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The deregulation of key cellular pathways is fundamental for the survival and expansion of neoplastic cells, which in turn can

have a detrimental effect on patient outcome. To develop effective individualized cancer therapies, we need to have a better

understanding of which cellular pathways are perturbed in a genetically defined subgroup of patients. Here, we validate the

prognostic value of a 13-marker signature in independent gene expression microarray datasets (n 5 1,141) and immunohisto-

chemistry with full-faced FFPE samples (n 5 71). The predictive performance of individual markers and panels containing mul-

tiple markers was assessed using Cox regression analysis. In the external gene expression dataset, six of the 13 genes

(AZGP1, NME5, S100A8, SCUBE2, STC2 and UBE2C) retained their prognostic potential and were significantly associated with

disease-free survival (p < 0.001). Protein analyses refined the signature to a four-marker panel [AZGP1, Prolactin-inducible

protein (PIP), S100A8 and UBE2C] significantly correlated with cycling, high grade tumors and lower disease-specific survival

rates. AZGP1 and PIP were found in significantly lower levels in invasive breast tissue as compared with adjacent normal tis-

sue, whereas elevated levels of S100A8 and UBE2C were observed. A predictive model containing the four-marker panel in

conjunction with established clinical variables outperformed a model containing the clinical variables alone. Our findings sug-

gest that deregulated AZGP1, PIP, S100A8 and UBE2C are critical for the aggressive breast cancer phenotype, which may be

useful as novel therapeutic targets for drug development to complement established clinical variables.

Introduction
In 2008, breast cancer was the most commonly diagnosed
malignancy and surpassed lung cancer as the leading cause of
cancer-related death among females worldwide.1 Therapeutic
decisions for breast cancer are partially based on currently
available predictive tests such as estrogen receptor (ER) status
for endocrine response and HER2=neu status for HER2-
targeted therapy. However, established prognostic factors
[TNM staging (tumor size, extent of axillary lymph node

involvement and metastasis), histological grade, menopausal
status] still play an important role in the decision-making
process by assessing the potential benefit of including adju-
vant therapy in the treatment regimen. Current adjuvant sys-
temic therapies are generally toxic and nonspecific, leading to
potential over treatment of low-risk patients that may only
receive modest benefit of treatment while under treating
high-risk patients. To improve the management of breast
cancer, we need to have a better understanding of the
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predictive tests that can assess treatment response as well as
prognostic markers that can predict outcome in a geneti-
cally defined subgroup of patients. In the last decade,
genetic (DNA and RNA) and epigenetic (DNA methylation)
profiling of breast cancer has revolutionized how we think
by dramatically increasing our biological knowledge of the
disease and opening new avenues for personalized treat-
ment. However, to justify the routine clinical use of novel
molecular markers, classifiers need to either provide addi-
tional information to established clinical variables or out-
perform them.

Previously, we identified a 13-gene prognostic signature
for breast cancer by using genetic profiling (DNA and
RNA).2 These findings prompted us to test the hypothesis
that deregulation of the 13 candidate biomarkers may perturb
interconnecting cellular pathways, which have an adverse
effect on clinical outcome. Although gene expression may
give an indication of biological activity within cells, post-
transcriptional regulation permits the translation of specific
mRNA transcripts into protein products while other tran-
scripts never reach the protein stage because these are pre-
programmed for degradation. Therefore, it is essential that
genetic analyses are performed at several biological levels
(DNA–RNA–protein) to have a better understanding of
which mechanisms cause gene deregulation in neoplastic cells
(DNA copy number alterations, epigenetic modulation, etc.),
whether aberrant gene expression levels are translated to
aberrant protein expression levels, and ultimately how the
phenotype is altered. In the current study, we validated our
13-marker signature using a test set comprised of publicly
available gene expression datasets (n 5 1,141). Then, we con-
ducted a comprehensive study using immunohistochemistry
on full-face formalin-fixed, paraffin-embedded tissues (FFPE)
from the training set to provide further evidence that the 13
candidate biomarkers are biologically active in neoplastic
cells. Lastly, we developed predictive models based on the
relationship between clinical outcome and protein expression
levels, using significant biomarkers alone and in combination
with established clinical variables. Here, we present a com-
bined predictive model for breast carcinoma containing a
four-marker panel [AZGP1, Prolactin-inducible protein
(PIP), S100A8 and UBE2C] together with established clinical
variables that outperforms a model containing the clinical
variables alone.

Material and Methods
Gene expression microarray datasets

To validate the 13-marker gene expression signature (AZGP1,
CBX2, DNALI1, LOC389033, NME5, PIP, S100A8, SCUBE2,
SERPINA11, STC2, SUSD3, STK32B and UBE2C) in breast
carcinoma, we used our previously published microarray
data2 as the training cohort (n 5 97) and an independent
cohort consisting of six publicly available Affymetrix U133A
GeneChip datasets (n 5 1,141) as the test cohort [Gene
Expression Omnibus (GEO) accession numbers GSE1456,
GSE2034, GSE4922, GSE6532, GSE7390 and GSE45255].
Data processing of the training and test sets was performed
separately using Nexus Expression 3.0 (BioDiscovery).

Formalin-fixed paraffin-embedded tumor specimens

To correlate gene expression of the 13-marker signature with
subsequent protein expression patterns in invasive breast
tumor tissue, full-face formalin-fixed paraffin-embedded
(FFPE) specimens were used. Multiple FFPE specimens cor-
responding to 71 of the 97 primary invasive breast cancer
patients from the microarray training cohort were obtained
from the Pathology Department at Sahlgrenska University
Hospital in accordance with the Declaration of Helsinki and
approved by the Medical Faculty Research Ethics Committee
(Gothenburg, Sweden). Histological grading of the invasive
tumor component was determined according to the Notting-
ham (Elston-Ellis) modification of the Scarff-Bloom-
Richardson grading system.

Immunohistochemical analysis

Optimal antibody dilutions and assay conditions were
achieved for immunohistochemistry using breast carcinoma
as positive controls. Four micrometer FFPE sections were
subsequently immunostained for AZGP1, CBX2, DNALI1,
NME5, PIP, S100A8, SCUBE2, SERPINA11, STC2, SUSD3,
STK32B and UBE2C. Antibodies produced primarily by the
human protein atlas (HPA) were chosen for use in the study,
as HPA performs antibody specificity analyses using antigen
microarrays. The sections were pretreated using the Dako
PTLink system (Dako, Carpinteria, CA) and processed on an
automated Dako Autostainer platform using the Dako Envi-
sionTM FLEX High pH Link Kit (pH 9) for rabbit anti-
AZGP1 (Sigma-Aldrich HPA012582, 1:500 dilution), rabbit
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What’s new?

