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Despite high sensitivity to chemotherapy,  the prognosis for triple-negative breast cancer (TNBC) 
remains poor because of its high rate of metastasis and low sensitivity to endocrine therapy.  CXCR4 
expression has been reported in many subtypes of human breast cancers,  but it remains unknown 
whether CXCR4 is expressed in TNBC and whether CXCR4 expression in TNBC could be a prognostic 
indicator.  TNBCs tissues were formalin fixed,  paraffin embedded and hematoxylin-eosin (H&E) 
stained.  Immunohistochemical staining was utilized to determine the CXCR4 expression in those speci-
mens.  Statistical analyses were performed using SPSS16.0 software to reveal the correlation of CXCR4 
expression in TNBC specimens and cancer recurrence and cancer-related death.  Our results showed 
that there was a strong association between CXCR4 overexpression and both menopause and the histo-
logical cancer grade of TNBC patients (p values were separately 0.004 and 0.001).  The 5-y disease-free 
survival (DFS) and the 5-y overall survival (OS) were 57.69ｵ and 58.33ｵ for the low-CXCR4 group 
versus 42.11ｵ and 44.74ｵ for the high-CXCR4 group,  respectively (p＝0.031 and 0.048).  CXCR4 over-
expression plays an important role in triple-negative breast cancers,  and may be a predictor of poor 
prognosis.
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riple-negative breast cancer (TNBC) is a 
description often used by clinicians to describe 

tumors lacking expression of hormone receptors (HRs) 
and human epidermal growth factor receptor 2 (HER-
2).  Despite their higher sensitivity to chemotherapy 
than the other subtypes,  prognosis for TNBC remains 
poor,  because of its high rate of metastasis and low 
sensitivity to endocrine therapy [1,  2].  One study 

conducted by Liedtke et al.  clearly demonstrated that 
the poor overall survival (OS) of TNBC was derived 
from those patients with chemoresistant disease,  
unfortunately representing more than 50ｵ of TNBC 
[3].  This observation underscores the need for novel,  
biological markers and targets for patients that are not 
sensitive to existing chemotherapies.  Impairment of 
the BRCA1 pathway,  mutation of p53,  and over-
expression of epidermal growth factor receptor 
(EGFR),  caveolin-1 and so on have all been implicated 
in TNBC [4-10].  Recently,  significantly high N-cadherin 
and TOP2A expression were shown in TNBC with 
lymphatic infiltration [11].
　 The fact that breast cancer is not uniform but 
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consists of several different subtypes with different 
molecular profiles,  biological behavior and risk 
profiles; this variability poses a challenge for its 
clinical management.  Very few of the many individual 
prognostic markers evaluated are sufficiently powerful 
on their own to merit clinical use.  Therefore,  there 
will continuously to be a need to identify new markers 
that are prognostic and useful for therapy.  Chemokine 
(C-X-C motif) receptor 4 (CXCR4),  a seven-trans-
membrane G protein-coupled chemokine receptor,  has 
been shown to play a pivotal role in the pathogenesis 
of metastatic breast cancer [12-18].  CXCR4 on 
cancer cells could direct their migration to organs,  i.e.  
liver,  bone,  and lung,  that express high concentra-
tions of chemokine ligand 2 (CXCL-2).
　 This study was to determine the association of 
CXCR4 expression with the prognosis of TNBC,  and 
to clarify whether CXCR4 overexpression in tumor 
specimens can predict the outcomes for TNBC patients.

Materials and Methods

　 Patients and tissue specimens. Utilization of 
all 148 TNBC specimens was approved by our hospi-
tal Internal Review Board (IRB).  From January 1995 
to December 2011,  there were 719 cases of breast 
cancer with complete clinico-pathologic data including 
specimens.  All 148 cases of TNBC within that group 
were used in this study.  Clinical data of the 148 
TNBC patients were recorded prospectively,  includ-
ing the age at diagnosis,  menstruation status,  stage of 
disease,  treatment protocol,  surveillance protocol 
compliance,  and study endpoints.  Primary endpoints 
were cancer recurrence and cancer-related death.  All 
tissue samples were formalin fixed and paraffin embed-
ded.  Hematoxylin-eosin (H&E) slides,  pathology reports,  
and other medical records were reviewed to confirm 
the diagnoses as well as to establish the clinicopatho-
logic parameters of the tumors,  such as age,  meno-
pause,  tumor size,  histological grade (evaluated by 
Nottingham combined histology grade system [19,  
20]),  axillary lymph node metastasis,  and patient 
survival.  Treatment and surveillance protocols were 
standardized to ensure study homogeneity.  
Surveillance protocol consisted of a thorough physical 
examination every 3 months for 3 years,  every 6 
months in year 4 and 5,  and annually thereafter.
　 Ethics approval. The specimens in our study 

