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Abstract- Modulation of AP-2AP-2, CHI3L1 and PBEF1 has been implicated in the pathogenesis of many human neoplasms. In
order to get an insight into the role of these genes in breast cancer pathogenesis, we have studied the extent of AP-2, AP-2, CHI3L1
and PBEF1 expression and evaluated their prognostic significance by calculating risk score among Indian sporadic breast cancer
patients. Immunohistochemistry was carried out to study the expression level of four genes AP-2, AP-2, CHI3L1 and PBEF1.
Statistical methods were used to calculate risk score which was tested for prognostic significance. While AP-2nuclear), CHI3L1,
PBEF1, ErbB2, Stage, distant metastasis and nodal involvement correlated with patient survival in univariate analysis, multivariate
analysis revealed that AP-2, CHI3L1, PBEF1, ErbB2, distant metastasis and lymph node involvement were independent predictors
of survival. Of the markers of our interest, AP-2nuclear) was found to be protective, whereas CHI3L1 and PBEF1 were found to be
risky. A risk score calculated by combining the prognostic value of these three markers was found to be a significant predictor of
survival by univariate analysis (HR = 2.532; 95% CI = 1.823-3.516; P = 2.912x10-8). The risk score segregated the patients into high
and low risk group with significantly different survival times. It was observed that patients who fell in the low risk category showed
better survival compared to the high risk category (Median survival: undefined versus 42 months; HR: 11.30; P <0.0001). Cox
multivariate analysis revealed that risk score was the most significant predictor of survival (HR = 2.587; 95% CI= 1.747-3.832; P=
2.103x10-6). Thus, the present study suggests that these genes can be used as prognosticators. Risk score which combines the
prognostic capability of AP2-, CHI3L1 and PBEF1 is a much better prognosticator and may help in the selection of high risk cancer
patients for tailored treatments.
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I. INTRODUCTION

B

reast cancer is the most common malignancy prevailing among women population across the world, and if it is diagnosed at an
early stage of the disease, its treatment becomes possible (1, 2). Our understanding of tumor biology in recent years has achieved
a significant improvement by immunohistochemistry. Evaluation of protein expression in sporadic cancers by immunohistochemistry
has enabled the identification of new biomarkers that have diagnostic, therapeutic and prognostic value (3). Prognostic markers are
indicators of aggressiveness, invasiveness, extent of spread of tumors, cell proliferation and thus, correlate with survival independent
of systemic therapy and can be used to select patients at risk (4). Clinical prognostic factors are axillary lymph node status, tumor size,
nuclear grade, histological grade, stage of the disease and distant metastasis. Candidate prognostic biomarkers in breast cancer include
elevated levels of estrogen (ER) and progesterone receptor (PR); amplification and over-expression of ErbB2 (5, 6). Review of
literature suggests that over expression of ErbB2, AP-2, AP-2 and CHI3L1 have prognostic significance in breast cancer, whereas
not much is known about PBEF1, and these genes are the focus of our study. AP-2 transcription factors are a family of five
developmentally regulated proteins, AP-2, , , and θ, encoded by five different genes (7, 8). AP-2 proteins play an important role
as regulators of gene expression in development, cell growth, cell differentiation and apoptosis. Alterations in AP-2 function have
been linked with malignancy and studies suggest that AP-2 family acts as tumor suppressor genes (9). In breast and other cancers,
reduced expression of AP-2 in vivo has been linked with disease progression (10-14). The AP-2 gene family has been implicated in
regulation of both ER and ERB2 expression during the progression from normal breast epithelium to breast cancer (15), and represents
a clinical marker of poor prognosis in breast cancer. CHI3L1 is a 40-kDa secreted glycoprotein that was discovered as a heparinbinding protein in the medium of human synoviocytes, chondrocytes, and MG-63 osteosarcoma cell line (16-18). CHI3L1may play a
role in the proliferation, differentiation, invasiveness, apoptosis, angiogenesis, remodeling of the extracellular matrix and stimulation
of fibroblasts surrounding the tumor (19). Thus, CHI3L1expression is associated with poor prognosis and shorter disease free survival
in breast cancer and other malignancies (20-25). Therefore, CHI3L1can be termed as a biomarker that can be used as a prognosticator.
PBEF1 functions as an enzyme involved in NAD biosynthesis (26). PBEF1 has also been recognized as a hormone named Visfatin as
it was found in high levels in visceral fat (27). PBEF1 has been shown to be over expressed in colon, pancreatic, colorectal, astrocytic
cancers. However, the role of PBEF1 in breast cancer is largely not known (28, 29). In view of this and with emerging data on the role
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of some of these prognostic markers in breast cancer, the aim of this study was to evaluate the association of four genes (AP-2, AP2, CHI3L1 and PBEF1) with survival of patients with breast cancer. To accomplish this, we generated risk score, which combined
the independent capability of AP-2, CHI3L1 and PBEF1 to predict prognosis.

