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Abstract
Background: Distant relapse of breast cancer complicates management of the 
disease and accounts for 90% of breast cancer-related deaths. Monocyte chemoat-
tractant protein-1 (MCP-1) has critical roles in breast cancer progression and is 
widely accepted as a pro-metastatic chemokine.
Methods: This study explored MCP-1 expression in the primary tumour of 251 
breast cancer patients. A simplified ‘histoscore’ was used to determine if each 
tumour had high or low expression of MCP-1. Patient breast cancers were retro-
spectively staged based on available patient data. p < 0.05 was used to determine 
significance and changes in hazard ratios between models were considered.
Results: Low MCP-1 expression in the primary tumour was associated with 
breast cancer-related death with distant relapse in ER− breast cancers (p < 0.01); 
however, this was likely a result of most low MCP-1-expressing ER− breast can-
cers being Stage III or Stage IV, with high MCP-1 expression in the primary tu-
mour significantly correlated with Stage I breast cancers (p < 0.05). Expression of 
MCP-1 in the primary ER− tumours varied across Stage I, II, III and IV and we 
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1   |   INTRODUCTION

The formation of metastases is a considerable clinical ob-
stacle that prevents the successful management of cancer. 
Breast cancer is the most common cancer experienced 
by women. Approximately 30% of women diagnosed 
with early-stage breast cancer will progress to advanced 
disease within 10 years post-diagnosis, with 10%–15% of 
patients developing distant metastases within 3 years.1 
Approximately 90% of deaths from breast cancer are re-
lated to metastatic disease. The bone, liver, lungs and 
brain are the most frequent sites of breast cancer metasta-
sis; bone being the most frequent site, occurring in 70% of 
all metastatic cases.2,3

Heterogeneity of breast cancers severely complicates 
treatment of the disease and is responsible for variability 
in clinical behaviour and response to treatment. Breast 
cancer morphology and biology is varied and, thus, clini-
cal behaviour and treatment-response also varies.4 Typing, 
grading and staging of the primary tumour comprise the 
classical assessment of breast cancer. Typing refers to the 
histological classification, grading refers to the micro-
scopic assessment of histological differentiation and stag-
ing refers to the classification of the cancer into one of five 
stages–0, I, II, III and IV–based on tumour size, nodal sta-
tus and the presence of distant metastases.4 Furthermore, 
breast cancers can be classified using surrogate immuno-
histochemistry markers, namely oestrogen receptor (ER), 
progesterone receptor (PR), human epidermal growth fac-
tor receptor 2 (HER2) and antigen KI-67 (Ki-67).5

Monocyte chemoattractant protein-1 (MCP-1) is a che-
motactic protein that has been widely implicated in breast 
cancer progression and metastasis as a pro-progression 
and pro-metastatic chemokine, and is a promising tar-
get for anti-metastatic therapies.6 In terms of breast can-
cer progression, as a chemotactic protein, MCP-1 most 
notably associates with infiltration and recruitment of 
inflammatory cells, particularly macrophages,7–10 tumour-
associated macrophages,11 monocytes12 and mesenchymal 
stem cells.13 Targeted gene silencing of MCP-1 effectively 

inhibits triple negative breast cancer progression by block-
ing the recruitment of M2 macrophages and cancer stem 
cell renewal in mice.8

Subsequent to its involvement in inflammatory cell in-
filtration and recruitment, high levels of MCP-1 have been 
associated with stroma development,11,14 angiogenesis15,16 
and metastasis.17–19 Dutta et al.19 showed that MCP-1 is 
overexpressed in basal-like cell lines and that its over-
expression drives invasiveness and metastasis. Human 
studies into MCP-1's role in breast cancer progression are 
more conflicted. Lebrecht et al.20 concluded that in pa-
tients with breast cancer, elevated MCP-1 was associated 
with advanced disease; yet, Dehqanzada et al.21 showed 
that high MCP-1 levels were associated with favourable 
prognostic variables. A meta-analysis conducted in 2014 
concluded that MCP-1 is a poor diagnostic and prognos-
tic marker for solid tumours.22 However, MCP-1's specific 
utility as a marker of metastatic potential for breast cancer 
has not been readily explored.

This study explored the expression of MCP-1 in breast 
tumour samples from a cohort of 251 Australian women 
with breast cancer and examined whether MCP-1 expres-
sion is correlated with incidence of metastasis–termed 
distant relapse in this study–and survival. Given the over-
expression of MCP-1 in basal-like breast cancers that are 
ER−, we hypothesised that high MCP-1 expression in 
the primary tumour of ER− breast cancers would be cor-
related with a greater incidence of distant relapse and de-
creased survival.

