom).
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Table 3 Non-parametric correlation between sLe* and inflammatory
cytokines

Correlation with sLeX

Spearman’s rho P
1L-2 0.17490 0.0030
TGF-a 0.17156 0.0036
1L-8 0.16728 0.0046
Fractalkine 0.16558 0.0050
MCP-3 0.16121 0.0063
GRO —0.15812 0.0074
TNF-b 0.15055 0.0108
MIP1-b 0.14824 0.0121
IL-1a 0.14273 0.0157
IL-1ra 0.14117 0.0169
IL-1b 0.12844 0.0299
IFN-a2 0.12497 0.0346
EGF 0.12027 0.0421
FGF 0.1180 0.0462
sIL-2Ra 0.11787 0.0464
Fig.2 Non-parametric cor- E
relation between sLeX and (7)'
inflammatory cytokines. The OL(B
correlation matrix shows Spear- CSLEX .'—“3
man correlation hierarchical EGF - @~% < LSE“
clustering of sLeX (CSLEX &2“00_£g£
assay, first column) with L4 ..7) o o
inflammatory cytokines in all slL2Ra « .EZ
samples. Color shows strength MIP1b |« i
of correlation and stars in the TNFa L
s . Fractalkine <
CSLEX column indicate signifi- FGF <o @ ®
cance level of correlation with IL2 |« o
LeX: *P <0.05, **P <0.01, IFNa2 '«
Tee MCP3 -0 e
P<0.001 GMCSF
TGFa =
MDC
VEGF
MIP1a
IFNy
IL17
IL6
IL12p70
GCSF
IL13
IL1a «
TNFb |«
IL9
IL1b «
IL15
IL1ra =«
IL12p40
IL
IL5
IL10
FIt3Li?and
P10
Eotaxin
MCP1
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sCD40L

® 00 0@ Fractalkine

Discussion

sLe® is a tumor-associated carbohydrate that is used clini-
cally for the management of lung, gastric and colorec-
tal cancers in Japan [10]. Previous studies showed serum
sLe*>8U/mL was a useful clinical marker in breast cancer
patients. Here, we report that serum sLeX levels tended to
increase with advanced breast cancer stage and higher lev-
els are correlated with decreased survival. Specifically, we
found that MBC patients are more likely than non-MBC
patients to have elevated serum sLeX levels>8 U/mL. In
an earlier study, the expression of sLeX in paraffin-embed-
ded tissue containing tumor was found to be highest in the
primary tumor of patients with invasive mammary carci-
noma that had already metastasized to the axillary lymph
nodes [8]. Nevertheless, expression of sLeX was reduced
in lymph node metastasis compared to the primary tumor.
One possible explanation that could account for this differ-
ence between primary and metastatic tumor is the ability of
natural killer (NK) cells to attack tumor cells that express
high levels of sLe* [5] and could have broad implications for
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Table 4 Multivariate Cox regression model on overall survival

study. However, despite our observation that the median
serum sLeX level tended to increase with the stage of dis-
ease severity, sLeX was not significantly different by breast

We also observed that patients with a high serum sLeX
have a significantly shorter survival (both PFS and OS) com-
pared with patients with lower serum sLeX. Others have also
assessed the prognostic value of sLeX expression in non-
metastatic disease with a median follow-up of 140 months
and found that the expression of sLe* antigen in breast can-
cer is not associated with breast cancer survival [20].

Parameter P value Hazard 95% HR CI
ratio
cancer stage.

Stage

MBC versus non-MBC <0.0001 8.787 4314  17.895
Hormone

Positive versus negative 0.012 0.429 0.222 0.83
CSLEX_High

High versus low 0.0009  2.985 1.563 5.698
MCP-1 0.0003  1.001 1 1.001
1P-10 0.0357  1.001 1 1.002

Table 5 Multivariate Cox regression model on progression-free sur-
vival

Parameter Pvalue  Hazard ratio 95% HR CI
Stage

MBC versus non-MBC  <0.0001 7.661 4371 13.428
CSLEX

High versus low 0.0609 1.653 0.977  2.795
IP-10 0.0017 1.001 1 1.002

immunotherapy. It should be noted that among the primary
cytokines regulating NK, serum IL-2 but neither IL-15 nor
IL-12p70 were correlated with serum sLe* in the current