are human breast cancer samples removed by surgery 
as part of the cancer treatment.  Prior to the opera-
tion,  patients granted consent for the use of the 
excised cancer tissue in medical or scientific research.
　 Immunohistochemical staining. Cancer 
specimens were cut and transferred to adhesive-coated 
slides.  Before proceeding with the staining protocol,  
the slides were deparaffinized by heating at 55℃ for 
30min,  followed by 3 washes of 5min each with 
xylene,  and rehydrated by a series of 5-min washes in 
100ｵ,  90ｵ,  70ｵ ethanol and phosphate-buffered 
saline (PBS).  Antigen retrieval was performed by 
heating for 20min at a constant temperature of 98℃ 
in 250mL of 10-mM sodium citrate (pH6.0),  and 
endogenous peroxidase activity was blocked with 0.3ｵ 
hydrogen peroxide for 20min.  The 4 antibodies,  
introduced separately,  were rabbit polyclonal antibody 
to CXCR4 (ab2074,  Abcam,  Cambridge,  UK),  mouse 
monoclonal antibody to the estrogen receptor (ab16460,  
Abcam,  Cambridge,  UK),  and rabbit polyclonal anti-
bodies to the progesterone receptor and HER2,  
(ab68195,  ab2428; Abcam,  Cambridge,  UK); they 
were diluted 1 : 50 with goat serum separately.  After 
incubation with the primary antibodies at room tem-
perature for 1h,  the sections were washed with PBS 
3 times for 5min each,  and incubated with a goat anti-
rabbit/mouse IgG HRP polymer (ab30887 or ab2891;  
Abcam).  After 3 more washes,  DAB HRP substrate 
(ab64238; Abcam),  was added for 1 min and counter-
stained with Mayerʼs hematoxylin.  The samples were 
then dehydrated and sealed with cover slips.  Negative 
controls were performed by omitting the primary 
antibodies.  Immunostaining for estrogen receptor,  
progesterone receptor and HER2 was interpreted 
according to the Allred scoring system.  This system 
consists of a proportion score (PS: 0,  none; 1,  ＜1/100;  
2,  1/100 to 1/10; 3,  1/10 to 1/3; 4,  1/3 to 2/3;  
and 5,  ＞2/3) and an intensity score (IS: 0,  negative;  
1,  weak nuclear staining,  faintly perceptible at high-
power magnification; 2,  intermediate nuclear staining;  
and 3,  nuclei displaying strong staining with the 
appearance of an ink dot at low-power magnification).  
The PS and IS are added to obtain the total score 
(TS; range,  0,  2-8) [21],  according to the ASCO/
CAP guidance [22].  The immunostaining for CXCR4 
was semiquantified by grading the staining proportion 
and staining density: the staining proportion was 
divided into grade 0 (less than 5ｵ),  grade 1 (6-25ｵ 
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positive cells),  grade 2 (26-50ｵ positive cells),  
grade 3 (51-75ｵ positive cells) and grade 4 (more 
than 75ｵ positive cells) scored as 0,  1,  2,  3 and 4,  
respectively; and the staining density was divided into 
negative,  pale yellow,  yellow and brownish yellow,  
scored as 0,  1,  2 and 3,  respectively.  Then the 2 
scores were multiplied and the samples divided into 4 
groups based on the results: 0 negative (－); 1-4 
weakly positive (＋),  5-8 positive (＋＋) and 9-12 
strongly positive (＋＋＋).  The negative (－) and weakly 
positive (＋) results were classified as low expression 
and the positive (＋＋) and strongly positive (＋＋＋) 
results were classified as high expression.
　 Statistical analysis. Statistical analyses were 
performed using SPSS16.0 software (IBM SPSS,  
Inc.,  Armonk,  NY,  USA) according to the software 
manual (http://www.unt.edu/rss/class/Jon/SPSS_
SC/Manuals/v19/IBMｵ20SPSSｵ20Advancedｵ
20Statisticsｵ2019.pdf) to Author.  PLS put (accessed 
June,  2012-June,  2014).  Levels of CXCR4 expres-
sion,  tumor size,  and nodal status were correlated 
using the Spearman rank correlation.  Survival analy-
sis was performed using the Kaplan-Meier method,  
while the log-rank test was used to compare the curves 
and the Cox proportional hazard regression model was 
used for multivariate analysis.  Risk ratios and 95ｵ 
confidence intervals (CI) were calculated from the 
model.  P values ＜0.05 were considered statistically 
significant.