2   |   METHODS

MCP-1 expression was assessed by immunohistochemical 
(IHC) staining of tissue microarrays (TMAs) of formalin-
fixed, paraffin-embedded blocks containing samples of 
breast tumour tissue from a cohort of 251 patients diagnosed 
with invasive ductal breast carcinoma between February 
1992 and August 2002 at St Vincent's Public and Private 
hospitals in Sydney, Australia.23 Prior approval for this 

highlighted a switch in MCP-1 expression from high in Stage I ER− cancers to 
low in Stage IV ER− cancers.
Conclusion: This study has emphasised a critical need for further investigation 
into MCP-1's role in breast cancer progression and improved characterisation of 
MCP-1 in breast cancers, particularly in light of the development of anti-MCP-1, 
anti-metastatic therapies.

K E Y W O R D S
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study was obtained from the St Vincent's Hospital Human 
Research Ethics Committee (HREC SVH H94/080; HREC 
06336 SVH H00 036) and all study participants gave in-
formed consent for their inclusion in the study.

2.1  |  Clinical characteristics of cohort

Patient characteristics are described in detail by Millar 
et al.23 Follow-up ranged between 0 and 152 months with 
a median follow-up of 64 months. Distant relapses and 
metastases were defined as disease in the lungs, liver, 
brain or distant lymph nodes.23 Two patients were unable 
to be analysed due to missing tumour cores, bringing the 
total sample size to 249. Patient age ranged from 32 to 79 
with a median age of 55.

2.2  |  TMA preparation and scoring

Antigen retrieval and staining was performed using the 
Leica Biosystems BOND RX Research Stainer (Leica 
Microsystems). Antigen retrieval was performed using 
the BOND Epitope Retrieval Solution 2 (pH 9.0; Leica 
Biosystems, catalogue no. AR9640) and staining for 
MCP-1 was performed using the Anti-MCP1 Antibody 
(Abcam, catalogue no. ab73680) at a dilution of 1 in 500. 
Slides were counterstained with haematoxylin. Adrenal 
tissue was used as a positive control for staining optimi-
sation in accordance with the manufacturer's recommen-
dation. All IHC staining was performed by the Garvan 
Histopathology Facility.

MCP-1 staining was scored using QuPath image anal-
ysis software,24 supervised by a pathologist blinded to 
group affiliation. Briefly following de-arraying of the 
TMA cores and automated estimation of stain vectors 
for the Haematoxylin DAB stained IHC slides, intensity 
parameters were set to differentiate positive cytoplasmic 
staining as weak (1+), moderate (2+) or strong (3+). A 
machine learning tissue classifier (random trees) was then 
trained using selected annotations to classify cells into 
cancer epithelium or stromal classes. Once satisfactory 
performance was achieved the algorithm was run over 
all slides in one batch and results obtained. The QuPath 
values for percentage of MCP-1-positive carcinoma cells 
and intensity of cytoplasmic staining were multiplied to 
derive a simplified ‘histoscore’. The mean histoscore for 
each patient was used for analysis. Low MCP-1 expression 
included patients with histoscores less than the median 
histoscore; high MCP-1 expression included patients with 
histoscores higher than the median histoscore. The me-
dian histoscore was 97.3 (range = 15.3–286; interquartile 
range [IQR] = 37.0).

2.3  |  Retrospective breast cancer scoring

ER− breast cancers were retrospectively staged based on 
available patient data. Patients were identified as hav-
ing Stage I, II, III or IV ER− breast cancer in accordance 
with the 8th edition of the American Joint Committee on 
Cancer's TNM cancer staging system.25

2.4  |  Statistical analyses

The Kaplan–Meier method was employed to estimate the 
likelihood of distant relapse and breast-cancer related death 
with distant relapse in patients with primary tumours of low 
MCP-1 expression or high MCP-1 expression. To compare 
survival between the two expression groups, the log-rank 
test was used. Hazard ratios (HRs) and associated 95% con-
fidence intervals were examined using the Cox proportional 
hazard regression model to adjust for potential confounding 
variables. Potentially confounding variables from the availa-
ble patient date were identified as: age, use of chemotherapy, 
grade of primary tumour and lymph node involvement. For 
this study, age was kept as a continuous variable. Unit com-
parisons for each variable were as follows: age–per 1 year; 
MCP-1—low expression versus high expression; grade—
primary tumour grade of two versus primary tumour grade 
of 3; chemotherapy—yes patient received chemotherapy 
versus no patient did not receive chemotherapy; lymph 
node involvement–no patient did not have lymph node in-
volvement versus yes patient had lymph node involvement. 
Univariate, age-adjusted and multivariable-adjusted models 
were generated. p < 0.05 was used to determine significance 
and changes in HRs between models were considered. Chi-
squared analysis was used to determine correlations be-
tween MCP-1 expression and clinical characteristics, and 
MCP-1 expression and breast cancer stages. Kaplan–Meier 
and chi-squared analysis were conducted in GraphPad 
Prism 8 (version 8.4.3; GraphPad Software). Cox propor-
tional hazards models were generated using SPSS (version 
1.0.0.1447; International Business Machines Corporation).