II. METHODS
Patient population.
The retrospective study included 174 breast cancer patients who underwent surgical resection at Kidwai Memorial Institute of
Oncology between 2001 and 2002. The study protocol was approved by the Ethics Committee of Kidwai Memorial Institute of
Oncology, Bangalore India. The patients were followed up at regular intervals and their clinical status was documented. Patients who
met the following eligibility criteria were included: (1) diagnosis of breast tumors identified by histopathological examination; (2) all
patients who underwent surgery (modified radical mastectomy, lumpectomy) followed by adjuvant radiation therapy and
chemotherapy. All patients who were estrogen receptor positive had also undergone tamoxifen therapy. (3) Availability of follow-up
data; (4) no preoperative treatment, such as chemotherapy and radiotherapy; (5) no history of familial malignancy or other
synchronous malignancy (such as ovarian tumor); and (6) no death in the perioperative period. Overall survival was defined as the
duration between surgery and death of the patient due to disease or the last follow up. Patient characteristics are listed in Table 1.
Tissue specimens.
Paraffin-embedded breast cancer samples were obtained from Kidwai Memorial Institute of Oncology. The samples were
collected between 2001 and 2002 from patients who underwent surgical resection. Each tumor sample was assigned a histological
grade based on the World Health Organization (WHO) classification criteria. clinical stage of the disease based on AJCC, 2002;
distant metastasis based on TNM classification of breast tumors by UICC, 2002; lymph node status classified based on UICC, 2002;
tumor size, classified as T1-4 based on TNM classification of breast tumors by UICC, 2002; pathological grade of the tumor based on
Elston and Ellis, 1991; histological type of tumor based on WHO classification of tumors, 2003.

