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Abstract

Objectives: The aim of this study was to compare the clinicopathological characteristics and the expression of
tumor biomarkers among luminal breast cancer (LBC), HER2-enriched breast cancer (HEBC), and triple negative
breast cancer (TNBC) in Chinese women.

Methods: According to the result of IHC staining detection, 683 breast cancer patients undergoing surgery from
January 2009 to December 2010 were classified into three subtypes: LBC (ER+ and/or PR+, HER2-), HEBC (ER-,
PR-, HER2+) and TNBC (ER-, PR-, HER2-).

Results: Significant difference in tumor grade, tumor size and TNM stage was observed both in HEBC
(P<0.0001, P=0.001 and P<0.0001, respectively) and TNBC (P<0.0001, P<0.0001 and P=0.009, respectively) when
compared with LBC. The rate of lymph node metastasis in LBC was 14.4% and 18.1% lower respectively than that
in HEBC (P=0.001) and TNBC (P=0.001). The Ki-67 expression in LBC was 17.1% and 13.9% lower respectively
than that in HEBC (P<0.001) and TNBC (P=0.016). Furthermore, the tumor grade Il/lll in TNBC was significantly
higher than that in HEBC (P<0.001), and the expression of p53 and EGFR in TNBC was 15.0% and 29.9% higher
than that in HEBC (P=0.002, P=0.011). Additionally, the higher tumor grade was a risk factor for the expression of
p53 and EGFR in TNBC.

Conclusions: The distinct intrinsic BC subtypes exhibited the heterogeneity in clinicopathological characteristics
and biomarkers expression. The individualized therapy of breast cancer should be more emphasized on the strategy
of treatment.
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Introduction

Breast cancer (BC) is the most frequently diagnosed cancer and
becomes the leading cause of cancer death in female worldwide [1]. In
China, the crude incidence rate and mortality rate of female breast
cancer during 2003-2007 were 41.64 and 9.63 per 100,000 respectively,
which were ranked as the top and sixth respectively among female
cancers [2] leading to a serious threat to women's physical and mental
health. Currently, single factor assessment is difficult to make the most
suitable strategy for BC treatment and prognosis, since BC is involved
with numerous factors, such as genes and proteins. However, the
classification of BC intrinsic subtype based on some biomarkers was
suggested as a common method to provide prognostic and predictive
information for specific therapies [3] which classified BC into luminal
breast cancer (LBC), HER2-enriched breast cancer (HEBC) and triple
negative breast cancer (TNBC).

Different intrinsic subtypes of BC had distinct biological behaviour,
prognosis, survival rate and risk of death [3-5]. What’s more, both of
the HEBC and TNBC subtype had poor prognosis and survival
outcome compared to LBC [3,6,7].To our best knowledge, most of the
previous studies mainly focused on comparing the different
clinicopathological characteristics between the subtypes of LBC with
HEBC or TNBC. However, the difference between subtypes of TNBC
and HEBC was still poorly understood.

The TNBC and HEBC subtype accounted for 12.18%~26.0% [8-11]
and 17.4%~30.0% [7,8,12] of Chinese BC patients respectively, so this
study would provide useful information for the individual therapy for
both of the TNBC and HEBC through analyzing the difference of their
clinicopathological characteristics.

Materials and Methods

Patients and clinicopathological parameters criteria

We retrospectively collected clinical data of breast cancer (BC)
patients at the 2nd affiliated hospital, Norman Bethune Medical
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Science of Jilin University from January 2009 to December 2010.
Among the 698 female BC patients, 15 were excluded from analysis for
part important baseline information missing (n=12) and cancer tissues
not available (n=3). As a result, 683 BC patients were finally enrolled

The TNM stage was determined based on the American Joint
Committee on Cancer (AJCC) criteria and the histological grade was
assessed according to the modified Bloom-Richardson classification.
The pathological types were assessed in accordance with the criterion
of the world health organization (WHO) breast cancer pathology.
Lymph node metastasis was defined as any metastasis in local region
of ipsilateral axillary, supraclavicular, or internal mammary lymph
nodes, or distant region of other contralateral axillary lymph nodes as
well as supraclavicular lymph nodes.