3   |   RESULTS

A total of 180 patients were identified as having ER+ 
breast cancer, with the remaining 69 patients identified as 
having ER− breast cancer. The ER+ breast cancer group 
included patients with luminal A and luminal B cancers, 
the ER− breast cancer group included patients with basal-
like, HER2+ In total, 66 patients experienced distant re-
lapse and 49 of those patients with distant relapse died 
from breast cancer-related causes within a median follow-
up period of 64 months.
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3.1  |  Clinical characteristics of cohort  
and association with MCP-1 expression

The relationship between MCP-1 expression and clinical 
characteristics is described in Table 1. Age, oestrogen re-
ceptor status, grade, lymph node involvement, the use of 
endocrine therapy and the use of chemotherapy were sim-
ilar between groups.

3.2  |  Immunohistochemical 
analysis of MCP-1 expression in invasive 
ductal carcinoma

Representative IHC staining intensities of MCP-1 are il-
lustrated in Figure 1. The staining pattern for MCP-1 was 
cytoplasmic with 100% of tumour samples showing evi-
dence of MCP-1 staining. Staining intensity ranged from 
1+ to 3+, with the percentage-of-positive-tumour cells 
ranging from 30% to 100%.

3.3  |  Low MCP-1 expression in primary 
tumour associated with increased risk of 
breast cancer-related death with distant 
relapse in ER− breast cancers but not ER+ 
breast cancers

The Kaplan–Meier method was employed to estimate the 
likelihood of distant relapse in low MCP-1 and high MCP-1 

groups. Comparison of curves for low MCP-1 and high 
MCP-1 groups showed that patients with ER− breast can-
cers with low MCP-1 expression were at increased risk of 
breast cancer-related death with distant relapse (p < 0.01; 
Figure 2B). MCP-1 expression was not associated with risk 
of distant relapse and breast cancer-related death with dis-
tant relapse in ER+ breast cancers (Figure 3).

3.4  |  Cox proportional hazards models 
for determination of confounding variables

Cox proportional hazards models were generated to as-
sess if MCP-1 acted as an independent prognostic variable 
or if it was confounded by other variables. MCP-1 and 
lymph node involvement maintain the highest HRs across 
univariate, age-adjusted and multivariable-adjusted 
models for distant relapse (MCP-1: adjusted HR = 1.66; 
95% CI = 0.77–3.61, lymph node involvement: adjusted 
HR = 4.91; 95% CI = 2.09–11.56) (Table  2) and breast 
cancer-related death with distant relapse (MCP-1: ad-
justed HR = 2.21; 95% CI = 0.92–5.31, lymph node involve-
ment: adjusted HR = 5.94; 95% CI = 2.21–15.95) (Table 3).

3.5  |  Correlation of MCP-1 expression in 
primary tumour with breast cancer stage

Subsequent to the association of low MCP-1 expres-
sion with decreased survival, we wanted to explore the 

Variable
Low MCP-1 
(n = 123)

High MCP-1 
(n = 124) p-value

Age (years), mean (range) 54.90 (59.7) 55.4 (56.5) NS

Oestrogen receptor status, n (%) NS

Positive 90 (71.79) 90 (71.90)

Negative 33 (28.21) 34 (28.10)

Tumour size (mm), median (IQR) 20.0 (13.5) 17.5 (12.0) NS

Grade (primary tumour), n (%) NS

1 22 (17.89) 15 (12.10)

2 43 (34.96) 50 (40.32)

3 58 (47.15) 59 (50.43)

Lymph node involvement, n (%) 59 (48.36) 54 (43.90) NS

Treatment, n (%)

Endocrine therapy 59 (47.20) 66 (53.23) NS

Chemotherapy 48 (39.02) 52 (41.94) NS

Distant relapse, n (%) 86 (52.5) 95 (47.5) NS

Note: Age and tumour size were analysed using a linear regression. Grade, lymph node involvement, 
treatment and distant relapse were analysed by Chi-squared testing.
Abbreviations: IQR, interquartile range; MCP-1, monocyte chemoattractant protein-1; NS, not significant.

T A B L E  1   Clinical characteristics of 
the study cohort.



      |  16225MULHOLLAND et al.

correlation of MCP-1 with breast cancer stage, given breast 
cancer staging is a better indicator of cancer severity. High 
MCP-1 expression in the primary tumour was correlated 

with Stage I breast cancers (p < 0.05; Table 4). Figure 4A 
shows that high MCP-1 expressing tumours were pre-
dominantly early-stage (Stage I and II; 55.88%) cancers, 

F I G U R E  1   Representative immunohistochemical staining intensities at 20× magnification. (A) represents normal breast tissue; (B) 
represents 1+ cytoplasmic staining intensity in invasive breast carcinoma epithelium; (C) represents 2+ cytoplasmic staining intensity in 
invasive breast carcinoma epithelium; (D) represents 3+ cytoplasmic staining intensity in invasive breast carcinoma epithelium.