Immunohistochemistry.
IHC for AP-2 AP-2CHI3L1 and PBEF1 was done using AP-2 polyclonal antibody (C-18; Cat# sc-184; Santa Cruz
Biotechnology, USA), AP-2 polyclonal antibody (6E4/4; Cat# sc-12762; Santa Cruz Biotechnology, USA), PBEF1 antibody (Rabbit
polyclonal antibody against purified GST-PBEF1 protein was made using standard immunization protocol) and CHI3L1 antibody
(Rabbit polyclonal antibody against purified GST-CHI3L1 protein was made using standard immunization protocol) respectively. All
samples were fixed in 10% formalin and paraffin embedded. Serial 3-5m sections were cut from the retrieved cases and stained with
Haematoxylin and Eosin to confirm the presence of tumor. Tissue sections were incubated overnight at 60ºC, deparaffinized for 15
minutes two times in xylene. Hydration in absolute alcohol was carried out followed by rinsing in distilled water. Using Citrate buffer,
pH 6.0, antigen retrieval was performed in a pressure cooker at high pressure for 20-30 minutes. The endogenous peroxidases were
blocked by 0.5% hydrogen peroxide treatment for 20 minutes and the antibody blocking was carried out by immersing the slides in
2% milk for 30 minutes. Sections were incubated for 90 minutes at 24ºC with mouse anti-human monoclonal AP-2 antibody at a
dilution of 1:100, with mouse anti-human monoclonal AP-2 antibody at a dilution of 1:50, PBEF antibody at a dilution of 1:500 and
CHI3L1antibody at a dilution of 1:500. After rinsing with TBS buffer, the sections were incubated with Biotin-2º antibody (BioGenex,
SanRamon, CA) for 30 minutes at 24ºC. Finally Streptavidin-3º antibody (BioGenex, SanRamon, CA) complex was added and
sections were incubated at 24ºC for 30 minutes. Visualization of the antigen-antibody complex was achieved by using the
Diaminobenzidine tetrahydrochloride detection system (BioGenex, SanRamon, CA). After final washing, slides were counterstained
with Mayer’s hematoxylin, dehydrated and mounted. For AP2α, a glioblastoma sample served as a positive control [11]. In addition,
there are other studies which have used the same antibody [9, 10, 31, 32, 33]. For PBEF1 also, a glioblastoma sample served as a
positive control [29]. For AP-2γ immunostaining, the antibody used in this study has been used previously [9,31.32.33.35]. The
specificity of CHI3L1 antibody was confirmed by western blot analysis that detected the protein of expected size from cell line extract
which served as a positive control- data not shown. Negative controls included exclusion of the 1º antibody and replacement with TBS
buffer. Estrogen receptor (ER), Progesterone receptor (PR) staining and ErbB-2 staining details are furnished in our manuscript (30).
Scoring of Immunoreactivity.
Tumor epithelial cellular immunostaining for AP-2, AP-2, and PBEF1and CHI3L1 were assessed in test sections by a
pathologist. Labeling index was calculated based on number of cells positive and the intensity of staining. Based on cell positivity the
labeling index ranged from <10%-100% and the scores were scaled as 0 if no staining was present. Score 1 was used if ≤ 10% of cells
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were stained, score 2 if 10-50%, score 3 if 51-80% and score 4 if more than 80% of cells showed immunohistochemical staining
reaction. Based on cell intensity, the values given are mild=1, moderate=2 and severe=3. Labeling index which is a measure of
expression ranged from 0 to 12 [35]. Control slides were checked for non-specific binding before assessing the staining intensity and
percentage positivity of the tumor cells in test sections.
Survival and Statistical analysis.
Patients for whom expression details of AP-2 AP-2 CHI3L1 and PBEF1 were available were included for analysis. Mean
age of the patient cohort was 45 years. The follow up period was between January 2001 to January 2012, with the minimum and
maximum follow up being 12 months and 132 months respectively. The mean survival period was (Median: 54; Range: 12 months to
10 years).
The correlation of expression of a given gene with survival was assessed by Cox regression method. The formula was
devised using the Cox regression coefficients derived from the Cox proportional hazard analysis. Each patient was assigned a risk
score that is a linear combination of the expression levels of the significant parameters weighted by their respective Cox regression
coefficients. According to our analysis, patients having high risk scores are expected to have poor survival outcomes as compared to
patients having low risk scores. The study involves calculation of risk scores for every patient as follows:
Risk score = ((-0.705 X labeling index of AP2-α) + (0.300 X labeling index of CHI3L1) + (0.279 X labeling index of
PBEF1))
The significant parameters that formed the signature were of two types - risky and protective. Risky parameters were defined
as those that had hazard ratio greater than 0. Protective parameters were defined as those that had hazard ratio lesser than 0. Using this
definition, we found 1 protective parameter and 6 risky parameters.
Based on the risk score, the patients were divided into high-risk and low-risk groups using the median risk score as the cut-off. We
used Cox regression analysis to evaluate the contribution of AP-2α, CHI3L1, PBEF1, ErbB2, stage of the disease, distant metastasis,
lymph node status, estrogen receptor, progesterone receptor, tumour size, grade, histological type, menopausal status, age, AP-γ and
risk score as prognostic factors. Multivariate analysis was carried out for variables which showed correlation with survival using
univariate analysis. Kaplan-Meier method was used to estimate overall survival. Graph Pad Prism 5.0 software was used for KaplanMeier graph plotting and calculation of P-values. P-values less than 0.05 were considered significant.

III. RESULTS
Expression pattern of AP2, AP2-, PBEF1 and CHI3L1.
We detected levels of AP-2, AP2-, CHI3L1 and PBEF1 by immunohistochemistry (IHC). Breast cancer tissues showed
predominant nuclear and lower cytoplasmic staining for AP-2(Figure 1B)nuclear staining for AP2-(Figure 1D); cytoplasmic
staining for CHI3L1 (Figure 1F) and PBEF1 (Figure 1H). Whereas, adjacent normal breast cells showed epithelial nuclear and
myoepithelial nuclear staining for AP-2 (Figure 1A) and AP2-(Figure 1C)respectively; epithelial cytoplasmic staining for
CHI3L1 (Figure 1E) and PBEF1 (Figure 1G). For statistical analysis, the samples were divided into low or high expression groups
using median labeling index (LI) as cut off. LI was calculated based on number of cells positive and the intensity of staining and it
ranged from 0-12 for all the three genes. Out of 104 samples available, 46% (48/104) cases were found to show high expression (LI of
≥4 (median of LI) was considered as high expression) for AP-2α (nuclear) immuno staining; 56% (96/172) for CHI3L1 (LI of ≥4
(median of LI) was considered as high expression) and 46% (50/109) for PBEF1 (LI of ≥9 (median of LI) was considered as high
expression).