Immunohistochemical staining and judgments of results

Immunohistochemical staining was performed using the
streptavidin biotin method (SP method) [4]. Tumors with 1% or more
positively nuclear-stained cells were considered positive for estrogen
receptor (ER) and progesterone receptor (PR) expression [13] human
epidermal growth factor receptor-2 (HER2) staining was scored by
counting the number of cells positively stained on the membrane and
expressed as a percentage of total tumor cells: 0, no staining; 1+, weak
incomplete membranous staining in any proportion of tumor cells; 2+,
complete membranous staining, either non-uniform or weak in at least
10% of tumor cells; and 3+, uniform intense membranous staining in
>25% of tumor cells. HER2 results were considered positive in cases
with 3+ membranous staining. EGFR and Bcl-2 stains were considered
positive if any (weak or strong) cytoplasmic and/or membranous
invasive carcinoma cell staining was observed. The diagnosis was
made by two pathologists who specialized in breast pathology through
assessed each archival hematoxylin and eosin (H&E) stained slides.

Definition/Classification of intrinsic subtypes

Based on THC finding of ER, PR and HER?2 expression, the patients
were divided into three subtypes with reference to the reporting by
Cheang et al. [13] luminal breast cancer (ER+ and/or PR+, HER2-),
HER2-enriched breast cancer (ER-, PR- and HER2+), and triple-
negative subtype(ER-, PR- and HER2-).

Statistical Analysis

An independent t-test was used for the comparison of age between
subtypes. The differences of clinicopathological characteristics in
histological type, lymph node metastasis and the expression of
biomarkers between the BC subtypes were evaluated by chi-square
test. Fisher’s exact test was used when appropriate.

The differences of the clinicopathological characteristics in tumor
grade, ranked tumor size and TNM stage were evaluated by the rank
sum test. An unconditional logistic regression was used to assess the
association of some clinicopathological characteristics and the
biomarkers expression in TNBC and HEBC, in which age was adjusted
as a confounding factor. All statistical tests were two-sided, and P-
values less than 0.05 were considered statistically significant. The
statistical software SPSS version 19.0 (IBM Corp., Armonk, USA) was
used for all statistical analyses.

Results

General information and clinicopathological characteristics
of the patients

A total of 683 female breast cancer cases were enrolled, with a mean
age of 51.6 + 10.8 years (range: 23-96 years). According to the TNM
classification developed by American Joint Committee on Cancer
(AJCC), the majority of patients were diagnosed with stage II breast
cancer (n=319; 46.7%), nearly a quarter was with stage I (n=167;
24.5%), and the rest was with stage III (n=197, 28.8%).

Tumor size was available for 642 (93.4%) samples, in which 293
(45.6%) samples were less than 2 cm, 318 (49.5%) were within 2-5 cm,
and 31 (4.9%) were more than 5 cm. The pathology assessment
indicated that 388 cases (56.8%) had involved in lymph node
metastasis. Among the patients, 338 (53.9%) were in tumor grade II,
179 (28.5%) in grade I and 111 (17.6%) cases in grade III. Most of the
tumors were invasive ductal carcinoma (82.1%).

More than half of the samples were positive for ER (n=485, 71%) or
PR (n=360, 52.7%), however, the HER2/neu positive samples were
only about a quarter (n=188, 27.6%). In this study, the highest
frequency of intrinsic subtype defined by the expression of ER, PR and
HER2/neu was luminal (n=408, 59.2%), followed by HER2-enriched
(n=182, 27.2%), and triple negative (n=93, 13.6%). About 52.9%
(n=361) samples were positive for Ki-67 and 34.1% (n=233) for p53
expression. For EGFR and Bcl-2, the expression rate were 30.6%
(n=165) and 56.0% (n=302) respectively.

Comparisons of clinicopathological characteristics among
the intrinsic subtypes

We used the pairwise comparison to compare the difference in
clinicopathological characteristics among the BC intrinsic subtypes.
The results showed that LBC cases exhibited a significant difference in
tumor grade when comparing with HEBC cases (P<0.001) and TNBC
cases (P<0.001) respectively.