Results

　 Identification of triple-negative breast cancer 
specimens by IHC. From 719 cases of breast 
cancer,  148 triple-negative breast cancer (TNBC) 
specimens were identified by immunohistochemical 
staining with rabbit polyclonal antibodies to estrogen 
receptor,  progesterone receptor,  and human epider-
mal growth factor receptor 2 (HER-2).  Fig.  1 shows 
representative immunohistochemical stainings of the 
estrogen receptor,  progesterone receptor,  and HER-
2.  Detailed clinicopathological characteristics of our 
148 patients are shown in Table 1.
　 CXCR4 expressions in TNBC. CXCR4 
expression was evaluated by immunohistochemical 
staining in 148 cases of TNBC.  A representative 
CXCR4 immunohistochemical staining is shown in Fig.  
2 CXCR4 overexpression was observed in varying 

degrees in the TNBC specimens; strong associations 
with CXCR4 overexpression were found for meno-
pausal status and the histological grade of cancer of 
the TNBC patients (p values,  0.004 and 0.001,  
respectively) while age (p＝0.198),  tumor size (p＝
0.134) and axillary lymph node metastasis (p＝0.484) 
were not associated with the CXCR4 overexpression 
in TNBC specimens (Table 1).
　 Correlations between CXCR4 overexpression 
and poor prognosis in TNBC. To reveal the 
correlations between the CXCR4 overexpression and 
prognosis in TNBC,  the Kaplan-Meier method was 
utilized to calculate the overall survival and disease-
free survival of the 2 groups of breast cancer patients.  
As shown by the Cox Proportional hazard model,  
CXCR4 overexpression was a significant risk for 
cancer recurrence and cancer-related death (Table 2 
and 3).  Patients whose cancer specimens showed ele-
vated CXCR4 had a worse survival rate (Fig.  3) than 
those showing low CXCR4 levels.  The 5-y disease-
free survival (DFS) rates for the low- and high-
CXCR4 groups were 57.69ｵ and 42.11ｵ,  respec-
tively (p＝0.031).  The median DFS was 55 months 
for the low-CXCR4 group and 48 months for the high-
CXCR4 group.  The 5-y overall survival (OS) rates 
for the low- and high-CXCR4 groups were 58.33ｵ 
and 44.74ｵ,  respectively (p＝0.048); the median OS 
was 75 months for the low-CXCR4 group and 57 
months for the high-CXCR4 group.
　 To further confirm that high CXCR4 overexpres-
sion in cancer specimens is a novel independent prog-
nostic indicator of a poor cancer outcome in patients 
with TNBC,  we performed a Cox proportional hazard 
model to determine the relative risks of cancer recur-
rence (Table 2) and cancer death (Table 3) between 
CXCR4 expressions and known clinicopathologic fac-
tors.  Patients whose tumors had high CXCR4 expres-
sion had a 2.02-fold and 1.97-fold increases in relative 
risk of cancer recurrence and cancer-related death,  
respectively,  compared with those whose tumors had 
low CXCR4 expression (95ｵ CI＝1.04 to 3.92; p＝
0.037; 95ｵ CI＝0.98 to 3.91; p＝0.046).  In com-
parison,  patients whose cancer had a high histological 
grade had 2.73-fold and 3.24-fold increase in relative 
risk of cancer recurrence and cancer-related death 
compared with those having a lower histological grade 
(95ｵ CI＝1.26 to 6.18; p＝0.003; 95ｵ CI＝1.14 
to 7.24; p＝0.017).
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Discussion

