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Abstract The Runx family of transcription factors has been
implicated in cancer progression, both positively and nega-
tively. Recent studies assigned a role for Runx2 in promoting
breast cancer metastasis. However, the role of Runx2 during
the early stage of breast carcinoma and its association with
clinical outcomes remain unknown. Assessing the clinico-
pathological significance of Runx2 expression in a cohort of
breast invasive ductal carcinomas (IDC). The correlation of
nuclear Runx2 LI with clinicopathological parameters was
assessed in 84 IDCs. To study the association of Runx2 with
patient outcomes, in addition to treating it as a continuous
variable, Runx2 was categorized by its median value (65)
and by an additional two cut-off points determined by ROC
curve analyses, at 45 for disease free survival (DFS) and 40 for
overall survival (OS). Multivariate Cox regression models
were also constructed. We used the best subset regression to
identify models that predict DFS and OS with as few predic-
tors as possible, and validation was performed. Based on the
BPredicted R2^, the three best models were identified. Using
Cox-regression, the interaction between Runx2 and other clin-
icopathological terms was tested. Runx2 LI was significantly
associated only with positive Her-2 status, and did not corre-
late significantly with other clinicopathological parameters.

Although Runx2 LI, in the continuous form and when cate-
gorized by the median, did not correlate significantly with
DFS and OS; after it was categorized using the optimal cut-
off points determined using ROC curve analysis, the patients
with Runx2 LI >45% showed a significantly higher event rate
and shorter DFS (P = 0.047), whereas patients with Runx2 LI
>40 % showed a significantly shorter OS (P = 0.050).
Moreover, Runx2 LI contributed significantly in the models
built to predict DFS and OS. For DFS, no interaction terms
contributed significantly to the models. However, among
stage IV cases, the interaction term between centred Runx2
and ER significantly contributed to the prediction of OS.
Runx2 was a significant predictor of OS in this model.
Runx2 has a role in biological behaviour and affects the out-
come of IDC; therefore, its inhibition may be a new therapeu-
tic strategy. The predictability of Runx2 for OS in stage IV
tumours differs with different ER states. The pattern of this
difference was not determined because the sample size was
not sufficient to allow pattern testing.
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Introduction

Breast cancer is one of the most common malignancies in
women worldwide [1, 2]. Bone metastasis is a frequent com-
plication of breast cancer, with distinct gene signatures defin-
ing bone-seeking tumours [3–7]. Prolonged exposure to
oestradiol (E2) is associated with an increased risk of breast
carcinoma [8–12]. The mechanisms by which oestrogens con-
tribute to breast carcinoma initiation and progression are com-
plex and implicate oestrogen receptor (ER)-mediated genomic
and nongenomic signalling, as well as the action of genotoxic
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oestrogen metabolites [10]. In contrast to E2-mediated carci-
nogenesis, the presence of ERα is a favourable prognostic
marker that is associated with less invasive tumours, and tu-
mours negative for ERα are more aggressive [13].

The Runx family of mammalian transcription factors plays
fundamental roles in the differentiation of osteoblasts and
chondrocytes (Runx2) [14, 15], hematopoietic cells (Runx1)
[16, 17] and neurons (Runx3) [18]. Runx proteins have also
increasingly been implicated in cancer progression, both pos-
itively and negatively [19, 20].

Runx2 is a lineage-specific transcription factor with crucial
roles in both bone biology and carcinogenesis [1, 20, 21].
Although Runx proteins have tumour suppressor properties
[20], recent studies assigned a role for Runx2 in promoting
breast and prostate cancer metastasis [22–27]. Thus, Runx2
and E2 signalling play dual roles in breast carcinoma, with
each functioning to either promote or suppress tumour pro-
gression. The mechanisms underlying these contrasting man-
ifestations in cancer are poorly understood [3].

With regard to its potential role at the sites of breast carci-
noma metastasis to the bone, Runx2 was reported to regulate
PTHrP expression of metastatic breast carcinoma cells in the
microenvironment of bone metastasis [24]. Runx2 was also
shown to modulate several factors that contribute to metasta-
sis, including vascular endothelial growth factor (VEGF) [28],
several matrix metalloproteinases (MMP) [29]and bone
sialoprotein [30]. However, the roles of Runx2 during the
early stage of breast cancer have not been established.
Moreover, the correlation of Runx2 nuclear immunoreactivity
in breast carcinoma cells and the histopathological features of
breast cancer were previously reported [31]; however, the cor-
relation between Runx2 expression and prognosis remains
unknown [1].