Correlation of different markers with overall survival by univariate Cox regression analysis.
The different markers were subjected to univariate Cox proportional hazard regression analysis. AP2-, CHI3L1, PBEF1,
ErbB2, Stage of the disease, distant metastasis, lymph node involvement, and tumor size correlated with patient survival (Table 2).
AP-2nuclear) was seen to be a good prognostic marker, while CHI3L1 and PBEF1 were found to be poor prognostic markers.
However, parameters like AP-2γ, estrogen receptor, progesterone receptor, grade, histological subtype, menopausal status and age of
the patient showed no significant correlation with patient survival.
AP-2, CHI3L1 and PBEF1 are independent predictors of overall survival
The markers which stood significant in univariate analysis were subjected to forward condition multivariate Cox proportional
hazard regression analysis. We found that AP2- (HR = 0.609; B = -0.495; p = 0.005), CHI3L1 (HR = 1.361; B = 0.308; p = 0.001),
PBEF1 (HR = 1.541; B = 0.433; p = 0.004), and confonding factor Stage (HR = 3.207; B = 1.165; p = 0.03) were independent
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predictors of survival in breast cancer patients (Table 3). However, ErbB2, distant metastasis and lymph node lost their significance in
multivariate analysis.
Stratification of patients based on expression of AP2-CHI3L1 and PBEF1:
With the results of univariate and multivariate analysis indicating the reliability of AP2-, CHI3L1, and PBEF1 to predict
survival, we attempted stratifying the patients into high or low risk groups based on the expression. Patients with tumors having high
expression level of AP-2nuclear positivity had better survival than patients expressing low levels (median survival: undefined versus
76 months; HR: 7.210; P <0.0001) (Figure 2A) suggesting that it is a good prognostic marker, whereas patients having low expression
levels of CHI3L1 and PBEF1 had better survival than patients expressing high levels (median survival: undefined versus 75 months;
HR: 5.442; P <0.0001 and median survival: undefined versus 53 months; HR: 4.929; P <0.0001 respectively) (Figure 2B and 2C
respectively) which indicates that these are poor prognostic markers.
Risk score based on AP2α, CHI3L1and PBEF1is an independent predictor of survival .
To combine the prognostic capabilities of the three genes (AP2-, CHI3L1 and PBEF1) of our interest, we calculated a risk
score that could predict patient survival (Table 4). Risk score is a linear combination of the expression levels of the significant
parameters weighted by their respective Cox regression coefficients. According to our analysis, patients having high risk scores are
expected to have poor survival outcomes as compared to patients having low risk scores. The risk score in the cohort ranged from 7.56 to 6.948, with the median value of 1.857. The risk score was evaluated for its influence on survival of the patients and was found
to significantly correlate with survival as a continuous variable (HR= 2.532; P = 2.912x10-8). To assess the contribution and
independency of risk score in predicting survival, multivariate analysis was carried out. ErbB2, stage, distant metastasis and nodal
involvement were used in multivariate to adjust the risk score for independency. Risk score was seen to highly correlate with survival
(HR = 2.587; p = 2.103x10-6) and was independent of ErbB2, stage, distant metastasis and nodal involvement (Table 4). Stage (HR =
2.260; p = 0.02) also appeared to be independent predictor of survival.
Stratification of patients based on risk score.
It is evident from the above results that risk score is much better than other parameters in predicting survival. Therefore, we
attempted to stratify the patients based on risk score to predict survival. The relative expression values of individual genes vary based
on the methodologies used, which in turn reflect on the risk score. The range of risk score of the present study cohort ranged from 7.56 to 6.948. The median value of the risk score for the present study cohort was calculated, which was noted to be 1.857. The
median cut off divided the patient set into two groups, low risk and high risk. The low risk group showed better survival compared to
the high risk group (median survival: undefined versus 42 months; HR: 11.30; P <0.0001) (Figure 3A).
Further, to identify patients with very high risk for better treatment, we divided the patient set into 3 groups. While the low risk group
remained the same (lesser than 50% i.e. median cut off), at 75% cut off the high risk group (from the previous stratification) was
further divided into intermediate and high risk groups. Low and intermediate risk group showed better survival compared to high risk
group (median survival: undefined versus 19 months respectively; P <0.0001) (Figure 3B). Also it was noted that most of the dead
patients belonged to the high and intermediate risk groups, while all those belonging to low risk group were alive at the end of follow
up (Figure 3C). Patients belonging to low risk group had low risk score and high risk group had high risk score (Figure 3D).
Nature of genes involved in risk score analysis.
Of the three genes that we took a closer look at, the nature of one gene was seen to be different from the other two genes.
When patients were ranked according to risk score, P-2 appears to behave protective while CHI3L1 and PBEF were found to be
risky with respect to their association between their expression and patient survival. The protective genes were expressed at a higher
level in the low risk group compared to the high risk group and the risky genes were expressed at a higher level in the high risk group
than in the low risk group (Table 5, Figure 3E).
IV. DISCUSSION
In this study, we analyzed the expression pattern of P AP-2γ, CHI3L1, PBEF1 and ErbB2 expression among Indian
sporadic breast cancer patients by immunohistochemistry and correlated the expression level of these markers with overall survival.
Labeling index of the three genes of our interest were used to calculate the risk score, which stood significant in univariate analysis.
These genes have been shown to correlate with survival (except AP-2γ). Hence, we combined the prognostic capabilityof P,