F I G U R E  2   Kaplan–Meier curve describing probability of distant relapse and breast cancer-related death with distant relapse in patients 
with high and low expression of MCP-1 in primary ER- breast tumours. The log-rank test was used to compare probability between groups. 
Censored patients are represented as solid black lines. ER, oestrogen receptor; MCP-1, monocyte chemoattractant protein-1; (−), negative.

F I G U R E  3   Kaplan–Meier curve describing probability of distant relapse and breast cancer-related death with distant relapse in patients 
with high and low expression of MCP-1 in primary ER+ breast tumours. The log-rank test was used to compare probability between groups. 
Censored patients are represented as solid black lines. ER, oestrogen receptor; MCP-1, monocyte chemoattractant protein-1; (+), positive.
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whereas low MCP-1 expressing tumours were advanced 
late-stage cancers (Stage IV; 57.57%). Figure 4B shows the 
variation in MCP-1 expression across the different breast 

cancer stages. Stage I cancers predominantly expressed 
MCP-1 highly, whereas Stage IV cancers predominantly 
expressed MCP-1 lowly.

Variable

Univariate Age-adjusted
Multivariable-
adjusted

HR (95% CI) HR (95% CI) HR (95% CI)

Age 1.0 (0.97–1.03) – 0.99 (0.95–1.02)

MCP-1 2.00 (0.97–4.13) 2.00 (0.97–4.12) 1.66 (0.77–3.61)

Grade 0.57 (0.17–1.88) 0.57 (0.17–1.88) 0.56 (0.14–2.20)

Chemotherapy 1.00 (0.49–2.03) 0.96 (0.44–2.11) 0.77 (0.32–1.85)

Lymph node involvement 4.92 (2.12–11.44) 5.06 (2.17–11.81) 4.91 (2.09–11.56)

Note: Significant variables are depicted in bold (p < 0.05).
Abbreviations: CI, confidence interval; HR, hazard ratio; MCP-1, monocyte chemoattractant protein-1.

T A B L E  2   Univariate, age-adjusted 
and multivariable-adjusted Cox 
proportional hazards models for distant 
relapse in ER- breast cancers (n = 67).

Variable

Univariate Age-adjusted
Multivariable-
adjusted

HR (95% CI) HR (95% CI) HR (95% CI)

Age 0.98 (0.94–1.01) – 0.97 (0.94–1.01)

MCP-1 2.84 (1.27–6.37) 2.96 (1.32–6.65) 2.21 (0.92–5.31)

Grade 0.39 (0.09–1.64) 0.40 (0.10–1.71) 0.45 (0.09–2.33)

Chemotherapy 1.33 (0.62–2.86) 1.03 (0.43–2.43) 0.89 (0.34–2.33)

Lymph node 
involvement

6.38 (2.41–16.88) 6.71 (2.53–17.81) 5.94 (2.21–15.95)

Note: Significant variables are depicted in bold (p < 0.05).
Abbreviations: CI, confidence interval; HR, hazard ratio; MCP-1, monocyte chemoattractant protein-1.

T A B L E  3   Univariate, age-adjusted 
and multivariable-adjusted Cox 
proportional hazards models for breast 
cancer-related death with distant relapse 
in ER- breast cancers (n = 67).

T A B L E  4   Chi-squared analysis of MCP-1 expression and staging of ER- breast cancers to identify any potential association.

Breast cancer stage

Low (n = 33) High (n = 34)

χ2 p-valueYes No Yes No

Stage I Count (n) 4 29 11 23 3.945 0.0470

% within group 12.12 87.88 32.35 67.65

% of total 5.97 43.28 16.42 34.33

Stage II Count (n) 8 25 8 26 0.005 NS

% within group 24.24 75.76 23.53 76.47

% of total 11.94 37.31 11.94 38.81

Stage III Count (n) 2 31 3 31 0.4303 NS

% within group 6.06 93.94 8.82 91.18

% of total 2.99 46.27 4.48 46.27

Stage IV Count (n) 19 14 12 22 1.829 NS

% within group 57.58 42.42 35.29 64.71

% of total 28.36 20.90 17.91 32.84

Note: Significant variables are depicted in bold (p < 0.05).
Abbreviations: MCP-1, monocyte chemoattractant protein-1; NS, not significant.
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4   |   DISCUSSION

The use of MCP-1 as a diagnostic marker for breast cancer 
metastasis has been seldom explored. Furthermore, the 
role of MCP-1 in breast cancer and its use as a predictive 
tool remains conflicting. Importantly, the present study 
has shown that MCP-1 expression in primary ER− breast 
tumours is varied across the four breast cancer stages in 
an Australian cohort of women.

Kaplan–Meier models identified ER− breast cancers 
as a predictor of distant relapse (Figure  2A) and breast 
cancer-related death with distant relapse (Figure  2B). 
Given ER− breast cancers are generally more aggressive 
cancers, this association is not remarkable. When we 
looked at the ER− group further, low MCP-1 expression 
in the primary tumour was associated with an increased 
risk of breast cancer-related death with distant relapse. 
Currently, the literature is in overwhelming support of 
MCP-1 as a pro-metastatic chemokine–high levels of 
MCP-1 have been associated with breast cancer stroma 
development,11–14 angiogenesis,15,16 progression,8,26,27 me-
tastasis17–19 and poor prognosis–and so the association of 
low MCP-1 expression with poor prognosis in this study is 
a surprising finding.