In the present study, we assessed the clinicopathological
significance of the status of nuclear Runx2 immunoreactivity
in a cohort of invasive ductal breast carcinomas. We then
correlated the nuclear Runx2 labelling index (LI) in breast
carcinoma cells with the histopathological features of the stud-
ied breast carcinomas, including tumour histological grade,
stage, hormone receptor status, and HER2 expression, with
patient clinical outcomes.

Material and Methods

Eighty-four cases of invasive ductal breast carcinomas were
retrieved from the files of the Department of Pathology,
Alexandria Faculty of Medicine, Egypt. Breast tissue speci-
mens were obtained from Egyptian female patients who
underwent a mastectomy between January 2007 and
July 2009 at the Department of Surgery, Main University
Hospital, Alexandria Faculty of Medicine, Egypt. All patients
did not receive preoperative chemo, radio or hormonal

therapy. The follow-up information for the patients was re-
trieved from the archives of the Clinical Oncology
Department, Alexandria Faculty of Medicine, Main
University Hospital, Egypt. The Ethics Committee at
Faculty of Medicine, University of Alexandria, Egypt, ap-
proved the research protocol for the study.

The histological type of primary breast tumour was classi-
fied based on Page et al. [32] and the College of American
Pathologists recommendations [33]. All invasive carcinomas
were graded according to the method described by Ellis and
Elston [34].

Immunohistochemical Staining

Sequential sections from each case were stained with four
antibodies, Runx2, Her2, ER, and PR, to compare the staining
characteristics of the same group of tumour cells.
Immunostaining was performed on 5-μm thick sections of
formalin fixed paraffin embedded (FFPE) tissue mounted on
polylysine-coated microslides, which were dewaxed and
rehydrated. Endogenous tissue peroxidase was blocked by
incubating the tissue sections in 3 % hydrogen peroxide for
15 min. Heat induced antigen retrieval was performed for all
antibodies in a microwave oven in 10 mM citrate buffer,
pH 6.0. Then, the tissue sections were incubated with the
primary antibodies. The primary antibodies used were mouse
monoclonals for Runx2 and Her2 and rabbit monoclonals for
ER and PR. Runx2 (Clone (27-K): sc-101145Santa Cruz
Biotechnology, Inc., Europe) was used at a dilution of 1:50,
Her2 (Clone (e2-4001 + 3B5) Thermoscientific, NeoMarkers,
Fremont, USA) was used at a dilution of 1:200, ER (Clone
SP1, Thermoscientific, NeoMarkers, Fremont, USA) was
used at a dilution of 1:100, and PR (Clone SP2,
Thermoscientific, NeoMarkers, Fremont, USA) was used at
a dilution of 1:200. The antigen-antibody reaction was visu-
alized with the Thermo scientific UltraVision LP Detection
System. Immunohistochemical reactions were developed with
diaminobenzidine, and the sections were counterstained with
Harrris haematoxylin. Immunostaining was manually proc-
essed, with the appropriate external positive and negative con-
trols included for each immunohistochemical run.
Furthermore, all of the sections had an internal positive con-
trol for hormone receptors and Runx2 (normal breast tissue
adjacent to the tumour).

Scoring of Immunostained Slides

Scoring the immunostained slides was performed semiquan-
titatively. Runx2 immunoreactivity was detected in the nuclei
of breast carcinoma cells and evaluated in the nuclei of over
1000 carcinoma cells for each case. The percentage of positive
nuclear immunoreactivity (labelling index (LI)) was subse-
quently calculated [1].
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Her2 immunohistochemical staining was scored according
to the guidelines published by Ellis et al. [35]. Tumours that
showed strong complete membrane staining in >10 % of the
tumour cells were considered positive.

