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Chemokine receptor 4 (CXCR4) and y-catenin are known to play an important role
in development of metastasis in breast cancer. However, there is not enough infor-
mation about these biological markers’ distribution in different breast cancer sub-
types, or their relationship to lymph node metastases in each subtype.

In this study, staining characteristics of CXCR4 and y-catenin were analyzed in each
breast cancer subtype and their relationship to lymph node involvement explored.
There was a statistically significant relationship between CXCR4 and certain tumor
subtypes (p < 0.05). Basal-like and HER2 enriched tumors showed strong CXCR4
positivity (45.7%). Furthermore, a significant correlation was discovered between
CXCR4 positivity and lymph node involvement (p < 0.05). Among tumor subtypes
staining positively with CXCR4, 80% of basal-like, 90% of HER?2 enriched, and 78.5%
of luminal A showed axillary lymph node involvement. In general, there was a pos-
itive relationship between histological grade and CXCR4 expression (p = 0.004).
A statistically significant correlation existed between HER2 positivity and y-catenin
expression (p < 0.05).

Basal-like and HER2 enriched breast cancer subtypes express CXCR4 staining more
often than the other subtypes. Additionally, there is also a positive relationship be-
tween lymph node involvement and CXCR4 staining of these subtypes.
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Introduction

Breast cancer is a heterogeneous malignancy that
manifests diverse behavior with respect to its progno-
sis and response to treatment { 1]. These differences stem
from their genotypic composition {2, 3}. DNA mi-
croarray technology helps in identifying these differ-
ences, and hence predicting their prognosis and tailoring
different treatment approaches {4}. Breast cancer pa-
tients have been classified into subtypes on the basis
of gene expression analyses {5]. Some of these genotypic

features are also identified by immunohistochemical
(IHC) staining methods that are widely available and
in use on a routine basis. Lately, the disorder has been
reclassified on the basis of these molecular features {1}.
These features are ER and/or PR status, HER2 ex-
pression, CK 5/6 and Ki-67. These features that help
us to identify different subtypes are relatively well known
to us with respect to their prognostic and therapeutic
implications {6}. Nonetheless, we are still in search of
other molecular markers within the primary tumor that
may help us further in identifying its clinical behavior.
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In this study, we assessed the role of CXCR4 and
y-catenin in different breast cancer subtypes and
more specifically their relationship with other routinely
employed immunohistochemical markers and metasta-
tic involvement of the axillary lymph nodes.

Chemokine receptor 4 (CXCR4) is a G protein cou-
pled transmembrane and cytoplasmic receptor, encoding
352 amino acids, and upon activation is responsible for
various inflammatory reactions and adhesion to ex-
tracellular matrix molecules {7, 8}. CXCRA4 is expressed
constitutively in a large array of tissues such as heart,
lung, liver, and spleen [9-12}. Its ligand is stromal cell-
derived factor-1a (SDF-1a) {8, 13}. When coupled they
play an important role in progression and metastasis
of tumors, including breast cancer. The over expres-
sion of CXCR4 in breast cancer is responsible for hom-
ing of malignant cells to specific organs and specifically
to lymph nodes {14]. Yasuoka e #/. discovered that cy-
toplasmic expression of CXCR4 has correlated with
lymph node involvement {15}. Thus far, it is unclear
where the receptor stands with respect to breast can-
cer subtypes.

y-catenin is also known as junction plakoglobin {16}.
It is a member of the E-cadherin-catenin family. It is
an important component of the submembrane of ad-
herens junctions and desmosomes responsible for cell
to cell junction [17]. Low expression of y-catenin leads
to increased motility of the malignant cells. Conversely,
high expression of y-catenin leads to decreased motil-
ity of the malignant cells and their metastatic poten-
tial {18]. Likewise, there is no clear information with
respect to where y-catenin stands in relation to breast
cancer subtypes.

We consecutively investigated the archival tissues
of 93 breast cancer patients who had been operated on
and performed complete IHC evaluation with respect
to the prognostic and therapeutic implications. Fur-
thermore, we searched the IHC staining features of
CXCR4 and y-catenin in the primary tumor of differ-
ent breast cancer subtypes, their complex interrela-
tionship with established markers, and their implica-
tions with respect to regional lymph node involvement.