Cytokines and chemokines are known to be involved in
tumor growth, metastasis, and progression of disease [21].
In particular, TNF-a, IL-1p or interferon-gamma (IFN-y) are
potential activators of expression of E-selectin, P-selectin,
intercellular adhesion molecule 2 (ICAM-2) or vascular
cell adhesion molecule on endothelial cells [22]. Further,
the pro-inflammatory cytokine, IL-6 in serum is a negative
prognosticator in breast tumor patients [23] and is predic-
tive of inferior survival in MBC patients [24]. Moreover, the
serum IL-8 level increases significantly with more advanced
stages of disease and is associated with accelerated clinical
progression, the presence of lymph node and liver metas-
tasis [25] and represents a potential target for inhibiting
breast cancer stem cells [26]. In our study, patients with
DCIS, non-MBC, or MBC have significantly higher serum
levels of IL-1RA, IL-1p, IL-6, and IL-8 than those of HD.
Numerous studies have linked the increased serum levels of
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Fig.4 Serum MCP-1 and IP-10 levels are predictive of PFS and OS
in breast cancer. Top: patients with a serum MCP-1 level above the
95 percentile of serum level of HD (668 pg/mL) have a significantly
shorter PFS (P=0.0095) and OS (P=0.0014), respectively. MCP-1
high n="74, MCP-1 low n=143. Middle: patients with a serum IP-10

inflammatory cytokines to breast cancer progression [27].
High levels of serum IL-1p correlated with disease recur-
rence in breast cancer patients [28], and patients with higher
levels of serum IL-6 were found to be less responsive to
chemo-endocrine treatment than those with lower levels of
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level above the 95 percentile of serum level of HD (666 pg/mL) have
a significantly shorter PFS (P <0.0001) and OS (P <0.0001), respec-
tively. IP-10 high n=26, IP-10 low n=191. Bottom: There is a sig-
nificant survival advantage to low levels of sLeX, MCP-1 and IP-10.
All low n=123, any high n=89, all high n=5

IL-6 [29]. In the current study, we found that there were
positive correlations between the serum level of sLe* and
inflammatory cytokines (IL-1p, IL-1RA, and IL-2, sIL-
2Ra, IFN-a) and chemokines (IL-8 (CXCLS), Fractalkine
(CXCL1), MCP-3 (CCL7) and MIP-1p (CCL4)). Although
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this study only measured serum levels with no quantifica-
tion of tumor-stromal levels, it is possible that by working
in concert sLe, inflammatory mediators may facilitate local
invasion of breast tumor.

Two serum chemokines that did not significantly correlate
with sLeX, MCP-1 and IP-10, showed independent prognos-
tic value. Chemokines play a major role in recruiting leuko-
cytes to the site of the tumor microenvironment. Monocyte
chemoattractant protein-1 (MCP-1), also known as CCL2,
is a ligand for CCR2 and CCR4. MCP-1 is a key member
involved in the migration and infiltration of monocyte/
macrophages from the bloodstream into the tumor micro-
environment and has been shown to have properties that
promote tumor progression [30, 31] as well as to augment
immune surveillance through recruitment of yd T lympho-
cytes [32]. Others have found that MCP-1 expression was
significantly associated with the number of tumor-associ-
ated macrophages and high expression levels of MCP-1 and
VEGEF were a significant indicator of early relapse [33]. In
our study, sera of patients with DCIS, non-MBC, or MBC
have significantly higher median levels of MCP-1, MCP-
3, and MIP-1p than those of HD. Compared with DCIS or
non-MBC patients, serum from MBC patients have a sig-
nificantly higher level of MCP-1. Since breast tumor sites
are enriched with inflammatory constituents and cytokines
such as IL-1 and IFN-y, potent stimulators of MCP-1, it is
not surprising that serum level of MCP-1 is increased in
MBC patients and further suggests a convergence of tumor-
promoting effects at the tumor site.

Similar to the results with serum sLe, patients with ele-
vated serum MCP-1 levels above the 95 percentile of serum
level of HD have a significantly shorter OS (P =0.0014)
and PFS (P =0.0095). This is consistent with previous
reports that showed the expression of MCP-1 in extracts of
primary tumors and infiltrating macrophages from patients
with breast cancer was of a significant prognostic value for
relapse-free survival [33] and was significantly correlated
with high grade tumor [34] and suggests that serum evalua-
tion can also be useful.