The Allred score [36] was utilized to semiquantify the ER
and PR immunostaining, in which both the proportion of pos-
itive cells and the intensity of staining were considered. The
proportion of positive cells was scored on a scale of 0–5
(0 = no nuclear staining, 1 = <1 % nuclear staining, 2 = 1–
10 % nuclear staining, 3 = 11–33 % nuclear staining, 4 = 34–
66% nuclear staining and 5 = 67–100% nuclear staining), and
the staining intensity was scored on a scale of 0–3 (0 = no
staining, 1 = weak staining, 2 = moderate staining, and
3 = strong staining). The proportion and intensity were then
summed to produce total scores of 0 or 2 through 8. A score of
0–2 was regarded as negative, whereas 3–8 was regarded as
positive.

Statistical Analysis

Statistical analyseswere performed using SPSS® Statistics 21.
Quantitative data were described using the median (Mdn),
minimum andmaximum as well as the mean (M) and standard
deviation (SD). Qualitative data were described using the
number and percentage. Correlations with qualitative ordinal
variables were tested using Spearman’s rho. The Mann-
Whitney U test was used to compare variables between two
groups because the assumption of normality was violated in
all cases. The log-rank test was used to compare the patient
outcomes between different groups using the test for trend for
ordered categories withmore than two groups. Univariate Cox
regression was used to evaluate the association between con-
tinuous covariates and patient outcomes. To study the associ-
ation of Runx2 with the outcome, in addition to treating it as a
continuous variable, it was categorized by its median value
(65) or by an additional two cut-off points determined byROC
curve analyses, at 45 for disease free survival and 40 for over-
all survival.

Multivariate Cox regression models were constructed, and
the proportional hazards assumption was assessed by plots of
the log (−log survival time). We used the best subset regres-
sion to identify models that predict disease free survival and
overall survival with as few predictors as possible. Subset
models estimate the regression coefficients and predict future
responses with a smaller variance than the model containing
all predictors. Using the best subset regression, we examined
all of the possible subsets of the predictors, beginning with all
of the models containing one predictor, then all of the models
containing two predictors, and so on.

With multicollinearity, p-values for one predictor may be
insignificant (>0.05), although this predictor remains valuable
for the overall prediction of the outcome. Because the param-
eters included in the model were highly correlated with each

other, we did not use the p-value to determine whether we
retained a predictor in the model. Instead of using p-values,
we used R2, adjusted R2, MAL PC and S (square root of the
mean square error) for selecting the parsimonious model,
which is the model that accomplishes a desired level of expla-
nation or prediction with as few predictor variables as
possible.

Finally, the program listed the baseline cumulative hazard
H0 (t) at the mean of all of the covariates in the selected
models. The hazard rate H (t) for any case at time (t) was
calculated as follows:

H tð Þ ¼ H0 tð Þ*ePI

where H0 (t) is the baseline cumulative hazard at time (t), k
is the number of covariates, and PI is a prognostic index:

PI ¼ x1b1 þ x2b2 þ x3b3……:þ xkbk

Validation for each of the three models was conducted by
systematically removing each observation from the data set,
estimating the regression equation, and computing the
BPredicted R2^ to determine how well the model predicts the
removed observation.

Using Cox-regression, the interaction between Runx2 and
other clinicopathological terms was tested. We centred Runx2
first to prevent the multicollinearity of Runx2, clinicopatho-
logical parameters, and interaction terms from disturbing the
estimated p-values in the models.

Results

Clinicopathological Features

The current study included 84 female patients with a mean age
of 50.2 (SD = 11.6) years, ranging from 27 to 76 years. Runx2
immunoreactivity was detected in the nuclei of breast carci-
noma cells (Fig. 1A, 1B). The mean Runx2 labelling index
was 54.9 (SD = 37.2), ranging from 0 to 100, and its distribu-
tion had two peaks, at 0 and 100 (Fig. 2), with a median of 65.
Runx2 immunoreactivity was also detected in non-
pathological myoepithelial and ductal cells (Fig. 3). Sixty-
three cases (75 %) were ER positive, and 21 cases (25 %)
were ER negative. Fifty-eight cases (69 %) were PR positive,
and 26 cases (31 %) were PR negative. Only thirty-five cases
(41.7 %) were Her2 positive.

Correlation of the Nuclear Runx2 LI
with the Clinicopathological Factors

The mean Runx2 LI was not significantly correlated with
patient age (ρ = 0.209, p = 0.056) and was significantly asso-
ciated only with positive HER2 status (P = 0.047).
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Supplemental Table 1 summarizes the correlation of the nu-
clear Runx2 LI in breast carcinoma cells with the clinicopath-
ological parameters in the studied cohort of breast carcinoma
cases.