The development of new predictive tests to assess treatment and the identification of novel prognostic markers to predict out-

come in patient subgroups could lead to significant improvements in breast cancer management. Here, the synergistic activity

of four proteins, AZGP1, PIP, S100A8, and UBE2C, was found to serve as an effective marker for the stratification of breast

cancer patients into risk groups for recurrence and death. The four-marker panel also improved outcome prediction when con-

sidered alongside established clinical variables. Overlapping signaling pathways between the proposed markers suggest that

they may be attractive targets for breast cancer proteasome inhibitors.
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anti-CBX2 (Sigma-Aldrich AV51628, 1:250 dilution), mouse
anti-DNALI1 (Abcam ab58213, 1:25 dilution), rabbit anti-
NME5 (ProteinTech Group 12923-1-AP, 1:400 dilution), rab-
bit anti-PIP (Sigma-Aldrich HPA009177, 1:25 dilution), rab-
bit anti-S100A8 (Sigma-Aldrich HPA024372, 1:2000
dilution), rabbit anti-SCUBE2 (Sigma-Aldrich HPA006353,
1:25 dilution), rabbit anti-SERPINA11 (Abcam ab86673, 1:50
dilution), rabbit anti-STC2 (ProteinTech Group 10314-1-AP,
1:500 dilution), rabbit anti-SUSD3 (Sigma-Aldrich
HPA042310, 1:100 dilution), rabbit anti-STK32B (Sigma-
Aldrich HPA015820, 1:50 dilution) and mouse anti-UBE2C
(Abcam ab56861, 1:500 dilution). Peroxidase-catalyzed diami-
nobenzidine was used as the chromogen, followed by hema-
toxylin counterstain. The slides were then rinsed with
deionized water, dehydrated in absolute alcohol, followed by
95% alcohol, cleared in xylene, and mounted. To facilitate
histological assessment, one FFPE section was also stained
with hematoxylin and eosin.

Immunostaining was evaluated by a breast pathologist,
blinded to patient clinical outcome, and scored as previously
described using the semiquantitative H-score method to cal-
culate the sum of the percentage and intensity of positively
stained invasive tumor cells (negative staining 5 0; weak
staining 5 11; moderate staining 5 21; strong staining 5

31). The H-score ranged from 0 to 300, where H-score 5 (1 3

%11) 1 (2 3 %21) 1 (3 3 %31).3 The X-tile software (ver-
sion 3.6.1) was used to determine H-score cutoffs by dichoto-
mizing patients according to H-score value and clinical
outcome.4 Scores were averaged over replicate FFPE sections
representing the same tumor. Positive staining was interpreted as
H-score >0 for S100A8, >10 for PIP and UBE2C and >50 for
AZGP1. FFPE specimens lacking an invasive cancer component
were excluded from the analysis.

Immunoblot analysis

Antibody specificity for the four-marker panel was tested fur-
ther using immunoblot. Whole cell lysates were prepared using
fresh-frozen tumor specimens in Mammalian Cell Lysis Buffer
supplemented with protease inhibitor cocktail and Benzonase
nuclease (Qiagen). Protein concentrations were determined
using the Bradford Protein Assay (Bio-Rad). Protein extracts
(50 mg) were resolved by SDS–PAGE on 4–12% bis-Tris gels
(Invitrogen), transferred to nitrocellulose membranes (Fisher
Scientific) probed with a primary anti-AZGP1 (Sigma-Aldrich,
1:500 dilution), anti-PIP (Sigma-Aldrich, 1:200 dilution), anti-
S100A8 (Sigma-Aldrich, 1:1000 dilution) or anti-UBE2C anti-
body (Abcam, 1:200 dilution), followed by incubation with an
appropriate horseradish-conjugated secondary antibody. The
membranes were stripped and reprobed with an anti-ACTB
antibody (Abcam Ab6276, 1:2000 dilution) as a loading con-
trol. The immunoblots were visualized using the SuperSignal
West Femto Maximum Sensitivity Substrate kit (Pierce). Digi-
talized images were acquired using Fujifilm Luminescent
Image Analyzer LAS-4000 and analysis performed with the
Image Gauge v4.0 software.

Statistical analysis

Statistical analyses were performed using a 0.05 p-value cutoff
in R=Bioconductor (version 2.15.0). All p-values are two-
sided.

A. External validation of the 13-marker gene expression signa-
ture. Univariate Cox proportional hazard models were calcu-
lated for the 13 biomarkers in the gene expression signature
using disease specific-survival (DSS) and disease-free survival
(DFS) for the training and test cohorts, respectively. Statisti-
cally significant biomarkers (p < 0.05) were included in sub-
sequent prognostic models, which were then used to stratify
the training and test cohorts into risk groups (high- or low-
risk) using average hierarchical clustering with Pearson cor-
relation. Breast cancer survival rates were defined as a) the
time from initial diagnosis to breast cancer-related death for
DSS, b) time from initial diagnosis to first relapse (loco-
regional or distant) or breast cancer-related death for DFS,
c) time from initial diagnosis to death from any cause for
overall survival (OS); d) time from initial diagnosis to dis-
tant metastasis for distant metastasis-free survival (DMFS),
and e) time from operative lesion removal to detection of
tumor recurrence for recurrence-free survival (RFS). Survival
rates were depicted with Kaplan–Meier curves and tested
with log-rank test. Then, the relationship between clinico–
pathological features and the risk groups was evaluated using
two-tailed Fisher’s exact test.

B. Development of a predictive model for disease-specific sur-
vival using protein expression. DSS survival rates at different
protein expression levels for each protein were depicted with
Kaplan–Meier curves and tested with log-rank test. Then, the
relationship between clinico–pathological features and protein
expression was evaluated using two-tailed Fisher’s exact test,
followed by the calculation of Spearman correlation coeffi-
cients (two-tailed) to establish the relationship between previ-
ously published microarray gene expression data2 and IHC
protein expression patterns. Multivariate analysis was con-
ducted using the Cox proportional hazard model for DSS with
stepwise selection to assess the predictive strength and additive
accuracy of a four-marker panel containing combined
AZGP1=PIP=S100A8=UBE2C protein expression after adjust-
ing for established clinico–pathological features (age at diag-
nosis, number of positive axillary lymph nodes, histological
grade, ER=PgR status, HER2=neu status, pathological tumor
size). A concordance index (C-index) for the time-dependent
area under the ROC curve [AUC(t)] was calculated to assess
model predictive performance, varying from C-index 5 0.5
(no predictive power) to C-index 5 1 (perfect prediction). A
risk score was calculated for each patient using the weighted
linear combination of variables, dichotomized outcomes (e.g.,
breast cancer survivors or nonsurvivors) and the combined
expression of the four-marker panel. Patients missing expres-
sion values for one or more of the four markers was excluded
in the analysis. A linear predictor (g) was calculated where
high-risk patients had g > 0 and low-risk patients had g < 0.
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Results
External validation of the 13-marker signature for breast

carcinoma

To validate the 13-marker gene expression signature in an
independent dataset, a test cohort was compiled from six
publicly available datasets consisting of 1,141 breast carcino-
mas profiled using Affymetrix U133A GeneChips. Three
(LOC389033, SERPINA11 and SUSD3) of the 13 genes in the
signature were not found on the Affymetrix platform and
were therefore excluded in the analysis of the test cohort.
The clinical relevance of the 13-marker signature was
assessed using univariate Cox regression models, which
revealed six markers (AZGP1, NME5, S100A8, SCUBE2,
STC2 and UBE2C) associated with DFS in the test cohort
(TableT1 1). Average linkage hierarchical clustering with Pear-
son correlation stratified the training set (n 5 97) into two
groups using the six-marker signature. The first group,
henceforth termed the high-risk group, contained 33 samples
showing upregulation of S100A8 and UBE2C and downregu-
lation of AZGP1, NME5, SCUBE2 and STC2. The second
group, henceforth termed the low-risk group, contained 64
samples with predominantly inverse regulation of the six
genes. Clustering of the test cohort also divided the samples
into two main clusters (295 high-risk and 835 low-risk
patients). However, 11 samples were classified outside of the
two main risk groups, which could be attributed to disparate
expression of the S100A8 gene. Despite using two different
microarray platforms, similar gene expression patterns were
observed for the risk groups in both cohorts (Fig.F1 1).