IP-10 (interferon-gamma inducible protein 10 kDa),
also known as CXCL10, is an ELR negative CXC ligand
for CXCR3 induced by IFN-y and LPS in a variety of cells
including monocytes, T cells, keratinocytes, endothelial cells
and fibroblasts. Like most chemokines, it has pleiotropic
effects targeting numerous inflammatory pathways including
cell adhesion through induction of integrins, natural killer
and T cell migration, and stimulation of monocytes, but does
not attract neutrophils [35]. IP-10 (CXCL10) has been asso-
ciated with osteolytic bone metastases [36] and although
it inhibits both angiogenesis and bone marrow formation,
high levels have been associated with advanced cancers [37]
although high tumor levels have been positively associated
with a doubling of overall survival in ovarian cancer [38]. In

circulation, breast cancer patients have been found to have
significantly higher CXCL10 than healthy controls [39].

For IP-10, we observed a small but significant hazard
associated with overall survival and progression-free sur-
vival, both cases showing hazard ratios of non-transformed
serum concentrations of 1.001. However, the range of IP-10
concentrations observed was quite large (44 pg/mL to
2474 pg/mL), so a one-unit change is relatively small. There-
fore, the hazard associated with a change on the order of the
difference observed between mean non-MBC IP-10 (302 pg/
mL) and MBC IP-10 (558 pg/mL) would be more substan-
tive 1.292 (1.001%) and the hazard associated with a 1 mg/
mL difference would be 2.7 or 2.8. For univariate analysis,
we used the 95th percentile of healthy donors IP-10 serum
levels at 666 pg/mL to establish a cutoff. This is slightly
higher than most other publications but of the same order
of magnitude. For example Toiyama used ROC analysis to
establish a cut-off of 199 pg/mL in colorectal cancer [40]
and Berres optimized survival analysis in hepatitis C with a
cut-off of 220 pg/mL [41], whereas Piro used ROC analysis
to set a cut-off of 2958 pg/mL in pancreatic cancer [42].
As such, IP-10 serum concentrations above 200-2000 pg/
mL are consistently related to poor survival in the literature,
consistent with data presented here.

Patients with inflammatory breast cancer made up a dis-
proportionate share of the non-MBC patients in this study.
These patients have inferior prognosis in primary [43]
and metastatic [44] disease. Interestingly, a reduced tissue
expression of sLe* has been proposed as a possible feature
of IBC [45]. This may skew some results but was part of
the initial study design. The association between inflamma-
tory breast cancer and inflammatory serum proteins will be
evaluated in further studies.

In addition to an oversampling of IBC patients, other
study limitations include small sample size and patient het-
erogeneity and the limitation to a single institution. About
half of the samples from patients with metastatic disease
were collected post chemotherapy, which may alter the
inflammatory profile. Because of the heterogeneity in sam-
ple times, survival times were calculated from the time of
sample collection rather initial diagnosis and maybe shorter
and not directly comparable to outcomes in the literature.
Due to the small sample size for subgroup analyses along
with the highly skewed distributions for cytokine expression
with a subset of very high values, we used non-parametric
Mann—Whitney U test to test for differences in cytokine lev-
els between groups. This can report significantly different
distributions in two populations with the same median [46]
as observed for IL-1p, IL-1RA, sIL-2Ra. Although each of
these soluble factors all have medians of O for MBC and HD,
there is a tail of MBC patient samples with very high levels.
It is worth noting that although the levels are significantly
higher in MBC samples, this represents a minority of the
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population. Finally, recent studies have found that it may be
possible to engineer IgG-based CSLEX ELISA assays that
are less susceptible to the steric hindrance associated with
the current IgM-based assays [47].

In conclusion, we found that serum sLeX levels tended to
increase with severity of stage in breast cancer. Moreover,
our study reporting commensurate increases in the levels of
circulating sLeX and inflammatory mediators with severity
of disease confirms previous reports that reported these fac-
tors separately [6, 9, 10, 33, 34, 39]. Both serum MCP-1,
IP-10 and sLeX may have prognostic value in breast cancer.
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