Correlation Between the Runx2 LI and Patient Clinical
Outcomes

Runx2 LI in the continuous form did not show any statistically
significant association with the occurrence of any disease re-
lated event (HR = 1.008, 95 % CI = 0.997, 1.020) or with
death (HR = 1.008, 95 % CI = 0.997, 1.019). This result did
not change after the categorization of Runx2 by the median
(Fig 4A, B). However, after Runx2 was categorized using the
optimal cut-off point (45) determined by ROC curve analysis,
the higher group (patients with Runx2 LI >45 %) showed a
significantly higher event rate and shorter disease free survival
time (P = 0.047) (Fig 5A). Moreover, the categorization of
cases using the optimal cut-off point (40) determined by
ROC curve analysis revealed that the higher group (patients
with Runx2 LI >40 %) had a significantly shorter OS
(P = 0.050) (Fig 5B).

Bivariate analysis was performed to detect the other signif-
icant predictors of DFS and OS. Tumour size (T-stage),

A

B

Fig. 1 Runx2 immunostaining in breast carcinoma cells. aDiffuse strong
nuclear immunoreactivity (Runx2 LI = 100 %), (IHC, X40); b Higher
power view demonstrating the positive nuclear stain in all tumor cells,
(IHC, X400)

Fig. 2 Histogram showing the
distribution of Runx2 in the
studied breast carcinoma cases

Fig. 3 Runx2 positive immunostaining in the non-pathological
myoepithelial and ductal cells adjacent to the tumor; (IHC, X100)
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clinical stage, and hormone receptor status were significant
predictors of both DFS and OS. Age did not show any statis-
tically significant association with death (HR = 1.010,
95%CI = 0.976, 1.045) or with any disease related events
(HR = 1.012, 95%CI = 0.977, 1.048). Tumour grade and
Her2 status were insignificant predictors of DFS and OS.
Nodal stage was a significant predictor of OS but showed no
significance as a predictor of DFS, (Table 1).

We constructed several regression models to predict dis-
ease free survival, which in addition to Runx2 (continuous
form), included the parameters significantly associated with
DFS in bivariate analysis, including the stage of tumour (all

vs. IV), T-stage (T1, 2 vs. T3, 4), ER (positive vs. negative)
and PR (positive vs. negative). We used both ER and PR as an
ordinal variable (negative, +, ++, and +++). Unexpectedly, the
models containing ER and PR as ordinal variables had less
prediction power, as measured by R2, than the models
containing ER and PR as dichotomous variables (+ve
and -ve). As shown in Table 2, each row represents a
different model BM^. BPar^ is the number of predictors
in the model in addition to the constant. R2 and the
adjusted R2 are presented as percentages. The predictors
present in the model are indicated by an X.

For each number of predictors, only the two best models
based on the size of the R2-value are displayed. The first two

Fig. 4 aKaplan Meier plot showing how the disease free survival curves
of the 84 breast carcinoma patients differed according to the Runx2 LI
categorized by its median value (65). b Kaplan Meier plot showing how
the overall survival curves of the 84 breast carcinoma patients differed
according to the Runx2 LI categorized by its median value (65)

Fig. 5 aKaplan Meier plot showing how the disease free survival curves
of the 84 breast carcinoma patients differed according to the Runx2 LI
categorized according to cut-off point (45) determined by ROC curve
analysis. b Kaplan Meier plot showing how the overall survival curves
of the 84 breast carcinoma patients differed according to the Runx2 LI
categorized according to cut-off point (40) determined by ROC curve
analysis
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models, A and B, were the best one-predictor models,
followed by the best and second best two-predictor
models, C and D, and so on. The last model, I, is the
full model containing all parameters. As shown in Table 2,
Runx2 is retained in two models, BF^ and BG^, in addition
to the full model, BI^.

Different Bbest^ models were selected based on the
different criteria. Based on the R2-value criterion, the
Bbest^ models were BI^, followed by BG^ and BH^.
According to the adjusted R2-value criterion, the best
regression models were BE^, followed by BG^. Based
on the Cp value, the two best models were BG^, follow-
ed by BH^. Based on the S value, the two best models
were BE^, followed by BG^. Therefore, the three best
models were BG^, BH^ and BE^, Supplemental Table 2.