Survival analysis showed that the six-marker signature was
a predictor of DSS for the training cohort [Hazard ratio
(HR), 3.12; 95% confidence interval (95% CI), 1.75–5.56; P 5

5.15E-05], as well as DFS (HR, 2.27; 95% CI, 1.06–4.85; P 5

0.032), OS (HR, 2.10; 95% CI, 1.20–3.67; P 5 0.008), and
DMFS (HR, 1.71; 95% CI, 1.17–2.51; P 5 0.005) for the test
cohort (Fig. F22). No significant relationship was found
between RFS (HR, 1.13; 95% CI, 0.87–1.47; P 5 0.37) and
the six-marker signature. In addition, we observed that the
high-risk group was associated with aggressive breast cancer
features in both cohorts, e.g., high histological grade, steroid
hormone negativity (estrogen and progesterone-receptors),
HER2=neu-positivity, triple negative status and the
HER2=ER- and basal-like intrinsic subtypes (Table T22). Fur-
thermore, the high-risk group was significantly associated
with high S-phase fraction in the training cohort.

Aberrant AZGP1, PIP, S100A8 and UBE2C protein

expression are predictive of disease-specific survival

To further validate the microarray results, protein expression
for the 13-marker signature was examined in relation to DSS.
Immunohistochemistry was performed for the 13-marker sig-
nature (LOC389033 excluded) using full-face FFPE sections
from 71=97 of the breast carcinoma specimens in the training
microarray cohort. Six samples were excluded from further
analysis because of lack of an invasive breast cancer compo-
nent in the FFPE section. Our results show that AZGP1-
negativity (HR, 0.273; 95% CI, 0.114–0.653; P 5 0.002), PIP-
negativity (HR, 0.313; 95% CI, 0.141–0.694; P 5 0.003),
S100A8-positivity (HR, 3.41; 95% CI, 1.47–7.88; P 5 0.002),
and UBE2C-positivity (HR, 3.22; 95% CI, 1.22–8.49; P 5

0.012) in neoplastic breast tissue had an impact on patient
outcome (Fig. F33). Hence, AZGP1- and PIP-positivity indi-
cated a protective effect on patient outcome (HR < 1),
whereas S100A8- and UBE2C-positivity (HR > 1) indicated
an adverse effect. In the invasive component, cytoplasmic
and membranous staining was observed for AZGP1 and PIP,
whereas cytoplasmic and nuclear staining was observed for
S100A8 and UBE2C. Using the four-marker panel, 28=65
patients were classified as high-risk patients and 31=65
patients as low-risk, whereas 6=65 were not characterized due
to missing values for one or more of the four proteins. In
agreement with the microarray results, we found that the
patients most at risk for recurrence and therefore a more
unfavorable clinical outcome had larger, high histological
grade tumors with the Basal-like phenotype, high S-phase
and PgR-negative status (Table T33 and Fig. 3). The aberrant
protein expression patterns displayed by AZGP1, PIP,
S100A8 and UBE2C were confirmed using Western blot
(Supporting Information Fig. S1). No significant relationship
was found between DSS and expression of CBX2, DNALI1,
NME5, SCUBE2, SERPINA11, STC2, STK32B or SUSD3. A
positive relationship was shown between the Illumina micro-
array and IHC results for AZGP1, PIP, S100A8 and UBE2C
(rS 5 0.51), while a negative relationship was found for the
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Table 1. Univariate Cox proportional hazard regression models in the
training and test cohorts

Training cohort
(n 5 97)1

Test cohort
(n 5 1,141)2

No. Variables Coefficient p-value Coefficient p-value

1 AZGP1 20.431 <0.001 20.158 0.001

2 CBX2 0.783 <0.001 0.181 0.679

3 DNALI1 20.488 <0.001 20.174 0.081

4 LOC389033 20.477 <0.001 ND ND

5 NME5 0.783 <0.001 20.330 0.014

6 PIP 20.231 <0.001 20.032 0.258

7 S100A8 0.233 0.001 0.073 0.011

8 SCUBE2 20.313 <0.001 20.091 0.003

9 SERPINA11 20.572 <0.001 ND ND

10 STC2 20.321 <0.001 20.135 <0.001

11 STK32B 20.577 <0.001 20.144 0.233

12 SUSD3 20.478 <0.001 ND ND

13 UBE2C 0.569 <0.001 0.344 <0.001

Statistically significant variables (p < 0.05) are displayed in bold text.
1Disease-specific survival (DSS) used for Cox regression model.
2Disease-free survival (DFS) used for Cox regression model.
Abbreviation: ND: Not determined.
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remaining candidate biomarkers (rS 5 20.32; Supporting
Information Table S2).

A correlation analysis was performed between the four
significant markers (AZGP1, PIP, S100A8 and UBE2C) and
established clinico–pathological and molecular parameters
[patient age at diagnosis, histological grade, Genomic Grade
Index (GGI status), number of positive axillary lymph nodes,
pathological tumor size, S-phase fraction, tumor inflamma-
tory infiltration, steroid receptor status, HER2=neu status, tri-
ple negative status and breast cancer molecular subtype]. In
general, a high fraction of cycling, high grade tumors were
associated with AZGP1-negativity, PIP-negativity, S100A8-
positivity and UBE2C-positivity. In addition, AZGP1 expres-
sion was significantly lower in triple-negative tumors with
moderate tumor inflammatory infiltration and the basal-like
subtype, whereas elevated levels of the S100A8 protein were

also found in steroid receptor-negative tumors with strong
tumor inflammatory infiltration (Table 3).

In agreement with the microarray results, we observed the
frequent coexpression of AZGP1, PIP and UBE2C in the
present dataset. Eighty-nine percent of AZGP1-negative
tumors were PIP-negative (p 5 0.026) and 70% of PIP-
negative tumors were also UBE2C-positive (p 5 0.050). Con-
versely, S100A8 was predominantly expressed independently
of the other three proteins (AZGP1, PIP and UBE2C).