CHI3L1 and PBEF1 and generated a risk score which was independent when compared to other known predicting clinical parameters
like ErBb2, nodal involvement, stage of the disease and distant metastasis. Patients with high risk score had shorter survival compare
to patients with low risk score value. In multivariate analysis risk score was seen to highly correlate with patient survival and was
independent of ErbB2, stage, distant metastasis and nodal involvement. However ErbB2, nodal status and metastasis were also shown
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to be independent predictors of survival. The three prognostic markers used in this study included one gene (AP-2) that was
protective and two genes (CHI3L1, PBEF1) that were risky with respect to their level in the low risk group compared to the high risk
group. Our findings suggest that the protective and risky nature of these genes is suggestive of their function being either inhibitory or
promoting respectively of various properties of cancer cells like proliferation, migration and invasion.
In our study, though we have observed nuclear and cytoplasmic staining of P-2tumor cells, it was predominantly nuclear
staining. While our study is consistent with some (31-34), there are other studies that report only nuclear staining (35, 36). The
adjacent normal breast cells show epithelial nuclear cell staining which is consistent with the reported studies (35, 37). Of 104
patients, 46% showed high expression of P-2Patients expressing higher levels (n=48) of P-2had survived better than patients
expressing lower levels (n=56) (undefined vs 76 months; p = <0.0001).P-2 has shown to be significant in both univariate and
multivariate analysis in our findings, which is consistent with the reported literature (31). P-2 expression has been shown to be
associated with good prognosis in many breast cancer studies (31, 32, 34, 37). Our study shows that P-2nuclear) is a marker of
good prognosis in breast cancer patients.
Cytoplasmic staining was observed for CHI3L1. However, other studies have reported only cytoplasmic and not membranous
staining (38-40). We observed cytoplasmic epithelial cells staining in adjacent an normal cell which is consistent with Roslind et al.,
2007 (39) who has reported epithelial cytoplasmic staining. However, they have reported dot like staining pattern in the nuclear cells
which was not seen in our findings. Of 172 patients, 47% showed high expression of CHI3L1. Patients expressing lower levels (n=76)
of CHI3L1 had survived better than patients expressing higher levels (n=96) (undefined vs 75 months; p = <0.0001).CHI3L1has
shown to be significant in both univariate and multivariate analysis in our findings, which is consistent with the reported literature
(38). CHI3L1 expression has been shown to be associated with poor prognosis in many malignancies including breast cancer (20-22,
24, 25, 38, 39), while some studies have also reported that CHI3L1 is not a predictor of survival in breast cancer patients (40). Our
study shows that CHI3L1 is a marker of poor prognosis in breast cancer patients.
We have correlated the expression of PBEF1 with survival on a retrospective data of 109 breast cancer patients. Patients
expressing lower levels (n=59) of PBEF1 had survived better than patients expressing higher levels (n=50) (undefined vs 53 months; p
= <0.0001).We observed cytoplasmic staining pattern for PBEF1 in tumor cells, while adjacent normal cells show cytoplasmic
staining in the epithelial layer of the tissue. PBEF1 has shown to be significantly associated with survival in both univariate and
multivariate analysis in our findings. Prognostic significance of PBEF1 has not been reported previously for breast cancer and the
present study is first of its kind to show that high expression of PBEF1 is significantly associated with shorter survival among breast
cancer patients.
We found that these three genes (P, CHI3L1 and PBEF1) are independent prognostic indicators. Risk score was
calculated by combining the individual prognostic capabilities of these three genes. Risk score highly correlated with survival. It was
also shown to be an independent prognostic indicator and was a better indicator than other known prognostic markers. When patients
were ranked according to risk score, patients with high risk score fell in the high risk category and those with low risk score fell in the
low risk category. Hence, risk score can be used to categorize patients. AP-2 appears to behave like a protective gene This is well
documented and reported in literature. Gee et al, Friedrichs and Pellikainen et al. suggest that AP-2is involved in development,
apoptosis and cell cycle regulations. Altered expression of this protein is been associated with poor clinical outcome of breast cancer
patients. CHI3L1 and PBEF1 seem to be risky genes with respect to their level in the low risk group compared to the high risk group.
It has been shown that lectin binding is linked to tumor progression and K-ras activation in colorectal cancer. Hence, CHI3L1 maybe
playing a role in tumor invasion [20], which supports our data that it is a marker of poor prognosis. Overexpression of PBEF1 has
been correlated with poor response to doxorubicin-based primary chemotherapy in breast cancer [29]. Also, it has been shown to be a
poor prognostic indicator in GBM [29], which is in corroboration with our study. Therefore, this study supported by previous studies
suggests that AP-2α, CHI3L1 and PBEF1 could be involved in inhibiting or promoting various properties of cancer cells like
proliferation, migration and invasion that requires in-depth study. The effect of various drugs on the expression and effect of
downregulation/overexpression of these genes on breast tumor growth needs to be explored.
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Table 1. Patient characteristics
Characteristic
Total number of patients
AP-2α nuclear (n=104)
High expression
Low expression
AP-2α cytoplasmic (n=104)
High expression
Low expression
AP-2γ (n=72)
High expression
Low expression
CHIL31 (172)
High expression
Low expression
PBEF1 (109)
High expression