The disease free probability S (t) for any case at time t was
calculated as follows:

S tð Þ ¼ exp −H0 tð Þ � PIð Þ

where H0 (t) is the baseline cumulative hazard and PI is a
prognostic index:

PI ¼ x1b1 þ x2b2 þ x3b3 þ…þ xkbk

Based on the predicted R2-value, the Bbest^model was BE^
(32.9 %), followed by BH^ (31.8 %). However, the predicted
R2 for model BG^, containing Runx2, (31.6 %) was not sig-
nificantly lower.

Several regression models to predict the overall survival
were also constructed from Runx2 (continuous form) and

Table 1 Predictors of disease free survival and overall survival among the studied cohort of breast carcinoma patients

Predictor Disease Free survival Overall survival

Total Events Survival time Log-rank test Events Survival time Log-rank test

N n % Mean SE p-value n % Mean SE p-value

T

T1 or T2 29 3 (10.3) 54.6 (3.0) 6.2 (0.013) 3 (10) 57.1 (2.7) 7.296 (0.007)
T3 or T4 55 21 (38.2) 42.6 (3.1) 23 (42) 47.0 (2.7)

Grade

I or II 62 16 (25.8) 48.5 (2.6) 1.1 (0.284) 18 (29) 52.5 (2.1) 0.960 (0.327)
III 22 8 (36.4) 41.5 (5.2) 8 (36) 43.3 (4.8)

Stage

I, II or III 72 14 (19.4) 51.5 (2.1) 32.0 (<0.001) 15 (21) 54.2 (1.9) 33.662 (<0.001)
IV 12 10 (83.3) 18.1 (5.5) 11 (92) 27.8 (4.7)

LN

Negative 15 4 (26.7) 48.5 (5.1) 0.02 (0.884) 4 (27) 53.1 (3.8) 0.121 (0.728)
Positive 69 20 (29.0) 46.3 (2.6) 22 (32) 49.7 (2.3)

LN stage

N0, N1 or N2 68 17 (25.0) 48.4 (2.5) 2.4 (0.121) 18 (26) 52.5 (2.1) 4.277 (0.039)
N3 16 7 (43.8) 39.4 (6.1) 8 (50) 41.4 (5.6)

ER

Negative 21 12 (57.1) 35.2 (5.1) 11.2 (0.001) 12 (57) 41.1 (4.2) 8.899 (0.003)
Positive 63 12 (19.0) 50.5 (2.5) 14 (22) 53.2 (2.2)

PR

Negative 26 13 (50.0) 37.4 (4.7) 8.8 (0.003) 14 (54) 41.9 (3.8) 9.420 (0.002)
Positive 58 11 (19.0) 50.6 (2.6) 12 (21) 53.7 (2.3)

HER2

Negative 49 13 (26.5) 47.3 (3.1) 0.2 (0.692) 13 (27) 51.5 (2.7) 0.721 (0.396)
Positive 35 11 (31.4) 45.7 (3.7) 13 (37) 48.8 (3.2)

Runx2_median

<65 40 9 (22.5) 50.1 3.0 1.8 (0.179) 40 10 25.0 53.4 1.6 (0.207)
≥ 65 44 15 (34.1) 43.5 3.5 44 16 36.4 47.6

≤40 33 6 (18.2) 51.6 (3.2) 3.0 (0.085) 6 (18) 54.6 (2.9) 3.833 (0.050)
>40 51 18 (35.3) 43.4 (3.2) 20 (39) 47.6 (2.8)

≤45 35 6 (17.1) 52.1 (3.0) 3.9 (0.047) 7 (20) 54.4 (2.7) 3.289 (0.070)
>45 49 18 (36.7) 42.7 (3.3) 19 (39) 47.4 (2.9)

Significant data (P<005) is shown in bold
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the parameters that were significantly associated with OS using
a bi-variate analysis, including the stage of the tumour (IV vs.
all), T-stage (T1, 2 vs. T3, 4), ER (positive vs. negative), PR
(positive vs. negative), and N-stage (LN3 vs. all). We used the
ER, PR, and N-stage as the ordinal variables (negative, +, ++,
and +++). Unexpectedly, the models containing those predic-
tors as ordinal variables had less prediction power as measured
by the R2 than the models containing these variables as dichot-
omous variables (+ve and –ve for ER and PR, and all vs. +++
for N-stage) As shown in Table 2, Runx2 is retained in only one
model, BJ^, in addition to the full model, BK^.