The proportion of tumor size within 2-5 cm were higher in HEBC
(58.3%, P=0.001) and TNBC (65.9%, P<0.001) than that in LBC. For
the TNM stage, most LBC cases were at stage I (43.1%), which was
different from the HEBC cases (57.0% cases at stage II, P<0.001) and
TNBC cases (53.8% at stage II, P=0.009). Moreover, the rate of lymph
node metastasis in LBC cases was 14.4% (P=0.001) and 18.1% lower
(P=0.001) than that in HEBC cases and TNBC cases respectively.

Notably, we observed that the proportion of tumor with grade II/III
in TNBC subtype was significantly higher than that in HEBC (tumor
grade II 42.4% vs. 35.8, tumor grade III 54.3% vs. 27.9%; P<0.001),
which indicated that the different clinicopathological characteristics
was existed even between the subtypes both with poor prognosis. No
significant difference was found in other clinicopathological
characteristics between the subtypes of TNBC and HEBC in this study.

Comparisons of the expression of biomarkers among the
intrinsic subtypes

In this study, the positive expression of Ki-67 in LBC was 17.1% and
13.9% lower than in HEBC (P<0.0001) and TNBC (P=0.015),
respectively; whereas, the expression of Bcl-2 in LBC subtype was
49.7% (P<0.0001) and 45.9% (P<0.0001) higher than that in HEBC
and TNBC, respectively (Table 1).
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Clinicopathological LBC vs. HEBC LBC vs. TNBC HEBC vs. TNBC
charact?eristicsg LBC HEBC TNBC
P2 P> OR (95%Cl) | P2 Pb OR (95%Cl) | P2 PP OR (95%Cl)
51.3 +| 521 +| 529 £
Age (yearM £ S) 107 17 95 0.327 0.135 0.544
Tumor grade
<0.000 0.676(0.492 | <0.000 | <0.000 | 8.414(5.178 | <0.000 | <0.000 | 5.695(.
! 111(28.0) | 65(36.3) | 3(3.3) | 4 0.016 | 5 928) 1 1 -13.686) 1 1 529.9.191)
I 246(62.0) | 64(35.8) | 39(42.4)
n 40(10.1) | 50(27.9) | 50(54.3)
NA 7 1
Tumor size, cm
1.493(1.097 | <0.000 | <0.000 | 2.139(1.457 1.594(0.994
<2 201(53.5) | 67(38.3) | 25(27.5) | 0.0001 | 0.011 2.032) ) ) 3.141) 0.14 0.053 2558)
02-May 156(41.5) | 102(58.3) | 60(65.9)
>5 19(5.1) | 6(3.4) 6(6.6)
NA 11 2
Histological type
0.840(0.531 0.673(0.356 0.804(0.398
Ductal 326(80.7) | 155(83.3) | 80(86.0) | 0.443 0.457 -1.329) 0.231 0.224 1.273) 0.561 0.545 -1.626)
Others 78(19.3) | 31(16.7) | 13(14.0)
TNM stage
<0.000 0.446(0.264 0.487(0.251 0.954(0.654
I 174(43.1) | 43(23.1) | 24(15.8) | 0.002 0.752) 0.009 | 0.034 -0.941) 0.856 | 0.808 1.393)
I 163(40.3) | 106(57.0) | 50(53.8)
nnv 67(16.6) | 37(19.9) | 19(20.4)
Lymph node metastasis
<0.000 | 0.555(0.390 0.478(0.303 1.165(0.705
Yes 148(36.7) | 95(51.1) | 51(54.8) | 0.001 | -0.790) 0.001 | 0.002 -0.754) 0.553 | 0.551 1.923)
No 255(63.3) | 91(48.9) | 42(45.2)

Table 1: Comparison of clinicopathological characteristics among HEBC, TNBC and LBC. LBC: luminal breast cancer; HEBC: HER2-enriched
breast cancer; TNBC: triple negative breast cancer; P2 from univariate analysis; P’: from unconditional Logistic regression adjusted for age; CI:

confidence interval; OR: odds ratio; NA: not available

By further comparing the expression of biomarkers between TNBC
and HEBC, we found the positive expression of p53 and EGFR in
TNBC was 15.0% (P=0.015) and 29.9% (P=0.016) higher than that in
HEBC subtype (Table 2). Since less study was concerned about the
different expression of biomarker between TNBC and HEBC, and also
its associated factors, so we further investigated the factors associated
with this difference.