Number of patients (%)
174
48 (46 %)
56 (54 %)
49 (47%)
55 (53%)
33 (46%)
39 (54%)
96 (56%)
76 (42 %)
50 (46 %)
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Low expression
ErbB2 (174)
High expression
Low expression
Age (n=174)
</=45
>45
Tumor size (n=160)
T1
T2
T3
T4
Lymph node status (n=170)
Positive
Negative
Distant metastasis (n=169)
Positive
Negative
Stage (n=159)
1
2
3
4
Histological type (n=164)
Ductal
Lobular
Histological grade (n=158)
1
2
3
ER status (n=174)
Positive
Negative

8

59 (54 %)
83 (48%)
91 (52%)
93 (53%)
81 (47%)
13 (8%)
78 (49%)
32 (20%)
37 (23%)
109 (64%)
61 (36%)
14 (9%)
155 (91%)
6 (4%)
52 (33%)
87 (55%)
14 (8%)
157 (96%)
7 (4%)
2 (2%)
19 (12%)
137 (86%)
100 (57%)
74 (43%)

PR status (n=174)
Positive
96 (55%)
Negative
78 (45%)
Menopausal status (n=168)
Premenopausal
82 (48%)
Postmenopausal
86 (52%)
'n' indicates the number of patients for whom information was available

Table 2. Univariate Cox regression analysis
Variable

Regression
coefficient

Hazard ratio (95% CI)

P-Value
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AP-2α nuclear

-0.705

0. 494 (0.346-0.706)

0.0001

AP-2α cytoplasmic

0.146

1. 157 (1.027-1.303)

0.017

AP-2γ

-0.180

0.835 (0.417-1.673)

0.611

CHIL31

0.300

1. 350 (1.238-1.473)

2.443x10-11

PBEF1

0.279

1. 322 (1.143-1.529)

0.0001

ErbB2

1.302

3.677 (1.991-6.794)

3.206x10-5

Stagea

1.474

4.368 (2.659-7.714)

5.770x10-9

Distant metastasisb

1.850

6.360 (3.346-12.091)

1.656x10-8

Lymph node statusc

1.194

3.330 (1.563-7.095)

0.002

Estrogen receptor

-0.106

0.899 (0.520-1.555)