　 Breast Cancer (BC) is increasingly recognized as a 
heterogeneous disease exhibiting substantial varia-
tions with regard to biological behavior and requiring 
distinct therapeutic interventions.  Steroid hormone 
receptors (HRs) such as estrogen receptor (ER) and 
progesterone receptor (PgR) in concert with the onco-
gene ErbB-2/human epidermal growth factor receptor 
2 (HER-2) are critical determinants of these BC sub-
types,  and the presence of HRs is thought to indicate 
a good prognosis [23].  HER-2 expression is also 

perceived as a favorable predictive factor because 
trastuzumab has become such a potent therapeutic 
approach in HER-2-positive BC [24-26].  TNBC is 
characterized by a lack of expression of ER,  PgR and 
HER-2.  Thus,  to date,  chemotherapy remains the only 
possible therapeutic option in the adjuvant or meta-
static setting of TNBC.  A recent analysis indicates 
that TNBC carries a distinct molecular profile when 
compared with HR-positive BC.  Thus,  clarifying the 
molecular events responsible for triple-negative 
aggressive behavior might assist us to better identify 
high-risk individuals and develop target-specific thera-

372 Acta Med.  Okayama　Vol.  67,  No.  6Yu et al.

(A) (B)

(C) (D)

(E) (F)

Fig. 1　 Representative immunohistochemical staining for estrogen receptors,  progesterone receptors,  and HER-2 expression in breast 
cancer specimens.  (A),  (C),  (E): negative expression of the estrogen receptor,  progesterone receptor,  and HER-2 by immunohistochem-
ical staining.  (B),  (D),  (F): positive expression of the estrogen receptor,  progesterone receptor,  or HER-2 by immunohistochemical 
staining.



pies.
　 The chemokine receptor CXCR4 is a 7-transmem-
brane G protein-coupled receptor that has been 
reported to be involved in the pathogenesis of meta-

static breast cancer [12-18].  CXCR4 has been found 
to be highly expressed in breast cancer cells.  Motility 
and migration of breast cancer cells expressing 
CXCR4 can be induced when they are exposed to the 
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Fig. 2　 Immunohistochemical staining of CXCR4 expression in the TNBC specimens in this study.  (A),  negative expression of CXCR4 
in TNBC (－); (B),  weakly positive expression of CXCR4 in TNBC (＋); (C),  positive expression of CXCR4 in TNBC (＋＋);  
(D),  strongly positive expression of CXCR4 in TNBC (＋＋＋).

Table 1　 Relationship of CXCR4 expression and clinicopatho-
logical characteristics in TNBC

Clinicopathological
features

CXCR4
p-value

Low High

Age (yr)
　ｦ50 26 (36.11) 46 (63.89) 0.198
　＞50 20 (26.32) 56 (73.68)
Menopause
　Premenopausal 33 (41.25) 47 (62.5) 0.004
　Postmenopausal 13 (19.12) 55 (80.88)
Tumor size (cm)
　T1  8 (32.00) 17 (68.00) 0.134
　T2 18 (40.91) 26 (59.09)
　T3 15 (31.91) 32 (68.09)
　T4  5 (15.63) 27 (84.37)
Axillary lymph node metastasis
　Negative 19 (34.55) 36 (65.45) 0.484
　Positive 27 (29.03) 16 (70.97)
Histological grade
　I/II 30 (44.78) 37 (55.22) 0.001
　III 16 (19.75) 65 (80.25)

Table 2　 CXCR4 and Cancer recurrence (Cox Proportional haz-
ard model)

Factors Relative risk 95% C.I. Significance

Age 0.73 0.31-1.57 0.28
High CXCR4 2.02 1.04-3.92 0.037
Tumor size 0.84 0.56-1.39 0.68
Histological grade 2.73 1.26-6.18 0.003
Lymph node metastasis 2.97 1.47-4.55 0.058

Table 3　 CXCR4 and Cancer-related death (Cox Proportional 
hazard model)

Factors Relative risk 95% C.I. Significance

Age 0.84 0.37-1.63 0.39
High CXCR4 1.97 0.98-3.91 0.046
Tumor size 1.03 0.68-1.62 0.82
Histological grade 3.24 1.14-7.24 0.017
Lymph node metastasis 2.84 1.23-6.11 0.071