Material and methods

Study population and IHC staining

We evaluated a total of 93 operable breast cancer pa-
tients diagnosed between 2008 and 2011. Each patient
underwent mastectomy/lumpectomy followed by sen-
tinel lymph node biopsy; axillary lymph node dissec-
tion was performed upon discovery of nodal metasta-
tic disease. We have kept records of patient age, primary
tumor size, and status of lymph node involvement on
all the patients. Tumor tissue was evaluated with re-
spect to lymphovascular invasion and histological
grade in accordance with modified Bloom-Richardson
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criteria. Paraffin-embedded blocks from each patient
were processed accordingly and stained with hematoxylin
eosin for histological evaluation.

All of the IHC staining was performed with a Dako
Autostainer 48 Link (Dako, Denmark) for ER (Dako,
ready to use) PR (Dako, ready to use), HER2/neu
(Dako, dilution 1/400), Ki-67 (Dako, ready to use), as
part of the routine evaluation. HER2 was scored on
a0 to 3+ scale using standard criteria. HER2 was con-
sidered negative when the score was 0 or 1+, positive
when 3+. In patients with HER2 of 2+, FISH
analysis was performed to confirm gene amplification
for HER2. Furthermore, as part of our investigation
we evaluated the staining patterns of CXCR4 (Spring
Bioscience, dilution 1/50) and y-catenin (Novocastra,
dilution 1/50) in the primary breast cancer tissue of each
patient. CK5/6 (Dako, ready to use) staining was per-
formed for triple negative patients.

Patients were classified according to molecular
subtypes delineated on the basis of the IHC staining
characteristics of the neoplastic tissue. These subtypes
were classified according to their staining characteris-
tics for ER, PR, HER2/neu, CK 5/6, and Ki-67. Lu-
minal A is: ER and/or PR (positive), HER2 (negative),
Ki-67<14%. Luminal B is: ER and/or PR (positive),
HER2/neu (negative), Ki-67 > 14% {19}. Luminal
HER?2 is: ER and/or PR (positive), HER2 (positive).
HER?2 enriched is: ER and PR (negative), HER2 (pos-
itive). Basal-like is: ER and PR(negative), HER2
(negative), CK5/6 (positive). TNP-nonbasal is: ER and
PR (negative), HER2 (negative), CK5/6 (negative). For
ease of understanding, basal-like and TNP-nonbasal
are both considered within the triple negative category;
however, they were analyzed as separate subtypes due
to their differences described in this study.

CXCR4 and y-catenin were assessed with respect to
their IHC staining properties in both cell membrane and
cytoplasm. They were considered positive if there was
positive staining in either membrane or cytoplasm {20,
21}. Staining with either CXCR4 or y-catenin was scored
according to the percentage of cells that stained posi-
tively. Thus, the following designations were made:
0 = no cells, 1+ = 1-25% of cells (weakly positive)
(Fig. 1), 2+ = 26-75% of cells (Fig. 2) and 3+ =
> 75% of cells (both strongly positive) (Figs. 3, 4).

Statistical analysis

The statistical analysis pertaining to data in this study
was performed using the SPSS for Windows version
15.0 software package. The relationship between the
staining characteristics of each antibody was compared
with the clinical and pathologic variables using the Pear-
son 2 test. The Kruskal-Wallis test was used to com-
pare between the Ki-67 value and clinicopathological
findings. The correlation between lymph node in-
volvement and lymphovascular invasion, CXCR4,
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Fig. 1. y-catenin staining 1+ positive (40 X)

Fig. 3. y-catenin staining 3+ positive (100 X)

y-catenin, and HER2 was assessed by logistic regres-
sion analysis.

Results

We analyzed 93 patients between the ages 31 and
99. Their mean age was 54.39. Of all the patients, 8.6%
were below age 40, 48.4% between ages 40 and 54,
and 43% above age 54. The size of the primary tumor
was determined according to TNM staging criteria. The
largest diameter of the tumor varied between 0.6 cm
and 11 cm. Thus 22 patients had a tumor that meas-
ured < 2 c¢m, 61 patients had a tumor sized 2-5 cm,
and 11 patients had a tumor > 5 cm.

Breast cancer subtypes classified according to their
molecular features showed the following distribution.
Out of 93 patients 39 (41.9%) were Luminal A,
9 (9.7%) were Luminal B, 15 (16.1%) were Luminal
HER2, 15 (16.1%) were HER2 enriched, 8 (8.6%) were
basal-like, and 7 (7.5%) were TNP-nonbasal.