The usefulness of MCP-1 as a prognostic marker in 
breast cancer has remained conflicted. Elevated levels of 
MCP-1 in serum have been associated with advanced tu-
mour stage and lymph node involvement,20 and also with 
favourable prognostic variables.21 Recently, Heiskala et al. 
suggested that a high number of MCP-1-positive primary 
breast tumour cells coupled with a high number of CD14-
positive TAMs was predictive of early relapse. Initial 
Kaplan–Meier analysis in the current study suggested that 
high MCP-1 was favourable, implying that MCP-1 is anti-
progression and anti-metastatic, and would substantiate 
the findings of Dehqanzada that high MCP-1 expression is 

associated with a positive prognostic outlook. It is import-
ant to consider here the method employed to assess MCP-1 
expression and the potential for discrepancies when inter-
preting data of this kind in the context of the available liter-
ature. Most studies investigating MCP-1 and breast cancer 
either assess its expression using IHC or assess its levels 
in serum. This study assessed MCP-1 expression by IHC, 
Dehqanzada assessed levels of MCP-1 in serum. Future 
studies would benefit from considering both IHC expres-
sion and serum analysis to confirm whether associations 
of MCP-1 expression and levels remain consistent across 
the investigatory methods. Nonetheless, the implication 
of MCP-1 as an anti-metastatic chemokine–as suggested 
by initial Kaplan–Meier analysis–would be inconsistent 
with the extensive literature associating MCP-1 with dis-
ease progression. Instead, we hypothesised that MCP-1 
expression may drop in late and advanced late-stage triple 
negative breast cancers that had already gained metastatic 
potential and, therefore, sought to reconsider our findings 
in the context of breast cancer stages.

Breast cancer stages consider tumour size, number 
of lymph nodes that are positive with cancer and in-
cidence of metastasis or distant relapse together, and 
this can give a more robust indication of breast can-
cer aggression. Subsequent exploratory analysis indi-
cated that high MCP-1 expression was significantly 
correlated with Stage I ER− breast cancers (Table  4). 
In low MCP-1 expressing ER− breast cancers, 57.57% 
were advanced late-stage. Conversely, 55.88% of high 
MCP-1 expressing primary ER− breast cancers were 
early-stage (Figure  4A). If we consider this finding in 
the context of the literature supporting MCP-1 as a pro-
progression, pro-metastatic chemokine, our data paints 
a more detailed picture of MCP-1 expression in the pri-
mary tumour across its progression. Patients with Stage 
I ER− breast cancers predominantly had high MCP-1 

F I G U R E  4   (A) Percentage of low MCP-1 expression and high MCP-1 expression groups that were early-stage (Stage I and II), late-stage 
(Stage III) and advanced late-stage breast cancers (Stage IV). (B) Percentage of low MCP-1 expression and high MCP-1 expression cancers in 
Stage I, Stage II, Stage III and Stage IV cancers. These visual representations were adapted from Hofstee et al.30 monocyte chemoattractant 
protein-1 (MCP-1).
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expression (Figure 4B). If MCP-1 is pro-progression and 
pro-metastatic, this finding supports this sentiment; the 
tumour is developing in its early stages and MCP-1 ex-
pression is increased to optimise its progression. In this 
study, the cohort with the greatest risk of death with 
distant relapse was comprised of patients with pre-
dominantly Stage III and Stage IV ER− breast cancer 
(Figure 4A); however, what is particularly interesting, is 
the association of these patients with low MCP-1 expres-
sion in the primary tumour.

In contrast to Stage I, patients with Stage IV ER− 
breast cancers predominantly showed low expression of 
MCP-1 (Figure 4B). By definition, a Stage IV breast cancer 
must have evidence of distant relapse in another organ. 
This then, in turn, suggests that MCP-1 expression may 
decrease in the primary tumour as it becomes less dom-
inant, and the cancer becomes more prominent in other 
organs. A study on patients with salivary gland tumours 
highlighted a similar phenomenon, whereby MCP-1 ex-
pression was lower in patients with advanced stage dis-
ease, citing that this low expression likely confirmed 
inadequate recruitment of the mononuclear inflamma-
tory cells necessary to mount an effective anti-tumour 
cytotoxic response.28 It is important to acknowledge here 
that the sample size of this study is relatively small, and 
these findings need to be corroborated in a larger study; 
future studies may consider in-silico analysis of existing, 
publicly available cancer datasets to substantiate their 
findings. Additionally, examining MCP-1 expression in 
circulating breast tumour cells as well as at the metastatic 
site may be useful in elucidating MCP-1's role in breast 
cancer progression. Furthermore, tracking MCP-1 expres-
sion in breast cancer patients as their disease progresses 
might also provide important insights into MCP-1 s role 
in metastasis. Nonetheless, if these findings are corrob-
orated, it will be of particular importance to elucidate 
whether this switch from high to low expression of MCP-1 
in the primary tumour is a by-product of the tumour hav-
ing metastasised, or whether the switch is mechanistic 
and may drive, in part, the metastasis of the tumour. If it 
is the latter, then anti-MCP-1 therapies—such as the use 
of propagermanium29—delivered to patients with ER− 
breast cancers may be harmful and afford their cancer 
metastatic potential.