Outcome prediction is improved using the combined four-

marker panel in conjunction with established prognostic

markers

Having established the prognostic value of 4=12 analyzed can-
didate biomarkers (AZGP1, PIP, S100A8 and UBE2C) and
their frequent coexpression, we evaluated whether a model

469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527

528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586

C
O
L
O
R

Figure 1. Two-dimensional cluster analysis of the six-marker signature in the training and test cohorts. (a, b) Classification of both cohorts

into risk groups (high- and low-risk groups) in relation to gene expression of the six-marker signature. Each row represents a gene transcript

and each column represents a tumor specimen. Upregulation is depicted as red color, downregulation as green and black as no change in

gene regulation.
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containing these four proteins could improve outcome predic-
tion of breast carcinoma beyond established clinical variables
(patient age at diagnosis, histological grade, number of positive
axillary lymph nodes, pathological tumor size, ER=PgR status
and HER2=neu status). First, we developed a model containing
the four proteins, which proved to have more predictive power
(C-index 0.735) than any of the four proteins alone (range, C-
index 0.586-0.628). Furthermore, when a model was developed
combining the four-marker panel together with established

clinical variables, the C-index was increased from 0.773 (for
the established clinical variables alone) to 0.836 (full model
with all of the predictors). A stepwise multivariate analysis was
then performed using the predictors from the full model. This
analysis showed that a model containing AZGP1, PIP and
S100A8 protein expression (3-marker panel) combined with
the number of positive axillary lymph nodes, tumor size and
PgR status as covariates (p < 0.05; C-index 0.826) performed
similarly to the full model (Fig. 3).
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Figure 2. Kaplan–Meier analysis of the six-marker signature in the training and test cohorts. (a) Estimates of the probability of disease-specific

survival according to risk assessment in the training cohort (n 5 97). p-values, hazard ratios (HR), and 95% confidence intervals (95% CI) were

calculated using the log-rank test and Cox proportional hazards regression, respectively. The x-axes depict months after initial diagnosis and the

y-axes depict disease-specific survival. (b–e) Estimates of the probability of disease-free, distant metastasis-free, overall, and recurrence-free sur-

vival in the test cohort, respectively (n 5 1,141). The x-axes depict months after initial diagnosis and the y-axes depict survival rates.
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Table 2. Clinicopathological features and risk assessment for breast carcinoma cases in the training and test cohorts

No. of patients (%)

Training cohort (n 5 97) Test cohort (n 5 1,141)

Variables

High-risk
patients
(n 5 33)

Low-risk
patients
(n 5 64) p-value

High-risk
patients
(n 5 295)

Low-risk
patients
(n 5 835) p-value

Age 0.660 0.010

>50 20 (61) 41 (64) 92 (31) 339 (41)

�50 13 (39) 22 (34) 75 (25) 172 (21)

Histological grade 0.005 <0.001

I 1 (3) 12 (19) 6 (2) 134 (16)

II 16 (48) 32 (50) 68 (23) 336 (40)

III 11 (33) 6 (9) 118 (40) 135 (16)

GGI status <0.001 ND

Low 3 (9) 36 (56) - -

High 18 (55) 24 (38) - -

No. of positive axillary lymph nodes 0.07 ND

0 16 (48) 31 (48) - -

1–3 4 (12) 19 (30) - -

�4 13 (39) 14 (22) - -

Pathologic tumor size 0.800 ND

pT1 7 (21) 19 (30) - -

pT2 19 (58) 32 (50) - -

pT3 5 (15) 10 (16) - -

pT4 2 (6) 3 (5) - -

S-phase fraction 0.009 ND

>6.1 13 (39) 9 (14) - -

�6.1 20 (61) 55 (86) - -

Estrogen receptor status <0.001 <0.001

Negative 12 (36) 4 (6) 150 (51) 73 (9)

Positive 21 (64) 60 (94) 107 (36) 623 (75)

Progesterone receptor status <0.001 <0.001

Negative 24 (73) 13 (20) 29 (10) 29 (3)

Positive 9 (27) 51 (80) 7 (2) 65 (8)

HER2=neu status 0.040 0.030

Negative 26 (79) 60 (94) 13 (4) 55 (7)

Positive 7 (21) 4 (6) 23 (8) 38 (5)

Triple negative status <0.001 0.010

Yes 10 (30) 1 (2) 9 (3) 7 (0.8)

No 23 (70) 63 (98) 27 (9) 85 (10)

Subtype <0.001 <0.001

Luminal subtype A 0 (0) 1 (2) 1 (0.3) 38 (5)

Luminal subtype B 18 (55) 60 (94) 2 (0.7) 21 (3)

HER2=ER- 9 (27) 2 (3) 7 (2) 8 (0.1)

Basal-like 6 (18) 1 (2) 18 (6) 7 (0.8)

Normal-like 0 (0) 0 (0) 3 (1) 34 (4)

p-values were calculated using the Fisher’s exact test.
Abbreviation: ND, not determined.
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Figure 3. Prognostic potential of a four-marker panel in invasive breast carcinoma. (a) Kaplan–Meier estimates of the probability of

disease-specific survival according to dichotomized protein expression for each biomarker in the panel (AZGP1, PIP, S100A8 and UBE2C).

Patients with AZGP1-negative, PIP-negative, S100A8-positive and UBE2C-positive invasive breast tumors had significantly shorter survival

times. p-values, hazard ratios (HR), and 95% confidence intervals (95% CI) were calculated using the log-rank test and Cox proportional

hazards regression, respectively. The x-axes depict months after initial diagnosis and the y-axes depict disease-specific survival. (b) Patients

stratified in the high-risk group had significantly shorter survival times than patients in the low-risk group. The x-axes depict months after

initial diagnosis and the y-axes depict disease-specific survival. (c) Representative immunohistochemical staining showing protein expres-

sion in the invasive component of tumors stratified into low- and high-risk groups. (d) The lines represent the time-dependent area under

the ROC curve [AUC(t)] for AZGP1, PIP, S100A8 and UBE2C protein expression assessed individually and combined as a four-marker panel.

The estimated performance of the four-marker panel was better than that of either protein alone, increasing the C-index to 0.735; the pre-

dictive ability of the model including the four-marker panel was relatively stable over time. Combining established clinical variables (patient

age at diagnosis, histological grade, number of positive axillary lymph nodes, pathological tumor size, ER=PgR status and HER2=neu status)

with the four-marker panel further increased the C-index from 0.773 to 0.836. The x-axes depict survival time in months and the y-axes

depict AUC(t).
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Discussion
In a previous retrospective study, we identified a 13-marker
prognostic signature in invasive breast tumors with aggressive
features.2 Here, we evaluated the performance of this signature
in independent gene expression microarray datasets from pub-
licly available breast cancer cohorts (n 5 1,141) and assessed
the applicability of the signature as immunohistochemistry
markers in relation to clinically relevant breast cancer features
using full-face FFPE samples from the training set (n 5 71).
Despite difficulties evaluating the full 13-marker signature in
the test cohort due to differences in the microarray platforms
(Illumina vs. Affymetrix), similar expression patterns were
found for the evaluated genes in both the training and test
cohorts. In addition, Cox regression models demonstrated the
continued prognostic potential of 6=10 evaluated genes in the
external cohort. The prognostic ability for CBX2, DNALI1, PIP
and STK32B may have differed in the test set for several rea-
sons, e.g., the difference in target probe sequences on the dif-
ferent microarray platforms, the relatively small sample size
for the training set, and the use of different endpoints (DSS
for the training set and DFS for the test set).