When patients were categorized according to axil-
lary lymph node involvement, 43 patients (46.2%) did
not have any lymph node involvement, 30 patients

Fig. 2. CXCR4 staining 2+ positive (100 X)

Fig. 4. CXCR4 staining 3+ positive (100 X)

(32.3%) had 1-3 lymph nodes, and 20 patients
(21.5%) had 4 and more lymph nodes involved with
metastasis. The distribution of axillary lymph node in-
volvement according to breast cancer subtypes is dis-
played in Table I. In general, there was not a statisti-
cally significant relationship between breast cancer
subtypes and lymph node metastasis (p > 0.05).
Among triple negative patients, 72.5% of basal-like
patients had lymph node involvement, whereas only
14.3% of TNP-nonbasal patients had lymph node in-
volvement. However, because there were not enough
patients in each subtype, the differences were not sta-
tistically significant.

A statistically significant correlation existed between
CXCR4 expression and breast cancer subtypes (p < 0.05).
In 75% of basal-like tumors there was positive staining
(2+ and 3+) with CXCR4. Conversely, 71.4% of TNP-
nonbasal type tumors showed no staining with CXCRA4.
In HER?2 enriched subtype, 66.7% showed positive stain-
ing (2+ and 3+). In Luminal A, Luminal B, and Luminal
HER2 subtypes, most did not stain at all (0), some showed
weak (1+), and very few stained positively (2+ and 3+)
(Table II).
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Table I. Distribution of axillary lymph node involvement according to breast cancer subtypes

BREAST CANCER NO AXILLARY LYMPH 1-3 POSITIVE AXILLARY LYMPH > 4 AXILLARY LYMPH P-VALUE
MOLECULAR NODE INVOLVEMENT NODE INVOLVEMENT NODE INVOLVEMENT
SUBTYPES N % N % N %
Luminal A 21 53.8 13 33.3 5 12.8
Luminal B 5 55.6 1 11.1 3 33.3
Luminal HER2 4 26.7 5 33.3 6 40.0 > 0.05
HER?2 enriched 4 26.7 6 40.0 5 333
Basal-like 3 37.5 4 50.0 1 12.5
TNP-nonbasal 6 85.7 1 14.3 0 0
n — number of patients
Table II. Relationship of breast cancer subtype with CXCR4 staining pattern
BREAST CANCER CXCR4 P-value
MOLECULAR 0 1+ 2+ 3+
SUBTYPES n % n % n % n %
Luminal A 18 46.2 7 17.9 6 15.4 8 20.0
Luminal B 6 66.7 2 22.2 0 0 1 11.1
Luminal HER2 8 53.3 4 26.7 0 0 3 20.0 < 0.05
HER?2 enriched 2 13.3 3 20.0 7 46.7 3 20.0
Basal-like 2 25.0 0 0 4 50.0 2 25.0
TNP-nonbasal 5 71.4 1 14.3 0 0 1 14.3
n — number of patients; O — no cells stained; 1+ — 1-25% of cells stained; 2+ — 26-75% of cells stained; 3+ — >75% of cells stained
Table III. Relationship of lymph node metastasis with CXCR4 staining pattern
AXILLARY LYMPH CXCR4 P-value
NODE METASTASIS 0 1+ 2+ 3+
n % n % n % n %
0 30 69.8 6 14.0 S 11.6 2 4.7
26.7 5 16.7 6 20.0 11 36.7 < 0.05
2 3 15.0 6 30.0 6 30.0 S 25.0

n — number of patients; O — no cells stained; 1+ — 1-25% of cells stained; 2+ — 26-75% of cells stained; 3+ — >75% of cells stained

There was a statistically significant relationship be-
tween staining characteristics of the primary tumor with
CXCR4 and lymph node involvement (Table III, 2
p < 0.05). In 69.8% of patients without axillary nodal
metastatic disease, there was no identifiable CXCR4
staining; strongly positive (2+ and 3 +) staining was
identified only in 16.3%. In patients who had axillary
metastatic disease, 56% showed strongly positive
(2+ and 3+), 22.0% showed weak (1+), and 22%
showed no staining characteristics.

When the relationship between CXCR4 (2+ and
3+) staining of the primary tumor subtype and axil-
lary lymph node metastasis was analyzed, basal-like tu-
mors had 80% (4 out of 6 patients), HER2 enriched

256

had 90% (9 out of 10 patients), Luminal A had 78.5%
(11 out of 14 patients) axillary lymph node metasta-
sis. Conversely, only one patient in TNP-nonbasal sub-
type had (2+ and 3+) positivity and that patient did
not show lymph node metastasis (Table II).