These data highlight an inherent need for studies of 
this nature to consider their findings in the context of 
breast cancer stages. Most studies will assess tumour 
size, grade, lymph node involvement and metastasis as 
separate variables. In the clinical setting, we consider 
these variables together to give a more descriptive status 
of the cancer. It is important that studies assessing poten-
tial prognostic markers also consider how these variables 
may interact as one. Cox proportional hazards models 

(Tables 2 and 3) highlighted that MCP-1 expression was 
likely confounded by lymph node involvement. If we 
then consider this in the context of breast cancer stages, 
this confounder is not surprising. Most ER− breast can-
cers with low expression were of late or advanced late-
stage (Stage III or Stage IV cancers). By definition, for a 
breast cancer to be considered Stage III, it must have sub-
stantial lymph node involvement and almost all cancers 
that had reached Stage IV had strong evidence of lymph 
node involvement. Again, it appears that the most tell-
ing variable in this study is the one that considers all fac-
tors related to the primary tumour as one: breast cancer 
stage; and, as such, highlights the importance of consid-
ering breast cancer stages when interpreting data of this 
kind. Future studies should seek to further characterise 
MCP-1 expression in Stage I, II, III and IV breast cancers 
across multiple subtypes and elucidate the difference in 
potential of early-stage tumours with low and high ex-
pression of MCP-1.

5   |   CONCLUSIONS

This study has highlighted the innate complexity of MCP-
1's role in breast cancer progression and metastasis. Low 
MCP-1 expression in the primary tumour was associated 
with breast cancer-related death with distant relapse in 
ER− breast cancers; however, this was likely a result of 
those cancers being Stage III or Stage IV. As such, we 
highlight the importance of studies considering their re-
sults in the context of breast cancer stages. Importantly, 
our data shows a variation in expression of MCP-1 in 
primary ER− tumours across the stages of breast can-
cer, with the highest expression in Stage I tumours and 
the lowest expression in Stage IV tumours. MCP-1 may 
still have value as a prognostic variable and is still a valid 
therapeutic target, particularly for adjuvant chemokine 
therapy, but what has been made acutely evident from the 
present study, is that progression in this field needs to be 
navigated with extreme caution.

AUTHOR CONTRIBUTIONS
Bridie S. Mulholland: Conceptualization (lead); formal 
analysis (lead); funding acquisition (lead); investigation 
(lead); methodology (equal); project administration (lead); 
writing – original draft (lead); writing – review and editing 
(equal). Pierre Hofstee: Conceptualization (supporting); 
formal analysis (supporting); investigation (supporting); 
methodology (supporting); project administration (sup-
porting); writing – original draft (supporting); writing 
– review and editing (equal). Ewan K.A Millar: Data cu-
ration (equal); formal analysis (supporting); investigation 
(supporting); methodology (supporting); writing – review 



      |  16229MULHOLLAND et al.

and editing (equal). Dana Bliuc: Formal analysis (support-
ing); investigation (supporting); methodology (supporting); 
writing – review and editing (equal). Sandra O'Toole: 
Data curation (equal); resources (lead); writing – review 
and editing (equal). Mark R Forwood: Conceptualization 
(supporting); funding acquisition (supporting); investiga-
tion (supporting); project administration (supporting); re-
sources (supporting); writing – review and editing (equal). 
Michelle M McDonald: Conceptualization (supporting); 
investigation (supporting); methodology (supporting); pro-
ject administration (supporting); resources (supporting); 
writing – review and editing (equal).

ACKNOWLEDGMENTS
The authors would like to acknowledge and thank all in-
volved in patient recruitment, as well as the women in-
volved in the study from the St Vincent's Public and Private 
Hospitals, NSW. The authors would also like to acknowl-
edge the Garvan Histopathology Facility for their assis-
tance with the preparation and staining of the TMAs. Open 
access publishing facilitated by University of Wollongong, 
as part of the Wiley - University of Wollongong agreement 
via the Council of Australian University Librarians.

FUNDING INFORMATION
B.S.M was provided funding for this research from the 
School of Pharmacy and Medical Sciences at Griffith 
University. The funding source did not have any input 
into the design, conduct, analysis or interpretation of 
the study, or the production of this manuscript. EKAM 
is supported by a Researcher Exchange and Development 
in Industry (REDI) Fellowship from MTPConnect/MRFF 
Australia.