CXCR4 ligands,  namely,  stromal derived factor 1 
(SDF-1) [12].  The clinical utility of CXCR4 as an 
indicator of tumor metastasis has also been defined 
[12-18,  27].  Chu et al.  found high CXCR4 expres-
sion in TNBC by western-blotting analysis of fresh 
frozen cancer tissue [27].  To confirm whether CXCR4 
is an important factor in the clinical setting of TNBC,  
we performed immunohistochemical staining for 
CXCR4 on paraffin-embedded,  formalin-fixed TNBC 
tissues,  and then evaluated its role in triple-negative 
breast cancer prognosis.  We found high levels of 
CXCR4 expression in the primary triple-negative 
breast cancers.  Therefore,  CXCR4 may be an impor-
tant parameter for TNBCs.  CXCR4 was also a strong 
indicator of TNBC outcome: high CXCR4 expression 
was associated with a significantly worse disease-free 
survival and overall survival than tumors with low 
CXCR4 expression (Fig.  3 and Table 2-3),  as indi-
cated by the univariate analysis model (Kaplan-Meier 
and log-rank test) and the multivariate Cox propor-
tional hazard model (Tables 4 and 5).  It has been 
reported that CXCR4 regulates tumor cell growth,  
migration and metastases in lungs,  brains and bones 
[12-16] although the details about metastases other 
than lymph-node metastases are not complete.  This 
migration might also be the main cause of the poor 
outcome of TNBC.  Therefore,  in the future it will be 
helpful to research the correlation of CXCR4 overex-
pression with metastases in lungs,  bones or other 
organs.  In this study,  we noted that both CXCR4 

overexpression and histological grade were significant 
predictors of cancer recurrence and cancer-related 
death on multivariate analysis (p＝0.037 and 0.046,  
Tables 2 and 3),  as has also been observed by others 
[27],  but there was no correlation of CXCR4 overex-
pression with lymph node metastases (p＝0.058 and 
0.071) (Table 1).  Whether this is due to a statistical 
limitation or indicates a real biological phenomenon is 
not known.
　 In conclusion,  our findings indicate that CXCR4 
overexpression plays an important role in triple-nega-
tive breast cancers,  and may be an indicator of poor 
prognosis.

Acknowledgement.　This study was supported by funds from the Jilin 
University 2nd Hospital and the China-Japan Union Hospital.

References

 1. Rouzier R,  Perou CM,  Symmans WF,  Ibrahim N,  Cristofanilli M,  
Anderson K,  Hess KR,  Stec J,  Ayers M,  Wagner P,  Morandi P,  
Fan C,  Rabiul I,  Ross JS,  Hortobagyi GN and Pusztai L: Breast 
cancer molecular subtypes respond differently to preoperative che-
motherapy.  Clin Cancer Res (2005) 11: 5678-5685.

 2. Carey LA,  Dees EC,  Sawyer LR,  Gatti L,  Moore DT,  Collichio F,  
Ollila DW,  Sartor CI,  Graham ML and Perou CM: The triple nega-
tive paradox: Primary tumor chemosensitivity of breast cancer 
subtypes.  Clin Can Res (2007) 13: 2329-2334.

 3. Liedtke C,  Mazouni C,  Hess KR André F,  Tordai A,  Mejia JA,  
Symmans WF,  Gonzalez-Angulo AM,  Hennessy B,  Green M,  
Cristofanilli M,  Hortobagyi GN and Pusztai L: Response to 
Neoadjuvant Therapy and Long-Term Survival in Patients With 
Triple-Negative Breast Cancer.  J Clin Oncol (2008) 26: 1275-

374 Acta Med.  Okayama　Vol.  67,  No.  6Yu et al.

A 1.0

0.8

0.6

0.4

0.2

0.0

Di
se
as
e-
fre

e 
su
rv
iva

l

0 20 40 60 80 100 120

1.0

0.8

0.6

0.4

0.2

0.0

0 20 40 60 80 100 120
Follow-up period (months) Follow-up period (months)

p＝0.031
CXCR4
high
low
high-censored
low-censored

CXCR4
high
low
high-censored
low-censored

B

Ov
er
al
 s
ur
viv

al

p＝0.048

Fig. 3　 Influence of CXCR4 overexpression on disease-free or overall survival in triple-negative breast cancers.  This Kaplan-Meier sur-
vival curve compares the disease-free and overall survival,  based on the degree of CXCR4 overexpression in patients with triple-negative 
cancers (A and B).  Note that TNBC patients whose tumors showed high CXCR4 expression levels had a worse disease-free or overall 
survival compared with those whose tumors with low CXCR4 expression (p＝0.031 and 0.048).