Different Bbest^ models were selected based on the differ-
ent criteria. Based on the R2-value criterion, the Bbest^models

were BK^, followed by BI^. According to the adjusted R2-
value criterion, the best regressionmodels were BK^, followed
by BI^. Based on the Cp value, the two best models were BG^,
followed by BI^. Based on the S value, the two best models
were BI^, followed by BG^. Therefore, the three best models
were BG^, BI^ and BK^, Supplemental Table 3.

Validation was performed, and according to the BPredicted
R2^, the Bbest^ models were BG^ (34.4 %) and BI^ (34.1 %).
However, the predicted R2 for model BK^, containing Runx2,
was lower (32.7 %).

For example, the characteristics of three breast carcinoma
patients at 12, 15 and 48 months of follow up are shown in
Supplemental Table 4. Using the developed model BG^ for

Table 2 Best subset regression models for predicting DFS and OS among the 84 studied breast carcinoma patients

Outcome M Par Criteria for selecting the best model Variables in the model PredR2 Prognostic index (PI)

R2 AdjR2 Cp S Runx2 Stage T ER PR LN

Disease-free survival A 2 24.5 23.6 18.4 1.0000 X

B 2 13.3 12.3 33 0.4257 X

C 3 37.8 36.3 3.1 0.3628 X X

D 3 31.9 30.2 10.8 0.3797 X X

E 4 39.8 37.5 2.5 0.3593 X X X 32.9 (1.935)*Stagea+(0.86)*Tb+
(−1.339)*ERc

F 4 38.2 35.8 4.6 0.3640 X X X

G 5 40 37 4.2 0.3608 X X X X 31.6 (1.930)*Stagea+(0.816)*Tb+
(−1.112)*ERc+(−0.301)*PRd

H 5 40 36.9 4.3 0.3610 X X X X 31.8 (1.898)*Stagea+(0.817)*Tb+
(−1.457)*ERc+(0.007)*Runx2e

I 6 40.2 36.3 6 0.3626 X X X X X

Overall survival A 2 28.7 27.9 20.1 0.3950 X

B 2 11 9.9 45 0.4414 X

C 3 39.4 38 7.1 0.3664 X X

D 3 36.7 35.1 10.9 0.3745 X X

E 4 42.2 40.1 5.1 0.3600 X X X

F 4 42.2 40 5.2 0.3601 X X X

G 5 44 41.2 4.7 0.3567 X X X X 34.4 (0.855)*Tb+(1.733)*Stagea+
(−1.203)*ERc+(0.618)*LNf

H 5 43.5 40.7 5.3 0.3582 X X X X

I 6 45 41.5 5.2 0.3557 X X X X X 34.1 (0.776)*Tb+(1.732)*Stagea+
(−0.837)*ERc+(0.677)*LNf+
(−0.550)*PRd

J 6 44.3 40.7 6.3 0.3582 X X X X X

K 7 45.2 40.9 7 0.3575 X X X X X X 32.7 (0.776)*Tb+(1.672)*Stagea+
(−0.880)*ERc+(0.621)*LNf+
(−0.559)*PRd+(0.004)*Runx2e

xaStage = 0 if tumor stage is I, II or III, Stage = 1 if tumor stage is IV

xbT = 0 if the tumor size is T1 or T2, T = 1 if the tumor size is T3 or T4

xcER = 0, if tumor ER is negative, ER = 1 if tumor ER is positive

xdPR = 0 if tumor PR is negative, PR = 1 if tumor PR is positive

xeRunx2 is the Runx2 labeling index

xfLN = 0 if N is 0, 1, or 2, LN = 1 if N = 3
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predicting the hazard rate, the estimated hazard rate for the
first case was the highest (0.78), whereas for the third case,
it was the lowest (0.15).