Interestingly, we observed a partial overlap between the
13-marker signature described here and other breast cancer
risk assessment signatures, i.e., MammaPrintVR , Oncotype
DxTM, PAM50, EndoPredict, Genomic Grade Index and the
Invasiveness gene signature (Supporting Information Table
S1); the S100A8 gene was the only marker in the six-marker
signature from the gene expression validation study (AZGP1,
NME5, SCUBE2, STC2, S100A8 and UBE2C) that has not
been previously identified in other outcome predictors.5–12

There is, however, an important disadvantage in using gene
expression microarrays; although mRNA expression may pro-
vide an indication of biological activity, mRNA and protein
expression levels do not always correlate. Evaluation of the
biomarker signature in external gene expression datasets and
then using immunohistochemistry in conjunction with clin-
ico–pathological variables has provided further evidence that
at least four of the proposed markers (AZGP1, PIP, S100A8
and UBE2C) are clinically relevant and biologically active in
neoplastic cells. In the final four-marker signature (AZGP1,
PIP, S100A8 and UBE2C), three markers were also present
in the six-marker gene expression signature (AZGP1, S100A8
and UBE2C). PIP activity is induced transcriptionally by
androgens and post-transcriptionally by prolactin, which may
explain why PIP was identified as a significant marker in the
predictive marker signature using protein expression but not
in the six-marker gene expression signature.13 Taken
together, we demonstrated the prognostic value of aberrant
protein expression levels for the four-marker panel (AZGP1,
PIP, S100A8 and UBE2C) in invasive breast cancer and
showed that this phenotype is associated with cycling, high
histological grade tumors. Furthermore, a predictive model
containing the four-marker panel coupled with established
clinical variables surpassed the performance of a model using
the established clinical variables alone. However, the four-

marker panel will also need to be validated using immuno-
histochemistry with an independent breast cancer cohort to
further establish its clinical utility.

Few gene expression signatures for prognosis of breast can-
cer have also been evaluated at the protein level. Gene expres-
sion microarrays are a relatively quick and inexpensive
method that reveals a snapshot of which genes are expressed
in cells or a tissue mass at a specific time point. However, if
the different cell types within a heterogeneous tissue such as
breast carcinoma (e.g., malignant, nonmalignant, normal,
stroma, etc.) are not analyzed separately, expression levels
within the tumor mass will either be over- or underestimated.
Here, a comparison between the protein expression patterns in
neoplastic cells and the gene expression profiling analyses (the
collective expression of all cell types within the tumor mass)
yielded a higher correlation coefficient for AZGP1, PIP,
S100A8 and UBE2C protein expression than for the remaining
candidate biomarkers. The moderate correlation between the
two studies may be partially due to the differences in expres-
sion levels for specific genes and corresponding proteins, the
importance of analyzing different cell types separately, as well
as, the choice of antibody, which may have low specificity for
a particular antigen or may not be specific for the isoform of
interest. The majority of the antibodies (AZGP1, PIP, S100A8,
SCUBE2, SUSD3 and STK32B) used in the present study were
chosen from the HPA, which performs antibody specificity
analyses using antigen microarrays. SUSD3 was the only anti-
body with low specificity among the antibodies chosen from
HPA. To prevent signal saturation or weak bands, the optimal
antibody dilutions (for PIP, S100A8 and UBE2C) used for
immunoblots differed slightly from that used for immunohis-
tochemistry. Differences in sample preparation (e.g., fixation,
pH, temperature, solvent composition and incubation time)
may have influenced the availability of the antigen in both
techniques and therefore the need for varying antibody dilu-
tions. For immunoblot, the observed tissue protein expression
levels may have resulted from a contribution of both neoplas-
tic cells and surrounding normal tissue.

Zinc-alpha2-glycoprotein (AZGP1) is a secretory protein
found in many body fluids,14–17 normal exocrine glandular
epithelia of various normal tissues,16 adipose tissue,18 benign
diseases19 and cancer.20–25 In normal tissues, AZGP1 plays a
role in increased susceptibility to obesity26 and adipocyte dif-
ferentiation when induced by PPARg nuclear receptor and
inhibited by TNFa.27 In cancer, elevated levels of AZGP1
were found in the urine of patients with cancer cachexia and
the protein was therefore proposed to be involved in cancer-
associated lipolysis.17 A study conducted by He et al. showed
a reduction in cellular proliferation and inhibition of cdc2, a
cyclin-dependent kinase that regulates the G2=M transition,
in AZGP1-stimulated tumor cells.28 In pancreatic cancer, it
was shown that lower levels of AZGP1 were the result of his-
tone acetylation followed by aggressive tumor features and
induction of epithelial-mesenchymal transition, whereas the
epithelial phenotype was maintained in epigenetically
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regulated AZGP1-expressing cells.29 This finding may explain
why a high fraction of basal-like tumors lacked expression of
the AZGP1 protein (67%) in this study.

Prolactin-inducible protein (PIP) is a secreted monomer
glycoprotein that is expressed in exocrine glands, gross cystic
disease and breast cancers exhibiting apocrine features.30

T47D, where the PIP gene is duplicated as a palindrome of
the 7q34–q35 genomic region, and recently VHB1 breast cell
lines are among the only cells, which show the suppression
of cell proliferation and migration as well as the induction of
apoptosis in androgen-stimulated PIP-expressing cells.31

Androgens also stimulate the release of AZGP1 and apoD in
T47D cells. In addition to androgens, PIP expression is also
regulated by other steroids and lactogenic hormones pro-
duced by the pituitary gland. In a study by Haagensen et al.,
progesterone stimulation resulted in the release of PIP and
AZGP1, but had no significant effect on apoD levels, whereas
estradiol had no effect on any of the three proteins.32 Conse-
quently, these three proteins are also major components of
human breast secretions, such as gross cystic fluid, and semi-
nal plasma.19,33 Recently, PIP induction was found to be ini-
tiated by the synergistic activity of the androgen receptor and
RUNX2, a prometastatic transcription factor.34 In breast can-
cer metastases of the bone, Jones et al. showed that RUNX2
expression could be suppressed by treatment with 26S protea-
some inhibitor bortezomib.35 Nevertheless, PIP expression
has been observed in a high fraction of breast tumors (12–
85%) and associated with ER-positivity, PgR-positivity, low
tumor grade and relapse-free survival, whereas expression of
the protein was frequently lost in advanced-stage tumors.36–38