Logistic regression analysis was performed to com-
pare the relationship between lymph node involvement
and the following characteristics: lymphovascular in-
vasion, histological grade, breast cancer subtype,
CXCR4, and positive HER2 expression. Accordingly,
in patients with lymph node involvement, 73.2%
showed lymphovascular invasion and 30.6% positive
staining with CXCR4 when analyzed separately.
However, 77.7% demonstrated presence of lympho-



CHEMOKINE RECEPTOR 4 AND Y-CATENIN IN BREAST CARCINOMAS

vascular invasion plus positive CXCR4 staining when
analyzed together. Furthermore, 80.2% of the patients
showed all 3 when positive HER2 expression was added
to the preceding two. According to logistic regression
analysis, CXCR4 was an independent factor showing
a correlation with lymph node involvement.

In general, there was a statistically significant rela-
tionship between histological grade and CXCR4 stain-
ing (p < 0.05), relevant for all the subtypes. Among
grade 1 tumors 28.9%, grade 2 tumors 37.8%, and grade
3 tumors 72.7% showed strong positivity (2+ and 3+)
with CXCR4 staining. Thus, there was a corresponding
CXCR4 positivity with increasing tumor grade.

There was a direct relationship between histologi-
cal grade and lymph node involvement as well. Specif-
ically, there was a distinct difference comparing his-
tological grade 1 with grade 2 and 3 tumors; however,
the rate of lymph node involvement was lower in grade
3 tumors than in grade 2 tumors.

There was no relationship between the patient age,
size of primary tumor, y-catenin, Ki-67 staining char-
acteristics, and lymph node involvement.

There was a corresponding linear relationship with
increasing y-catenin staining score and HER2 positivity.
In reference to breast cancer subtypes, 73.3% of HER2
enriched and 100% of Luminal HER2 patients showed
strongly positive staining (2+ and 3 +) with y-catenin.
Conversely, there was either no or at the most weak
(1+) staining in 60% of patients in Luminal A and B
subtypes.

Discussion

Breast carcinoma is a heterogeneous malignant dis-
order [1}. Originally, different subtypes of breast can-
cers were identified on the basis of gene profiling tech-
nology {2, 3]. Later, investigators demonstrated that
6 different breast cancer subtypes can also be identi-
fied on the basis of their IHC staining characteristics,
with each subtype having different prognostic and ther-
apeutic implications {1, 191.

Gene expression profiling studies demonstrated that
each biologically (molecularly) different breast cancer
subtype has a distinct prognosis {1}. Basal-like and
HER?2 enriched subtypes have inferior disease-free and
overall survival than the luminal subtypes. Addition-
ally, patients with Luminal B subtype have worse prog-
nosis than the Luminal A subtype [19, 22}. In 30% of
Luminal B subtype patients, over-expression of HER2
is demonstrated [19]. These patients are reclassified as
Luminal-HER?2 since they are candidates for treatment
with trastuzumab, a humanized monoclonal antibody
against HER2 receptor {23}].

In this study, we categorized our patients in accor-
dance with their staining characteristics for ER, PR,
HER2, CK5/6, and Ki-67 and classified them into
6 subtypes as defined by [1}. In each subtype, we an-

alyzed the relationship between lymph node involve-
ment and CXCR4 as well as y-catenin staining patterns.
Thus far, we have not seen any study that compared
lymph node involvement in each subtype with CXCR4
and y-catenin staining characteristics. Recently, in-
vestigators described an important link between
breast cancer subtypes and lymph node involvement
[11. Conversely, in our study we were not able to
demonstrate a significant relationship between breast
cancer subtype and axillary lymph node metastasis.
Nonetheless, there was a clear difference among triple
negative patients with 72.5% metastatic lymph node
involvement in basal-like and 14.3% in TNP-nonbasal
subgroups. This was not statistically significant in this
study due to the limited number of patients. Because
of such a difference in lymph node involvement, albeit
not statistically significant, these TNP tumor subgroups
have not only distinct molecular characteristics, they
also have different prognoses {24, 25}. Thus, we be-
lieve it is well justified that even though they are clas-
sified as triple negative breast cancer, they should con-
tinue to be categorically separated as basal-like and
TNP-nonbasal. Hence, further investigation is war-
ranted to better identify such differences.