Regarding disease free survival, no interaction term signifi-
cantly contributed to the models (p > 0.05). Among stage IV
cases, the interaction term between centred Runx2 and ER sig-
nificantly contributed to the prediction of overall survival
(p = 0.033). In this model, Runx2 was a significant predictor of
overall survival (HR = 1.047, 95%CI = 1.004, 1.092, p = 0.027).

Another interesting finding was detected in the models that
assessed the interaction between Her-2 and Runx2. Although
Her-2 and the terms of its interaction with centred Runx2 were
not significant predictors of disease free survival or overall
survival, Runx2 did show a statistically significant association
with disease free survival (HR = 1.024, 95 % CI = 1.001,
1.048, p = 0.042) and overall survival (HR = 1.021,
95CI% = 1.001, 1.042, p = 0.027).

Discussion

In the studied cohort of breast carcinomas, the mean Runx2 LI
was 54.9 (SD = 37.2), ranging from 0 to 100. Its distribution
revealed two peaks at 0 and 100. This mean, similar to that
reported by Onodera et al. [1], was significantly associated
with positive Her-2 status (P = 0.047). Conversely, Das et al.
[31] demonstrated that Her-2 showed a negative correlation
with Runx2 expression in grade 2 and grade 3 breast tumours.
This contradiction could be explained by differences in the
interpretation and scoring of Runx2 immunostaining. Based
on the known role of Runx2 as a nuclear transcription factor,
Das et al. [31] proposed that nuclear expression of Runx2
reflects a functionally active form of the protein, whereas its
cytoplasmic localization indicates a loss of function in gene
regulation. They hypothesized that cytoplasmic Runx2 pro-
vides a reservoir of sequestered Runx2 that translocates to
the nucleus only upon stimulation or simply represents an
inactive bystander molecule. Therefore, they interpreted the
concurrent expression of Runx2 in both the nucleus and cyto-
plasm as indicating that the protein has retained its transcrip-
tional function, and is, at least in part, active in gene regula-
tion. Whether Runx2 contributes to the aggressive biological
behaviour of Her-2 positive breast carcinomas must be
verified.

In our study, Runx2 LI tended to correlate with the clinical
stage (P = 0.072) but the level did not reach statistical signif-
icance. Runx2 LI was not significantly associated with patient
age, tumour grade, T-stage, N-stage, or hormone receptor sta-
tus. These findings oppose those of Onodera et al. [1], who
reported that Runx2 LI, categorized by the median, was sig-
nificantly associated with tumour stage and histologic grade.

Breast cancer development consists of many sequential
steps, including primary tumour growth, neovascularization

around the tumour, invasion, extravasation and subsequent
formation of bone metastasis [37]. Many in vitro studies dem-
onstrated that Runx2 may participate in these steps in multiple
modes. Regulation or modification of VEGF secretion by
Runx2 was reported in neovascularization [38]. Regulation
of the secretion of several MMPs by Runx2 was also postu-
lated as being linked with the subsequent invasion of carcino-
ma cells [39, 40]. Runx2 was proposed to subsequently me-
diate PTHrP expression of metastatic breast carcinoma cells in
the microenvironment of bone [41]. These may all be related
to an adverse clinical outcome for patients, but little has actu-
ally been demonstrated in clinical cases of human breast
carcinoma.

In our studied breast carcinoma cohort, Runx2 LI in the
continuous form, and when categorized by its median, was
neither significantly associated with DFS nor with OS.
However, at a cut off of >45, Runx2 LI significantly predicted
a higher event rate and shorter disease free survival time,
(P = 0.047), and at a cut off of >40, Runx2 LI predicted a
significantly shorter OS, (P = 0.050). Similarly, Ondera et al.
[1] demonstrated that the prognosis or clinical outcome of
breast carcinoma cases with a high Runx2 LI was generally
poor, and Chang et al. [42] reported that both relapse free
survival (RFS) and OS were significantly lower in breast car-
cinoma patients with overexpressed Runx2.