S100 calcium-binding protein A8 (S100A8, calgranulin A)
is a member of the S100 superfamily containing small, acidic
proteins (�10 kDa) with the calcium-binding EF-hand motif,
which can form a homodimer with itself and a 36 kDa heter-
ocomplex (referred to as calprotectin) with S100A9 (calgra-
nulin B) in a Ca21-dependent manner. Several of the S100
genes form a gene cluster on the 1q21 genomic region which
are frequently deleted, translocated or duplicated in cancer.
Both S100A8 and S100A9 function as proinflammatory cyto-
kines and are expressed in cells of myelomonocytic lineage
(e.g., granulocytes, monocytes), macrophages, neutrophils,
keratinocytes and advanced stage cancer and surrounding
stroma, which may explain why 90% of S100A8-positivity
was found in the presence of inflammation in the present
study.39–41 Interestingly, S100A8=A9, PIP and AZGP1 were
all found in high amounts in human saliva.42 In breast can-
cer, elevated levels of S100A8=A9 have been found in high
grade tumors, estrogen-receptor negative tumors and tumors
with the Basal-like phenotype.43 S100A8 has also been impli-
cated in the stimulation of HIV production in cervico-vaginal
secretions.44 Recently, Moon et al. showed that both S100A8
and S100A9 are involved in H-Ras-mediated cell invasion
and migration.45

Cell cycle progression requires activation of the anaphase-
promoting complex (APC), which triggers the metaphase-to-

anaphase transition and mitotic exit by promoting ubiquitin-
dependent proteolysis of mitotic cyclins. Ubiquitination of
cyclins is a three-step process where E1 enzymes activate
ubiquitin, E2 enzymes such as ubiquitin-conjugating enzyme
E2C (UBE2C) conjugate and transfer ubiquitin molecules to
the E3 enzyme, which transfers the ubiquitin to the target
protein. Destruction of ubiquitinated cyclins is then carried
out by proteasomes. Townsley et al. showed that ubiquitina-
tion of cyclins is followed by cdc2 inactivation. In vitro,
dominant-negative UBE2C and suppression of UBE2C were
shown to inhibit ubiquitination of cyclin A and B and
thereby resulted in the accumulation of cells in mitosis and
inhibition of anaphase onset.46 The elevated levels of UBE2C
found in several cancer forms have been associated with
HER2-positivity, intense Ki-67 staining, and unfavorable clin-
ical outcome.46–48 In colorectal carcinoma, inhibition of
UBE2C could be achieved using bortezomib, which in turn
suppressed cell proliferation and disruption of the cell cycle.
UBE2C overexpression observed in primary colon tumors
and liver metastases as well as anaplastic thyroid carcinoma
cell lines was attributed to gene amplification.49,50

In summary, we propose a prognostic model containing a
four-marker panel (AZGP1, PIP, S100A8 and UBE2C) in
combination with established clinical variables. Although
extensive research has been performed on AZGP1, PIP,
S100A8 and UBE2C as individual proteins, this is the first
report showing the addictive effect of the four proteins
together in any cancer form. The mechanism(s) by which
these four proteins play a role in breast cancer is not yet
known. We have previously shown that gene deregulation of
AZGP1, PIP, S100A8 and UBE2C is not due to abnormal
DNA copy number; S100A8 may be activated by several dif-
ferent mechanisms in cancer as 1=10 and 2=10 S100A8-
positive samples showed DNA amplification (log2ratio � 0.5)
or gain (log2ratio 0.2 � x < 0.5) of the S100A8 gene,
whereas none of the other genes showed DNA deletion or
amplification.2 However, several of these proteins share com-
mon functions, e.g., AZGP1 and PIP are both secreted glyco-
proteins found in exocrine glands; AZGP1 and UBE2C are
both involved in cell cycle regulation and thus have an effect
on cell proliferation and inhibition of cdc2 activity; AZGP1,
PIP and S100A8 are all found at high amounts in human flu-
ids which contain proteins involved in inflammatory and
immune responses; FDA approved proteasome inhibitor bor-
tezomib targets UBE2C and PIP expression. In addition, pro-
tein–protein interaction studies show that these four proteins
belong to overlapping signaling pathways. Taken together,
further studies are warranted to establish the role these four
markers have in cancer progression and whether the four-
marker panel may be useful in the decision-making process
of breast cancer using an independent cohort.

Acknowledgements
The authors would like to thank Kristina L€ovgren, Lilian Karlsson, Ann
Wikstr€om and Ulric Pedersen for their technical assistance.

1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1351
1352
1353

1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
1411
1412

C
an

ce
r

C
el

l
B

io
lo

gy

J_ID: z3q Customer A_ID: IJC28497 Cadmus Art: IJC28497 Ed. Ref. No.: 13-1726.R2 Date: 3-October-13 Stage: Page: 12

ID: nareshrao Time: 14:12 I Path: N:/3b2/IJC#/Vol00000/130510/APPFile/JW-IJC#130510

12 Four-marker panel predicts breast cancer survival

Int. J. Cancer: 00, 00–00 (2013) VC 2013 UICC



References

1. Jemal A, Bray F, Center MM, et al. Global cancer
statistics. CA: a cancer journal for clinicians 2011;
61:69–90.

2. Parris TZ, Danielsson A, Nemes S, et al. Clinical
implications of gene dosage and gene expression
patterns in diploid breast carcinoma. Clin Cancer
Res 2010;16:3860–74.

3. McCarty KS, Jr, Miller LS, Cox EB, et al. Estro-
gen receptor analyses. Correlation of biochemical
and immunohistochemical methods using mono-
clonal antireceptor antibodies. Arch Pathol Lab
Med 1985;109:716–21.

4. Camp RL, Dolled-Filhart M, Rimm DL. X-tile: a
new bio-informatics tool for biomarker assess-
ment and outcome-based cut-point optimization.
Clin Cancer Res 2004;10:7252–9.

5. Chia SK, Bramwell VH, Tu D, et al. A 50-gene
intrinsic subtype classifier for prognosis and pre-
diction of benefit from adjuvant tamoxifen. Clin
Cancer Res 2012;18:4465–72.

6. Filipits M, Rudas M, Jakesz R, et al. A new
molecular predictor of distant recurrence in ER-
positive, HER2-negative breast cancer adds inde-
pendent information to conventional clinical risk
factors. Clin Cancer Res 2011;17:6012–20.

7. Liu R, Wang X, Chen GY, et al. The prognostic
role of a gene signature from tumorigenic breast-
cancer cells. N Engl J Med 2007;356:217–26.

8. Loi S, Haibe-Kains B, Desmedt C, et al. Defini-
tion of clinically distinct molecular subtypes in
estrogen receptor-positive breast carcinomas
through genomic grade. J Clin Oncol 2007;25:
1239–46.

9. Paik S, Shak S, Tang G, et al. A multigene assay
to predict recurrence of tamoxifen-treated, node-
negative breast cancer. N Engl J Med 2004;351:
2817–26.

10. Parker JS, Mullins M, Cheang MC, et al. Super-
vised risk predictor of breast cancer based on
intrinsic subtypes. J Clin Oncol 2009;27:1160–7.