0.704

Progesterone receptor

-0.093

0.911 (0.528-1.572)

0.738

Tumor sized

0.493

1.637 (1.193-2.246)

0.002

Gradee

0.155

1.167 (0.545-2.501)

0.691

Histological typef

1.020

2.772 (0.383-20.086)

0.313

Menopausal status

-0.062

0.940 (0.540-1.637)

0.826

Age

-0.009

0.991 (0.967-1.016)

0.475

a, clinical stage of the disease based on AJCC, 2002; b, distant metastasis based on TNM classification of breast tumors by UICC,
2002; c, lymph node status classified based on UICC, 2002; d, tumor size, classified as T 1-4 based on TNM classification of breast
tumors by UICC, 2002; e, pathological grade of the tumor based on Elston and Ellis, 1991; f, histological type of tumor based on
WHO classification of tumors, 2003
Table 3. Multivariate Cox regression analysis
Variable

Regression
coefficient

Hazard ratio (95% CI)

P-Value

AP-2α nuclear

-0.495

0. 609 (0.430-0.863)

0.005

CHI3L1

0.308

1. 361 (1.139-1.627)

0.001

PBEF1

0.433

1.541 (1.144-2.076)

0.004

Stage

1.165

3.207 (1.122-9.165)

0.03

Table 4. Prognostic value of risk score – Univariate and multivariate analysis
Variable

Hazard ratio (95% CI)

P-Value

2.532 (1.823-3.516)

2.912x10-8

I-Univariate analysis
Risk score
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II-Multivariate analysis
Risk score

2.587 (1.747-3.832)

2.103x10-6

Stage

2.260 (1.125-4.541)

0.02

Table 5. Expression of AP-2α, CHI3L1 and PBEF1 in high and low risk group
Gene

Low risk

High risk

Median

Mean ± SD

Median

Mean ± SD

AP-2α

8.000

8.764 ± 2.177

1.000

1.188 ± 1.330

CHI3L1

2.000

2.052 ± 1.305

9.000

9.520 ±2.466

PBEF1

4.000

3.934 ± 2.901

12.000

11.380 ± 1.223

Figure 1: Immunohistochemical staining patterns for AP-2, AP-2, CHI3L1 and PBEF1
The arrows indicate the region of staining. An example of (A) AP-2 normal tissue showing epithelial nuclear positive staining, (B)
AP-2tumor tissue showing strong cytoplasmic (upper arrow) and nuclear staining (lower arrow), (C) AP-2γ normal tissue showing
myoepithelial nuclear positive staining, (D) AP-2γ tumor tissue showing strong nuclear staining, (E) CHI3L1 normal tissue showing
epithelial cytoplasmic positive staining, (F) CHI3L1 tumor tissue showing strong cytoplasmic staining, (G) PBEF1 normal tissue
showing epithelial cytoplasmic positive staining and (H) PBEF1 tumor tissue showing strong cytoplasmic staining.
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Figure 2: Expression of AP-2, CHI3L1 and PBEF1 and breast cancer patient survival
Kaplan Meier graphs for A. AP-2 (Nucleus), B. CHI3L1 and C. PBEF1. In all cases, low risk group had better survival than high
risk group.
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Figure 3: Kaplan-Meier survival estimates of breast cancer patients according to risk score
A. Kaplan Meier graph for risk score analysis showing low and high risk group classification,
B. Kaplan Meier graph for risk score analysis showing low, intermediate and high risk groups,
C. Distribution of patients according to their survival, risk score and censoring status. Red dots indicate patients who have died and
blue dots indicate patients who were alive. All dead patients belonged to the high risk group. The dashed line divides the patients into
2 groups- low and high risk. Patients who lie before the dashed line are low risk and after the dotted line are high risk patients of
second stratification The patients that lie between the dashed and the dotted line are those who belong to the intermediate risk group of
the second stratification,
D. Distribution of patients in the low and high risk groups according to their risk score. The dashed line divides the patients into 2
groups- low and high risk. The patients that lie between the dashed and the dotted line are those who belong to the intermediate risk
group.
E. Heat map showing expression pattern of AP-2 (Nucleus), CHI3L1 and PBEF1. The blue line divides the patients into 2 groupslow and high risk. Patients who lie before the blue line are low risk and after the pink line are high risk patients of second stratification
The patients that lie between the blue and pink line are those who belong to the intermediate risk group of the second stratification.
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