There are numerous studies that have shown a di-
rect relationship between CXCR4 staining character-
istics and lymph node involvement {7, 14, 15, 26}.
In our study we also discovered a direct relationship
between lymph node involvement and histological
grade, HER2, and CXCR4 staining characteristics,
whereas there was no such relationship with y-catenin,
primary tumor size, patient age, and subtypes of breast
cancer. Kato ef a/. investigated the relationship between
CXCR4 staining characteristics and lymph node in-
volvement in breast cancer patients and discovered that
focal staining pattern was more often associated with
lymph node involvement than diffuse staining pattern
[14}. In our study, we also discovered a distinct rela-
tionship between the presence of lymph node in-
volvement and CXCR4 staining. This was very simi-
lar to the observations of Kato et /., showing
a relationship between staining pattern and number
of lymph nodes involved. Although lymphovascular in-
vasion in the primary tumor is the most significant pre-
dictor of lymph node involvement, CXCR4 by itself pre-
dicts lymph node involvement in 30% of patients.

We also found a significant relationship between
breast cancer subtypes and staining characteristics for
both y-catenin and CXCR4. Thus far, we have found
a single article addressing the relationship between
CXCR4 and molecular subtypes of breast cancer {27}.
Zhand et al. investigated the relationship between
CXCR4 and 5 different molecular subtypes of breast can-
cer. They discovered a marked difference between Lu-
minal A and basal-like tumors with respect to their stain-
ing pattern {27}. In basal-like tumors CXCR4 protein
expression was higher than Luminal A tumors. In our
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study, we found that 75% of basal-like tumors showed
intense staining (2+ and 3+), whereas only 14.3% of
TNP-nonbasal tumors (1 patient) showed such a stain-
ing pattern, and the rest did not show any staining at
all. We believe these observations, along with their dif-
ferent propensity for lymph node involvement, are fur-
ther evidence supporting the notion that basal-like and
TNP-nonbasal tumors are distinct groups of tumors and
should be assessed separately with respect to their prog-
nostic and therapeutic implications {24, 25}. In contrast,
Luminal A, Luminal B, and Luminal HER2 tumors
showed either no or weak staining at the most.

We did not observe a statistically significant rela-
tionship between breast cancer subtypes and histolog-
ical grade, done in accordance with the modified
Bloom-Richardson grading system. Nevertheless, there
was a difference when Luminal A patients were com-
pared to triple negative patients (basal-like and TNP-
nonbasal together), triple negative patients having
a higher tumor grade. Even though there was not a sig-
nificant difference between the subtypes with respect
to lymph node involvement and extent of lymphovas-
cular invasion, triple negative breast cancer patients are
thought to have worse prognosis on the basis of their
higher histological grade and Ki67 value {24, 25}. Thus,
when triple negative breast cancer patients are compared
with the other subtypes, there are reports indicating that
these tumors take a clinically aggressive course.

In contrast to published results, we found no rela-
tionship between nodal involvement and breast can-
cer subtypes, although there was an independent re-
lationship between lymph node involvement and
CXCR4 staining.

Because there is a demonstrated relationship between
HER?2 oncogene product and y-catenin complex in gen-
eral {28, 291, we discovered a similar relationship in
patients with HER2 enriched and Luminal HER2,
showing co-existence of both these biological markers
in tumor specimens of these patients (p = 0.000).

Recently, FISH analysis has been in use to identi-
fy HER2 gene amplification {19}. Because of the close
relationship identified between HER2 and y-catenin,
the latter may be helpful in determining presence of
HER?2 gene amplification without the need for an ex-
pensive FISH test. We believe this is an interesting ob-
servation warranting further investigation.

Axillary lymph node dissection and even sentinel
lymph node biopsy carry significant morbidity [30}.
Efforts are undertaken to predict presence of axillary
lymph node involvement in order to minimize the need
for surgical intervention. It is premature to recommend
that CXCR4 be used to identify patients without any
lymph node involvement. Nonetheless, CXCR4 in com-
bination with HER2 and lymphovascular invasion may
encourage similar efforts to discover novel biological
markers in making such a decision, especially in patients
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showing no clinical evidence of lymph node involve-
ment with physical examination and ultrasonograph-
ic evaluation of the axillary region.

The authors declare no conflict of interest.
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