11. Sotiriou C, Wirapati P, Loi S, et al. Gene expres-
sion profiling in breast cancer: understanding the
molecular basis of histologic grade to improve
prognosis. J Natl Cancer Inst 2006;98:262–72.

12. van’t Veer LJ, Dai H, van de Vijver MJ, et al.
Gene expression profiling predicts clinical out-
come of breast cancer. Nature 2002;415:530–6.

13. Myal Y, Gregory C, Wang H, et al. The gene for
prolactin-inducible protein (PIP), uniquely
expressed in exocrine organs, maps to chromo-
some 7. Somat Cell Mol Genet 1989;15:265–70.

14. Burgi W, Schmid K. Preparation and properties
of Zn-alpha 2-glycoprotein of normal human
plasma. J Biolo Chem 1961;236:1066–74.

15. Hale LP, Price DT, Sanchez LM, et al. Zinc
alpha-2-glycoprotein is expressed by malignant
prostatic epithelium and may serve as a potential
serum marker for prostate cancer. Clin Cancer
Res 2001;7:846–53.

16. Tada T, Ohkubo I, Niwa M, et al. Immunohisto-
chemical localization of Zn-alpha 2-glycoprotein
in normal human tissues. J Histochem Cytochem
1991;39:1221–6.

17. Todorov PT, McDevitt TM, Meyer DJ, et al. Puri-
fication and characterization of a tumor lipid-
mobilizing factor. Cancer Res 1998;58:2353–8.

18. Bing C, Bao Y, Jenkins J, et al. Zinc-alpha2-glyco-
protein, a lipid mobilizing factor, is expressed in
adipocytes and is up-regulated in mice with can-

cer cachexia. Proc Natl Acad Sci U S A 2004;101:
2500–5.

19. Sanchez LM, Vizoso F, Diez-Itza I, et al. Identifi-
cation of the major protein components in breast
secretions from women with benign and malig-
nant breast diseases. Cancer Res 1992;52:95–100.

20. Abdul-Rahman PS, Lim BK, Hashim OH. Expres-
sion of high-abundance proteins in sera of patients
with endometrial and cervical cancers: analysis
using 2-DE with silver staining and lectin detec-
tion methods. Electrophoresis 2007;28:1989–96.

21. Brysk MM, Lei G, Adler-Storthz K, et al. Zinc-
alpha2-glycoprotein expression as a marker of
differentiation in human oral tumors. Cancer Lett
1999;137:117–20.

22. Freije JP, Fueyo A, Uria J, et al. Human Zn-alpha
2-glycoprotein cDNA cloning and expression
analysis in benign and malignant breast tissues.
FEBS Lett 1991;290:247–9.

23. Gagnon S, Tetu B, Dube JY, et al. Expression of
Zn-alpha 2-glycoprotein and PSP-94 in prostatic
adenocarcinoma. An immunohistochemical study
of 88 cases. Am J Pathol 1990;136:1147–52.

24. Irmak S, Tilki D, Heukeshoven J, et al. Stage-
dependent increase of orosomucoid and zinc-
alpha2-glycoprotein in urinary bladder cancer.
Proteomics 2005;5:4296–304.

25. Lei G, Arany I, Selvanayagam P, et al. Detection
and cloning of epidermal zinc-alpha 2-glycopro-
tein cDNA and expression in normal human skin
and in tumors. J Cell Biochem 1997;67:216–22.

26. Zhu HJ, Dong CX, Pan H, et al. rs4215 SNP in
zinc-alpha2-glycoprotein gene is associated with
obesity in Chinese north Han population. Gene
2012;500:211–5.

27. Bao Y, Bing C, Hunter L, et al. Zinc-alpha2-gly-
coprotein, a lipid mobilizing factor, is expressed
and secreted by human (SGBS) adipocytes. FEBS
Lett 2005;579:41–7.

28. He N, Brysk H, Tyring SK, et al. Zinc-alpha(2)-
glycoprotein hinders cell proliferation and
reduces cdc2 expression. J Cell Biochem 2001;
Suppl 36:162–9.

29. Kong B, Michalski CW, Hong X, et al. AZGP1 is
a tumor suppressor in pancreatic cancer inducing
mesenchymal-to-epithelial transdifferentiation by
inhibiting TGF-beta-mediated ERK signaling.
Oncogene 2010;29:5146–58.

30. Mazoujian G, Bodian C, Haagensen DE, Jr, et al.
Expression of GCDFP-15 in breast carcinomas.
Relationship to pathologic and clinical factors.
Cancer 1989;63:2156–61.

31. Debily MA, Marhomy SE, Boulanger V, et al. A
functional and regulatory network associated with
PIP expression in human breast cancer. PLoS
One 2009;4:e4696.

32. Haagensen DE, Stewart P, Dilley WG, et al.
Secretion of breast gross cystic disease fluid pro-
teins by T47D breast cancer cells in culture—
modulation by steroid hormones. Breast Cancer
Res Treat 1992;23:77–86.

33. Yadav VK, Kumar V, Chhikara N, et al. Purifica-
tion and characterization of a native zinc-binding
high molecular weight multiprotein complex
from human seminal plasma. J Separ Sci 2011;34:
1076–83.

34. Baniwal SK, Little GH, Chimge NO, et al. Runx2
controls a feed-forward loop between androgen
and prolactin-induced protein (PIP) in stimulat-

ing T47D cell proliferation. J Cell Physiol 2012;
227:2276–82.

35. Jones MD, Liu JC, Barthel TK, et al. A proteasome
inhibitor, bortezomib, inhibits breast cancer
growth and reduces osteolysis by downregulating
metastatic genes. Clin Cancer Res 2010;16:4978–89.

36. Clark JW, Snell L, Shiu RP, et al. The potential
role for prolactin-inducible protein (PIP) as a
marker of human breast cancer micrometastasis.
Br J Cancer 1999;81:1002–8.

37. Pagani A, Sapino A, Eusebi V, et al.
PIP=GCDFP-15 gene expression and apocrine
differentiation in carcinomas of the breast. Virch
Archiv: Int J Pathol 1994;425:459–65.

38. Selim AA, El-Ayat G, Wells CA. Immunohisto-
chemical localization of gross cystic disease fluid
protein-15, -24 and -44 in ductal carcinoma in
situ of the breast: relationship to the degree of
differentiation. Histopathology 2001;39:198–202.

39. Cross SS, Hamdy FC, Deloulme JC, et al. Expres-
sion of S100 proteins in normal human tissues
and common cancers using tissue microarrays:
S100A6, S100A8, S100A9 and S100A11 are all
overexpressed in common cancers. Histopathology
2005;46:256–69.

40. Odink K, Cerletti N, Bruggen J, et al. Two
calcium-binding proteins in infiltrate macro-
phages of rheumatoid arthritis. Nature 1987;330:
80–2.