1281.
 4. Pinilla SM,  Honrado E,  Hardisson D,  Benitez J and Palacios J:  

Caveolin-1 expression is associated with a basal-like phenotype in 
sporadic and hereditary breast cancer.  Breast Cancer Res Treat 
(2006) 99: 85-90.

 5. Li H,  Cherukuri P,  Li N,  Cowling V,  Spinella M,  Cole M,  Andrew 
K.  Godwin AK,  Wells W and DiRenzo J: Nestin is expressed in 
the basal/myoepithelial layer of the mammary gland and is a 
selective marker of basal epithelial breast tumors.  Cancer Res 
(2007) 67: 501-510.

 6. Siziopikou K and Cobleigh M: The basal subtype of breast carci-
nomas may represent the group of breast tumors that could benefit 
from EGFR-targeted therapies.  Breast (2007) 16: 104-107.

 7. Hoadley KA,  Weigman VJ,  Fan C,  Sawyer LR,  He X,  Troester 
MA,  Sartor CI,  Rieger-House T,  Bernard PS,  Carey LA and Perou 
CM: EGFR associated expression profiles vary with breast tumor 
subtype.  BMC Genomics (2007) 8: 258.

 8. Moyano J,  Evans J,  Chen F,  Lu M,  Werner ME,  Yehiely F,  
Turbin D,  Nielsen TO,  Perou CM and Cryns VL: Alpha B-Crystallin 
is a novel oncoprotein that predicts poor clinical outcome in breast 
cancer.  J Clin Invest (2006) 116: 261-270.

 9. Chelouche-Lev D,  Kluger H,  Berger A,  Rimm DL and Price JE:  
Alpha B-crystallin as a marker of lymph node-involvement in breast 
carcinoma.  Cancer (2004) 100: 2543-2548.

10. Trihia H,  Murray S,  Price K,  Gelber RD,  Golouh R,  Goldhirsch A,  
Coates AS,  Collins J,  Castiglione-Gertsch M,  Gusterson BA and 
International Breast Cancer Study Group: Ki-67 expression in 
breast carcinoma: its association with grading systems,  clinical 
parameters,  and other prognostic factors-a surrogate marker? 
Cancer (2003) 97: 1321-1331.

11. Nakagawa M,  Bando Y,  Nagao T,  Morimoto M,  Takai C,  Ohnishi 
T,  Honda J,  Moriya T,  Izumi K,  Takahashi M,  Sasa M and 
Tangoku A: Expression of p53,  Ki-67,  E-cadherin,  N-cadherin 
and TOP2A in triple-negative breast cancer.  Anticancer Res (2011) 
31: 2389-2393.

12. Müller A,  Homey B,  Soto H,  Ge N,  Catron D,  Buchanan ME,  
McClanahan T,  Murphy E,  Yuan W,  Wagner SN,  Barrera JL,  
Mohar A,  Verastegui E and Zlotnik A: Involvement of chemokine 
receptors in breast cancer metastasis.  Nature (2001) 410: 50-56.

13. Lee BC,  Lee TH,  Avraham S and Avraham HK: Involvement of 
the chemokine receptor CXCR4 and its ligand stromal cell-derived 
factor 1a in breast cancer cell migration through human brain 
microvascular endothelial cells.  Mole Cancer Res (2004) 2: 327-
338.

14. Liang Z,  Yoon Y,  Votaw J,  Goodman MM,  Williams L and Shim 
H: Silencing of CXCR4 blocks breast cancer metastasis.  Cancer 
Res (2005) 65: 967-971.

15. Lapteva N,  Yang A,  Sanders D,  Strube RW and Chen SY:  
CXCR4 knockdown by small interfering RNA abrogates breast 
tumor growth in vivo.  Cancer Gene Ther (2005) 12: 84-89.

16. Smith MCP,  Luker KE,  Garbow JR,  Prior JL,  Jackson E,  Piwnica-
Worms D and Luker GD: CXCR4 regulates growth of both primary 
and metastatic breast cancer.  Cancer Res (2004) 64: 8604-8612.

17. Holm N,  Byrnes K,  Li B,  Turnage R,  Abreo F,  Mathis J and Chu 
QD: Elevated levels of chemokine receptor CXCR4 in HER-2 neg-
ative breast cancer specimens predict recurrence.  J Surg Res 

(2007) 141: 53-59.
18. Holm N,  Abreo F,  Johnson L,  Li B and Chu QD: Elevated 

chemokine receptor CXCR4 expression in primary tumors following 
neoadjuvant chemotherapy predicts poor outcomes for patients 
with locally advanced breast cancer (LABC).  Breast Cancer Res 
Treat (2009) 113: 293-299.