CONFLICT OF INTEREST STATEMENT
The authors declare that they have no competing interests.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are avail-
able from the Garvan Institute of Medical Research, but 
restrictions apply to the availability of these data, which 
were used under license for the current study, and so are 
not publicly available. Data are however available from 
the authors upon reasonable request and with permission 
of the Translational Breast Cancer Research Group at the 
Garvan Institute of Medical Research.

ETHICS STATEMENT
Ethics for this study was obtained from the St Vincent's 
Hospital Human Research Ethics Committee (HREC SVH 
H94/080; HREC 06336 SVH H00 036). All breast tumour 
tissue samples were obtained between February 1992 and 
August 2002.

ORCID
Bridie S. Mulholland   https://orcid.
org/0000-0003-3640-5811 
Pierre Hofstee   https://orcid.org/0000-0002-4716-4016 
Dana Bliuc   https://orcid.org/0000-0001-9682-2313 
Mark R. Forwood   https://orcid.
org/0000-0002-9963-1616 
Michelle M. McDonald   https://orcid.
org/0000-0002-3928-2506 

REFERENCES
	 1.	 Feng Y, Spezia M, Huang S, et al. Breast cancer development 

and progression: risk factors, cancer stem cells, signaling 
pathways, genomics, and molecular pathogenesis. Genes Dis. 
2018;5(2):77-106.

	 2.	 Chen W, Hoffmann AD, Liu H, Liu X. Organotropism: new in-
sights into molecular mechanisms of breast cancer metastasis. 
NPJ Precis Oncol. 2018;2(1):1-12.

	 3.	 Weilbaecher KN, Guise TA, McCauley LK. Cancer to bone: a 
fatal attraction. Nat Rev Cancer. 2011;11(6):411-425.

	 4.	 Tsang J, Tse GM. Molecular classification of breast cancer. Adv 
Anat Pathol. 2020;27(1):27-35.

	 5.	 Harbeck N, Thomssen C, Gnant M. St. Gallen 2013: brief pre-
liminary summary of the consensus discussion. Breast Care. 
2013;8(2):102-109.

	 6.	 Mulholland BS, Forwood MR, Morrison NA. Monocyte che-
moattractant protein-1 (MCP-1/CCL2) drives activation of 
bone remodelling and skeletal metastasis. Curr Osteoporos Rep. 
2019;17(6):538-547.

	 7.	 Chavey C, Bibeau F, Gourgou-Bourgade S, et al. Oestrogen re-
ceptor negative breast cancers exhibit high cytokine content. 
Breast Cancer Res. 2007;9(1):R15.

	 8.	 Fang WB, Yao M, Brummer G, et al. Targeted gene silencing 
of CCL2 inhibits triple negative breast cancer progression by 
blocking cancer stem cell renewal and M2 macrophage recruit-
ment. Oncotarget. 2016;7(31):49349-49367.

	 9.	 Hultgren EM, Patrick ME, Evans RL, Stoos CT, Egland KA. 
SUSD2 promotes tumor-associated macrophage recruitment 
by increasing levels of MCP-1 in breast cancer. PLoS One. 
2017;12(5):e0177089.

	10.	 Svensson S, Abrahamsson A, Rodriguez GV, et al. CCL2 and 
CCL5 are novel therapeutic targets for estrogen-dependent 
breast cancer. Clin Cancer Res. 2015;21(16):3794-3805.

	11.	 Fujimoto H, Sangai T, Ishii G, et al. Stromal MCP-1 in mam-
mary tumors induces tumor-associated macrophage infil-
tration and contributes to tumor progression. Int J Cancer. 
2009;125(6):1276-1284.

	12.	 Qian BZ, Li J, Zhang H, et al. CCL2 recruits inflammatory 
monocytes to facilitate breast-tumour metastasis. Nature. 
2011;475(7355):222-225.

	13.	 Dwyer R, Potter-Beirne S, Harrington K, et al. Monocyte che-
motactic protein-1 secreted by primary breast tumors stimu-
lates migration of mesenchymal stem cells. Clin Cancer Res. 
2007;13(17):5020-5027.

	14.	 Yoshimura T, Howard OM, Ito T, et al. Monocyte chemoat-
tractant protein-1/CCL2 produced by stromal cells promotes 
lung metastasis of 4T1 murine breast cancer cells. PLoS One. 
2013;8(3):e58791.

https://orcid.org/0000-0003-3640-5811
https://orcid.org/0000-0003-3640-5811
https://orcid.org/0000-0003-3640-5811
https://orcid.org/0000-0002-4716-4016
https://orcid.org/0000-0002-4716-4016
https://orcid.org/0000-0001-9682-2313
https://orcid.org/0000-0001-9682-2313
https://orcid.org/0000-0002-9963-1616
https://orcid.org/0000-0002-9963-1616
https://orcid.org/0000-0002-9963-1616
https://orcid.org/0000-0002-3928-2506
https://orcid.org/0000-0002-3928-2506
https://orcid.org/0000-0002-3928-2506


16230  |      MULHOLLAND et al.