41. Thorey IS, Roth J, Regenbogen J, et al. The Ca21-
binding proteins S100A8 and S100A9 are
encoded by novel injury-regulated genes. J Biol
Chem 2001;276:35818–25.

42. Ghafouri B, Tagesson C, Lindahl M. Mapping of
proteins in human saliva using two-dimensional
gel electrophoresis and peptide mass fingerprint-
ing. Proteomics 2003;3:1003–15.

43. McKiernan E, McDermott EW, Evoy D, Crown J,
Duffy MJ. The role of S100 genes in breast cancer
progression. Tumour Biol 2011;32:441–50.

44. Hashemi FB, Mollenhauer J, Madsen LD, et al.
Myeloid-related protein (MRP)-8 from cervico-
vaginal secretions activates HIV replication. AIDS
(London, England) 2001;15:441–9.

45. Moon A, Yong HY, Song JI, et al. Global gene
expression profiling unveils S100A8=A9 as candi-
date markers in H-ras-mediated human breast
epithelial cell invasion. Mol Cancer Res 2008;6:
1544–53.

46. Townsley FM, Aristarkhov A, Beck S, et al. Dom-
inant-negative cyclin-selective ubiquitin carrier
protein E2-C=UbcH10 blocks cells in metaphase.
Proc Natl Acad Sci U S A 1997;94:2362–7.

47. Berlingieri MT, Pallante P, Sboner A, et al.
UbcH10 is overexpressed in malignant breast car-
cinomas. Eur J Cancer 2007;43:2729–35.

48. Okamoto Y, Ozaki T, Miyazaki K, et al. UbcH10
is the cancer-related E2 ubiquitin-conjugating
enzyme. Cancer Res 2003;63:4167–73.

49. Lee JJ, Foukakis T, Hashemi J, et al. Molecular
cytogenetic profiles of novel and established
human anaplastic thyroid carcinoma models.
Thyroid 2007;17:289–301.

50. Takahashi Y, Ishii Y, Nishida Y, et al. Detection
of aberrations of ubiquitin-conjugating enzyme
E2C gene (UBE2C) in advanced colon cancer
with liver metastases by DNA microarray and
two-color FISH. Cancer Genet Cytogenet 2006;
168:30–5.

1413
1414
1415
1416
1417
1418
1419
1420
1421
1422
1423
1424
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1463
1464
1465
1466
1467
1468
1469
1470
1471

1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530

C
an

ce
r

C
el

l
B

io
lo

gy

J_ID: z3q Customer A_ID: IJC28497 Cadmus Art: IJC28497 Ed. Ref. No.: 13-1726.R2 Date: 3-October-13 Stage: Page: 13

ID: nareshrao Time: 14:12 I Path: N:/3b2/IJC#/Vol00000/130510/APPFile/JW-IJC#130510

Parris et al. 13

Int. J. Cancer: 00, 00–00 (2013) VC 2013 UICC



Supporting information Table S1. Multigene signatures for breast carcinoma 

Assay description Biomarkers 

(n) 

Method and sample 

conditions 

Clinical use Biomarkers found in 

the signature in 

common with the 13-

marker signature * 

MAMMAPRINT® (1) 

FDA approved assay for pN0 breast cancer 

patients of all ages with tumors less than 5 

cm and either ER- or ER+ to predict risk for 

metastasis and determine which patients 

will benefit from chemotherapy 

70 Microarray, 

fresh/frozen or 

formalin-fixed tissue 

Tamoxifen, 

adjuvant and 

neoadjuvant 

chemotherapy 

SCUBE2, STK32B 

CLINICAL TREATMENT SCORE 

An algorithm which consisting of axillary 

lymph node status, tumor size, histological 

grade, age, and treatment 

N/A N/A  N/A 

IHC4 (2) 

A four-marker signature (ER, PgR, HER2, 

Ki67) which provides independent 

prognostic information after adjusting for 

established clinical variables 

4 IHC, FFPE  None 

ONCOTYPE Dx™ RECURRENCE SCORE (3) 

Signature used to calculate a disease 

recurrence score in early-stage ER-positive 

breast cancer 

21 qPCR, FFPE Tamoxifen, 

Adjuvant, CMF 

SCUBE2 

PREDICTOR ANALYSIS OF MICROARRAY (PAM50) (4, 5) 

Signature to classify breast tumors into the 

intrinsic molecular subtypes 

50 qPCR, fresh/frozen Neo-adjuvant 

chemotherapy 

UBE2C 

BREAST CANCER INDEX (6) 

Signature combining the molecular grade 

index and HOXB13:IL17BR to identify a 

subgroup of early-stage ER-positive breast 

cancer patients with an unfavorable 

prognosis despite adjuvant endocrine 

therapy 

5 qPCR, FFPE  None 

ENDOPREDICT (7) 

Signature to predict distant recurrence in 

ER-positive, HER2/neu-negative breast 

cancer treated with adjuvant endocrine 

therapy 

8 qPCR  AZGP1, STC2, UBE2C 

GENOMIC GRADE INDEX (8, 9) 

Signature to define histological grade (high 

or low genomic grade) in estrogen 

receptor-positive breast cancer using 

molecular profiling. 

97 Microarray, 

fresh/frozen or 

formalin-fixed tissue 

 NME5, UBE2C 

ROTTERDAM 76-GENE SIGNATURE (10) 

Signature to predict distant recurrence in 

axillary lymph node-negative breast cancer 

patients 

76 Microarray, 

fresh/frozen or 

formalin-fixed tissue 

 None 

WOUND RESPONSE SIGNATURE (11)     

Signature depicting a wound healing 

response in fibroblasts from ten anatomical 

regions after serum exposure 

446 Microarray, 

fresh/frozen or 

formalin-fixed tissue 

  

INVASIVENESS GENE SIGNATURE (12)     

Signature that can differentiate highly 

tumorigenic CD44+CD24-/low cells from 

normal breast epithelium 

186 Microarray, 

fresh/frozen or 

formalin-fixed tissue 

 STC2 

*Note: Gene targets discussed in this article are displayed in bold text. 

Abbreviations: CMF = Cyclophosphamide, methotrexate and 5-fluorouracil; FFPE = Formalin-fixed, paraffin-embedded; IHC = 

Immunohistochemistry; qPCR = Quantitative real-time PCR; N/A = Not applicable. 
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Supporting information Table S2: Correlation of IHC protein expression and Illumina HumanHT-12 microarray gene expression analyses

Gene Symbol Illumina HT-12 Beadchips
IHC

log2 H-score
Correlation

AZGP1 0.55 0.53 0.50732694

PIP 0.26 1.08

S100A8 2.27 1.99

UBE2C 2.31 0.84

Relative expression (fold change)

Gene Symbol Illumina HT-12 Beadchips
IHC

log2 H-score
Correlation

CBX2 1.89 0.82 -0.31908981

DNALI1 0.49 1.43

NME5 0.57 0.54

SCUBE2 0.44 0.93

SERPINA11 0.75 1.23

STC2 0.4 3.71

SUSD3 0.44 1.09

Relative expression (fold change)
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