Through the univariate analysis of the association between the
clinicopathological characteristics and biomarkers expression, the

results demonstrated that only the tumor grade was associated with
the p53 (P<0.0001) and EGFR positive expression (P=0.036). The
expression of P53 and EGFR was not correlated with tumor size
(P=0.144, P=0.796), TNM stage (P=0.822, P=0.818) and lymph node
metastasis (P=0.143, P=0.674). After adjusting for age, the higher
tumor grade was still a risk factor for the p53 (P<0.0001, OR=2.187,
95% CI=1.237-3.868) and EGFR positive expression (P=0.007,
OR=0.879, 95% CI=0.470-1.642) (Table 3).
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Tumor LBC vs. HEBC LBC vs. TNBC HEBC vs. TNBC
bi LBC HEBC TNBC
iomarkers
P2 ‘Pb ‘OR(QS%CI) P2 ‘Pb ‘OR(BS%CI) P2 Po ‘OR(QS%CI)
Ki-67 status
2.019(1.412-2. 1.760(1.112-2. 0.897(0.536-1.
+ 187(46.3) | 118(63.4) | 56(60.2) | <0.0001 | <0.001 886) 0.015 0.016 786) 0.6 0.679 500)
- 217(53.7) | 68(36.6) | 37(39.8)
p%3 status
3.155(2.192-4. 1.347(0.826-2. 0.438(0.260-0.
+ 105(26.0) | 98(52.7) 63(67.7) | <0.0001 | <0.001 541) 0.22 0.233 197) 0.001 | 0.002 740)
- 209(74.0) | 88(47.3) | 30(32.3)
EGFR status
0.960(0.559-1. 2.047(1.274-3. 2.339(1.215-4.
+ 103(28.1) | 22(26.8) 53(56.7) | 0.821 0.883 649) 0.003 0.003 289) 0.016 | 0.011 503)
- 264(71.9) | 60(73.2) | 40(43.3)
Bcl-2 status
+ 263(71.7) | 18(22.0) | 24(25.8) | <0.0001 | <0.001 0.112(0.063-0- | _4 901 | <0.0001 | 9:1200-070-0-1 559 | g g39 | 1-029(0.500-2.
199) 206) 117)
- 104(28.3) | 64(78.0) | 69(74.2)

Table 2: Comparison of the expression of biomarkers among HEBC, TNBC and LBC. LBC: luminal breast cancer; HEBC: HER2-enriched breast
cancer; TNBC: triple negative breast cancer; EGFR: epidermal growth factor receptor; Bcl-2: B-cell lymphoma-2; 7 from univariate analysis; P
from unconditional Logistic regression adjusted for age; CI: confidence interval; OR: odds ratio

53 0, 0,

Clinicopathological p P2 P° OR (95%Cl) EGFR P2 P° OR (95%Cl)
characteristics

+ - + -
Tumor grade
| 23(17.6) 45(45.5) <0.0001 <0.0001 :2343)08(1'598'3'3 1(1.5) 7(6.7) 0.036 0.007 gg)87(1'237'3'8
1l 57(43.5) 35(35.4) 30(46.2) 62(59.0)
1l 51(38.9) 19(19.2) 34(52.3) 36(34.3)
Tumor size
<2cm 45(35.4) 37(39.4) 0.144 0.238 ;'53)44(0'823'2'1 26(41.3) 44(43.6) 0.796 0.961 ;'20)14(0'580'1 7
2-5¢cm 74(58.3) 56(59.6) 35(55.6) 52(51.5)
>5cm 8(6.3) 1(1.1) 2(3.2) 5(5.0)
TNM stage
| 35(26.7) 24(24.2) 0.822 0.927 249)82(0'663'1 4 16(24.6) 31(29.5) 0.639 0.818 ;160)54(0'670'1 6
1l 70(53.4) 57(57.6) 37(56.9) 52(49.5)
1l 26(19.8) 18(18.2) 12(18.5) 22(21.0)