	15.	 Wang S, Xu M, Li F, et al. Ethanol promotes mammary 
tumor growth and angiogenesis: the involvement of che-
moattractant factor MCP-1. Breast Cancer Res Treat. 
2012;133(3):1037-1048.

	16.	 Salcedo R, Ponce ML, Young HA, et al. Human endothe-
lial cells express CCR2 and respond to MCP-1: direct role 
of MCP-1 in angiogenesis and tumor progression. Blood. 
2000;96(1):34-40.

	17.	 Bonapace L, Coissieux M-M, Wyckoff J, et al. Cessation of 
CCL2 inhibition accelerates breast cancer metastasis by pro-
moting angiogenesis. Nature. 2014;515(7525):130-133.

	18.	 Kitamura T, Qian B-Z, Soong D, et al. CCL2-induced chemo-
kine cascade promotes breast cancer metastasis by enhancing 
retention of metastasis-associated macrophages. J Exp Med. 
2015;212(7):1043-1059.

	19.	 Dutta P, Sarkissyan M, Paico K, Wu Y, Vadgama JV. MCP-1 
is overexpressed in triple-negative breast cancers and drives 
cancer invasiveness and metastasis. Breast Cancer Res Treat. 
2018;170(3):477-486.

	20.	 Lebrecht A, Grimm C, Lantzsch T, et al. Monocyte chemoat-
tractant protein-1 serum levels in patients with breast cancer. 
Tumour Biol. 2004;25(1–2):14-17.

	21.	 Dehqanzada ZA, Storrer CE, Hueman MT, et al. Correlations 
between serum monocyte chemotactic protein-1 levels, 
clinical prognostic factors, and HER-2/neu vaccine-related 
immunity in breast cancer patients. Clin Cancer Res. 
2006;12(2):478-486.

	22.	 Wang H, Zhang Q, Kong H, et al. Monocyte chemotactic 
protein-1 expression as a prognosic biomarker in patients 
with solid tumor: a meta analysis. Int J Clin Exp Pathol. 
2014;7(7):3876-3886.

	23.	 Millar EK, Anderson LR, McNeil CM, et al. BAG-1 pre-
dicts patient outcome and tamoxifen responsiveness in 

ER-positive invasive ductal carcinoma of the breast. Br J 
Cancer. 2009;100(1):123-133.

	24.	 Bankhead P, Loughrey MB, Fernández JA, et al. QuPath: open 
source software for digital pathology image analysis. Sci Rep. 
2017;7(1):1-7.

	25.	 Amin MB, Edge SB, Greene FL, et al. AJCC Cancer Staging 
Manual. Springer; 2017.

	26.	 Han R, Gu S, Zhang Y, et al. Estrogen promotes progression of 
hormone-dependent breast cancer through CCL2-CCR2 axis by 
upregulation of twist via PI3K/AKT/NF-κB signaling. Sci Rep. 
2018;8(1):1-13.

	27.	 Arendt LM, McCready J, Keller PJ, et al. Obesity promotes 
breast cancer by CCL2-mediated macrophage recruitment and 
angiogenesis. Cancer Res. 2013;73(19):6080-6093.

	28.	 Mardani M, AndishehTadbir A, Khademi B, Melekzadeh M, 
Vaziri L. Decreased serum monocyte chemoattractant pro-
tein1 in salivary gland tumor patients. Asian Pac J Cancer Prev. 
2016;17(7):3601-3604.

	29.	 Masuda T, Noda M, Kogawa T, et al. Phase I dose-escalation 
trial to repurpose propagermanium, an oral CCL2 inhibitor, in 
patients with breast cancer. Cancer Sci. 2020;111(3):924-931.

	30.	 Hofstee P, James-McAlpine J, McKeating DR, Vanderlelie 
JJ, Cuffe JS, Perkins AV. Low serum selenium in pregnancy 
is associated with reduced T3 and increased risk of GDM. J 
Endocrinol. 2021;248(1):45-57.

How to cite this article: Mulholland BS, Hofstee P, 
Millar EKA, et al. MCP-1 expression in breast cancer 
and its association with distant relapse. Cancer Med. 
2023;12:16221-16230. doi:10.1002/cam4.6284

https://doi.org/10.1002/cam4.6284

	MCP-­1 expression in breast cancer and its association with distant relapse
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Clinical characteristics of cohort
	2.2|TMA preparation and scoring
	2.3|Retrospective breast cancer scoring
	2.4|Statistical analyses

	3|RESULTS
	3.1|Clinical characteristics of cohort and association with MCP-­1 expression
	3.2|Immunohistochemical analysis of MCP-­1 expression in invasive ductal carcinoma
	3.3|Low MCP-­1 expression in primary tumour associated with increased risk of breast cancer-­related death with distant relapse in ER− breast cancers but not ER+ breast cancers
	3.4|Cox proportional hazards models for determination of confounding variables
	3.5|Correlation of MCP-­1 expression in primary tumour with breast cancer stage

	4|DISCUSSION
	5|CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