19. Elston CW and Ellis IO.  Pathological prognostic factors in breast 
cancer.  I.  The value of histological grade in breast cancer:  
experience from a large study with long-term follow-up.  
Histopathology (1991) 19: 403-410.

20. Fitzgibbons PL,  Page DL,  Weaver D,  Thor AD,  Allred DC,  Clark 
GM,  Ruby SG,  OʼMalley F,  Simpson JF,  Connolly JL,  Hayes DF,  
Edge SB,  Lichter A and Schnitt SJ: Prognostic factors in breast 
cancer.  College of American Pathologists Consensus Statement 
1999.  Arch Pathol Lab Med (2000) 124: 966-978.

21. Allred DC,  Harvey JM,  Berardo M,  Clark GM: Prognostic and 
predictive factors in breast cancer by immunohistochemical analy-
sis.  Mod Pathol (1998) 11: 155‒168.

22. Wollf AC,  Hammond ME,  Schwartz JN,  Hagerty KL,  D Allred C,  
Cote RJ,  Dowsett M,  Fitzgibbons PL,  Hanna WM,  Langer A,  
McShane LM,  Paik S,  Pegram MD,  Perez EA,  Press MF,  Rhodes 
A,  Sturgeon C,  Taube SE,  Tubbs R,  Vance GH,  van de Vijver M,  
Wheeler TM,  Hayes DF and American Society of Clinical 
Oncology/College of American Pathologists.  American Society of 
Clinical Oncology/College of American Pathologists guideline rec-
ommendation for human epidermalgrowth factor 2 testing in breast 
cancer.  Arch Pathol Lab Med (2007) 131: 18-43.

23. Early Breast Cancer Trialistsʼ Collaborative Group: Effects of che-
motherapy and hormonal therapy for early breast cancer on recur-
rence and 15-year survival: an overview of the randomised trials.  
Lancet (2005) 365: 1687-1717.

24. Piccart-Gebhart MJ,  Procter M,  Leyland-Jones B,  Goldhirsch A,  
Untch M,  Smith I,  Gianni L,  Baselga J,  Bell R,  Jackisch C,  
Cameron D,  Dowsett M,  Barrios CH,  Steger G,  Huang CS,  
Andersson M,  Inbar M,  Lichinitser M,  Lang I,  Nitz U,  Iwata H,  
Thomssen C,  Lohrisch C,  Suter TM,  Ruschoff J,  Suto T,  
Greatorex V,  Ward C,  Straehle C,  McFadden E,  Dolci MS,  
Gelber RD and Herceptin Adjuvant (HERA) Trial Study Team:  
Trastuzumab after adjuvant chemotherapy in HER2-positive breast 
cancer.  N Engl J Med (2005) 353: 1659-1672.

25. Romond EH,  Perez EA,  Bryant J,  Suman VJ,  Geyer Jr CE,  
Davidson NE,  Tan-Chiu E,  Martino S,  Paik S,  Kaufman PA,  
Swain SM,  Pisansky TM,  Fehrenbacher L,  Kutteh LA,  Vogel VG,  
Visscher DW,  Yothers G,  Jenkins RB,  Brown AM,  Dakhil SR,  
Mamounas EP,  Lingle WL,  Klein PM,  Ingle JN and Wolmark 
N: Trastuzumab plus adjuvant chemotherapy for operable HER2-
positive breast cancer.  N Engl J Med (2005) 353: 1673-1684.

26. Slamon DJ,  Leyland-Jones B,  Shak S,  Fuchs H,  Paton V,  
Bajamonde A,  Fleming T,  Eiermann W,  Wolter J,  Pegram M,  
Baselga J and Norton L: Use of chemotherapy plus a monoclonal 
antibody against HER2 for metastatic breast cancer that overex-
presses HER2.  N Engl J Med (2001) 344: 783-792.

27. Chu QD,  Panu L,  Holm NT,  Li BD,  Johnson LW and Zhang S: High 
chemokine receptor CXCR4 level in triple negative breast cancer 
specimens predicts poor clinical outcome.  J Surg Res (2010) 159:  
689-695.

375High CXCR4 Expression in TNBCDecember 2013