Despite this, in the regression models built to assess the
predictability of Runx2 for DFS and OS, we used Runx2 LI
in the continuous form to avoid bias. Based on the predicted
R2-value, the Bbest^ model for the prediction of DFS was
model BE^ (32.9 %), which included the stage, T-stage and
ER, followed by model BH^ (31.8 %), which included the
stage, T-stage, ER and PR. However, the predicted R2 for
model BG^, containing Runx2 in addition to the stage, T-
stage, and ER, was not significantly lower (31.6 %) than mod-
el BG^. This suggests that the role of Runx2 may be related to
or equivalent to the role played by PR. Based on the predicted
R2-value, the Bbest^ three models for the prediction of OS
were models BG^, including the stage, T-stage, ER, and N-
stage (34.4 %), and BI^, including the stage, T-stage, ER, PR
and N-stage (34.1 %). The predicted R2 for model BK^, con-
taining Runx2, was lower (32.7 %).

The finding that for all models, both for DFS and OS, the
predicted R2 was near 30 %, demonstrates that nearly 70 % of
the variation in disease progression remains unexplained.
Moreover, no significant difference was observed between
the R2 and predicted R2. These findings indicate that we need
to identify additional variables other than those addressed in
the models to improve the predictive performance of the
models.

We then tested the interaction between Runx2 and clinico-
pathological parameters using Cox-regression to assess
whether Runx2 differs with different grades, T-stage, and N-
stage. No interaction term contributed significantly to their
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models regarding DFS. Therefore, the predictive performance
of Runx2 did not differ significantly with the change of grade
or stage. However, among stage IV cases, the interaction term
between centred Runx2 and ER significantly contributed to
the prediction of overall survival. This highlights that the pre-
dictability of Runx-2 for OS differs between stage IV ER
positive and stage IV ER negative patients. The pattern of this
difference was not assessed because of the small sample size,
which was not sufficient to allow further pattern testing.

The variation of Runx2 expression with different tumour
grades and stages was previously reported by Das et al. [31],
who showed that the nuclear expression of Runx2 varied sig-
nificantly across the three grades of breast cancer, with the
highest expression in G2 tumours. Furthermore, there were
no significant differences between Runx2 expression and dif-
ferent breast cancer stages or with axillary lymph node
metastasis.

The potential involvement of Runx2 in earlier phases of
breast cancer development was raised by Onodera et al. [1].
In that study [1], in particular, among the non-metastatic breast
carcinomas, the groups of patients with elevated Runx2 ex-
pressionwere significantly associatedwith a poor prognosis in
the ER-negative group of patients, whereas this association
was not detected in the ER-positive carcinoma patients.
Moreover, they demonstrated that the Runx2 LI evaluated as
a continuous variable was also a significant prognostic factor
of disease-free survival and overall survival. Chang et al. [42]
also reported that the expression of Runx2 in ER negative and
triple negative breast cancer was higher than in ER positive
breast cancer, and related this to the intricate interactions
among oestrogen, oestrogen receptor alpha (ERα) and
Runx2 to mutually regulate their expression and activation.

An interesting finding in our study was that in the models
assessing the interaction between Her-2 and Runx2, although
Her-2 and the terms of its interaction with centred Runx2 were
not significant predictors of disease free survival or overall
survival, surprisingly, Runx2 did show a statistically signifi-
cant association with disease free and overall survival.

In this study, we evaluated Runx2 expression in human
IDC immunohistochemically. The nuclear Runx2 LI in carci-
noma cells was correlated with positive Her-2 status. Runx2
LI, in continuous form and when categorized by the median,
did not significantly correlate with DFS and OS; however, at a
cut-off of 45 % and 40 %, as determined by ROC curve anal-
ysis, it was a significant predictor of DFS and OS, respective-
ly. In addition, Runx2 LI effectively contributed to the models
created to predict DFS and, to a lesser extent, OS. Because the
predicted R2, which did not differ from that of model R2, was
low, further research should be directed at identifying new
markers and disease features, other than those included in
the models, rather than increasing the sample size. The pre-
dictability of Runx2 LI for OS in stage IV, ER positive patients
was significantly different from that of stage IV ER negative

patients. This finding needs further assessment to determine
the potential roles of Runx2 in these interactions. Moreover,
because Runx2 shows a statistically significant association
with disease free and overall survival in the models assessing
the interaction between Her-2 and Runx2, there is the possi-
bility of an unknown role for Runx2 in the biological behav-
iour of breast carcinomas. Therefore, inhibition of Runx2 may
be a new therapy strategy for these cases.
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