Lymph node metastasis
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Yes 64(48.9) 58(58.6) | 0.143 0.14 256)72(0'396'1'1 35(53.8) | 45(42.9) | 0674 | 0.686 2'28)79(0'470'1'6
No 67(51.1) 41(41.4) 30(46.2) | 60(57.1)

Table 3: The association between tumor grade and biomarkers expression in HEBC and TNBC. HEBC: HER2-enriched breast cancer; TNBC:
triple negative breast cancer; EGFR: epidermal growth factor receptor P from univariate analysis. °: from unconditional Logistic regression

adjusted for age. CI: confidence interval; OR: odds ratio

Discussion

In this study, we found that both of HEBC and TNBC subtypes
showed more aggressive clinicopathological characteristics than that of
LBC subtype, moreover, a difference in the clinicopathological
characteristics between the subtypes of HEBC and TNBC was
observed, indicating that difference treatment strategy was needed for
the distinct subtype of BC, even between the two subtypes of HEBC
and TNBC both with poor prognosis.

This study showed that the TNBC and HEBC subtypes had larger
tumor size, more advanced tumor grade and TNM stage. The higher
positive rate in lymph node metastasis was also observed when
compared with LBC subtype, which was consistent with previous
studies [14-16]. Therefore the HEBC and TNBC were more malignant
and aggressive compared with LBC. We found that the expression of
Ki-67 in HEBC and TNBC cases were significantly higher than that in
LBC cases, which was consistent with the results from a meta-analysis
[6]. We also demonstrated that the expression rate of p53 in HEBC
and TNBC was higher than that in LBC. The positive rate of EGFR
expression in TNBC was the highest (56.7%) among three subtypes,
which was similar with the previous report that 50-70% of TNBC cases
expressed EGFR [17]. The Ki-67 is a nuclear antigen related to cell
proliferation and also used as an IHC index for cell proliferative
activity detection; [18] meanwhile, the p53 was reported to induce cell
transformation and cancerization; [19] EGFR is a member of the
tyrosine kinase receptor family and related to cell growth, proliferation
and differentiation [17]. Thus, the higher expression of Ki-67, p53 and
EGEFR in subtypes of HEBC and TNBC might account for their more
aggressive clinicopathological characteristics. Thus, our study
indicated that the biomarkers related to cell proliferation and
transformation may be served as the potential therapeutic targets for
HEBC and TNBC patients. In this study, as high as 71.7% LBC
expressed Bcl-2, which was consistent with the finding from Olivera et
al., whereas the expression of this biomarker was only 22% and 26%
respectively in HEBC and TNBC [20]. The Bcl-2 overexpression was
associated with a favorable outcome [21] and the reduction in
expression of Bcl-2 protein was associated with progression and
aggressive form of disease [22]. Our data also confirm the finding that
the expression of Bcl-2 was associated with less aggressive BC subtype.

In the present study, a higher tumor grade in TNBC subtype was
observed compared with HEBC subtype, which was consistent with
the some previous studies [23-25]. The high tumor grade indicated the
lower differentiation degree of tumor cell, implying the tumor having
more aggressive in the tumor progression and unfavourable outcome
in the prognosis. Our results demonstrated that the tumor grade is a
risk factor for p53 and EGFR expression in TNBC and HEBC, which
may partly explain why p53 and EGFR is higher expressed in the
TNBC than HEBC.

The limitation of this study was the relatively small sample size of
TNBC cases, resulting in the inadequate representation of TNBC
breast cancer patients. Despite the limitation, our findings are still of
importance for breast cancer patients to perform individualized
therapy. Considering the different expression of biomarkers like p53
and EGFR, which closely related to tumor cell proliferation, we believe
the finding could contribute to a better understanding of tumor
biology for those two breast cancer subtypes both with poor prognosis.

In conclusion, this study demonstrated the intrinsic BC subtypes
exhibited the heterogeneity in clinicopathological characteristics and
the biomarker expression. Therefore, the individualized strategy of
therapy for different subtype of breast cancer should be more
emphasized, even between HEBC and TNBC subtype
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