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Abstract

:

Simple Summary


Core needle biopsy (CNB) is used to diagnose clinically and/or radiologically suspicious solid foci in breast tissue. The impact of CNB on the host’s immunologic response towards the tumor has not previously been investigated in humans. We compared the activation level of the CCL2/CCR2 pathway, a critical player in the recruitment of myeloid derived suppressor cells into tumor sites, in samples from CNBs to those from the corresponding resected tumors. We found a significant upregulation of the activity post-biopsy, marked by an increased infiltration of immunosuppressive monocytes/macrophages. The underlying change in the context-dependent function of CCL2 may lead to a weakening of tumor surveillance not only in the local tumor microenvironment but also in the peripheral immune machinery. The findings promote the importance of early innate immunity, supporting interventions to further improve the prognosis of breast cancer.




Abstract


The use of core needle biopsy (CNB) as a means to verify malignancy preoperatively is a paradigm in current breast cancer care, and the risk of enhancing tumor development by this procedure has been considered insignificant. Experimental work in mice has shown preoperative biopsies to increase tumor supportive elements in the microenvironment, whereas, in humans, the impact of CNB on the host’s immunologic response has not been investigated. In this pilot study, we compared the expression of CCL2/CCR2 pathway components at the protein level in samples from CNBs to those from the corresponding resected tumors from 52 patients with primary breast cancer. We found an increased expression of CD163, CD14 and CCR2 in monocytes/macrophages and a slight decrease of CCL2 in the malignant epithelium in the tumors after the biopsy. The increased infiltration of immunosuppressive monocytes/macrophages and the decreased tumor cell CCL2 expression, presumably due to the CCR2 availability-dependent CCL2 internalization, suggest that CNB enhances the activity of the CCL2/CCR2 pathway, and this finding warrants confirmatory examination. The switch in the context-dependent role of CCL2 on the polarization of macrophages may lead to increased tumor supportive function both locally and in the peripheral immune machinery. The future directions in breast cancer should include early interventions to support the tumor surveillance of the host.
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1. Introduction


Patients with clinically and/or radiologically malignant lesions in breast tissue undergo core needle biopsy (CNB) to verify the diagnosis of invasive cancer. CNB has a high overall accuracy [1], and it is currently established as a critical part in the process of diagnosing breast tissue lesions. Malignant tumors are removed as soon as the pathologic report of the needle sample confirms the diagnosis, and investigations on the spread of the disease have been performed, typically with a delay of two to four weeks. The impact of CNB on the biology of the tumor is largely unknown. In an early study in breast cancer comparing excision surgery only to excision preceded by needle biopsy, no difference in prognosis between the groups was detected [2]. Both fine needle biopsy (FNAB) and CBN have been shown to induce tumor cell seeding in needle tracts and/or blood and lymph vessels [3,4,5,6,7]. An increase in the sentinel node and late occurring distant metastases in patients that had undergone CNB as compared to those diagnosed by FNB was described by Hansen et al. [7] and Sennerstam et al. [8], while Liikanen et al. [3] showed no difference. Dislodging neoplastic cells from tumors during biopsy is supported by their lack of cohesiveness, and loose tumor cells may also end up in the circulation or lymphatic system. Although the viability of the displaced tumor cells has been reported as low, a risk of implantation metastases has not been entirely excluded [9,10,11,12]. The possible change in the microenvironment of a tumor after biopsy has not been explored in humans. In a controlled study of mice, a needle biopsy significantly increased the frequency of distant metastases, and the inflammation induced by the procedure was determined to be the causative factor [13]. We have previously shown that tumor-supporting elements in the microenvironment of breast cancer increase during tumor progression [14]. The activation of the complementary pair of CCR2/CCL2 and/or CCR5/CCL5 and the resulting CD14+ monocyte count increase form the hallmark of human inflammatory disease in general [15]. They are also an established feature in malignancies, especially in breast cancer [16]. In this study, we compared samples from 52 pairs of CNB and the corresponding tumors excised after biopsy to detect and analyze the possible differences in the tumor microenvironment that emerged during the 8–82-day time period that elapsed between biopsy and surgery. The expression of CCL2 at the protein level in tumor cells and the microenvironment and the frequency of CCR2, DC163 and CD14 protein-expressing monocytes/macrophages were evaluated.




2. Materials and Methods


2.1. Patients and Tissue Samples


Paraffin-embedded tissue blocks from the diagnostic core needle biopsies (CNB) from primary breast cancers of 52 patients and their corresponding surgically resected tumors (tumor) were collected from the archives of the Department of Pathology of the University Hospital of Helsinki. The tumors were resected during the year 2016. The time lapse between the CNB and the surgical excision varied between 8 and 82 days (mean 28 days, median 25 days). The sizes of the tumors varied from 4.5 mm to 50.0 mm (mean 20.8 mm, median 20.0 mm).



The clinicopathological characteristics and the information regarding tumor-related prognostic parameters were derived from the reports of the Department of Pathology of the University Hospital of Helsinki. The ER, PR, HER2 and Ki67 expression data and the histological specificity and the grade of the tumor were recorded based on the analysis of the biopsy. In two cases, the nodal status was not reported. The data are summarized in Table 1. This study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Ethics Committee of the Hospital District of Helsinki and Uusimaa (HUS/861/2020).




2.2. Immunohistochemistry


Four-micron-thick sections of the paraffin-embedded (PE) tissue blocks were deparaffinized in xylene and rehydrated. To block endogenous peroxidase, the slides were treated in a PT module (LabVision UK Ltd., Suffolk, UK) in Tris-HCL buffer (pH 8.5) for 20 min at 98 °C and with 0.3% Dako REAL Peroxidase Blocking Solution (Agilent Technologies, Santa Clara, CA, USA) for 15 min. Immunostaining was performed in Auto Stainer 480 (Lab Vision Thermo Scientific Ltd., Cheshire, UK) by exposing to primary antibodies: monoclonal mouse antibodies anti-MCP-1/CCL2 clone 2 dB, dilution 1:5000 (LifeSpan BioSciences, Inc., Seattle, WA, USA), anti-CD14 clone 7, dilution 1:50 (Lab Vision Corporation, Fremont, CA, USA), anti-CD163 clone 10D6, dilution 1:200 (Leica Biosystems Newcastle Ltd., Newcastle upon Tyne, UK) and anti-CCR2 clone 7A7, dilution 1:500 (LifeSpan BioSciences, Inc., Seattle, WA, USA), followed by a 30-min incubation with Dako REAL™ EnVision™ Detection System, Peroxidase/DAB+ using mouse/rabbit code K5007 EnVision reagent (Agilent Technologies, Santa Clara, CA, USA). Washing with PBS 0.04%–Tween 20 took place between each step. Sections were counterstained with Mayer’s hematoxylin and mounted in mounting medium.



Double staining CD163/CCR2 was started with a 60-min incubation with anti-CD163 mouse monoclonal clone 10D6, pH 9, at the dilution of 1:200, followed by incubation with Dako EnVision FLEX/HRP detection reagent (SM802) (K8000) for 30 min. Visualization was done by EnVision FLEX Substrate Buffer (SM803) incubation for 10 min. The slides were then treated with sulphuric acid 0.3 M (GC203, Agilent) for 3 min, followed by incubation with anti-CCR2 monoclonal mouse clone 7A7, pH 9, at the dilution of 1:500 for 30 min. Antigen detection was performed by incubation with Dako EnVision FLEX/HRP detection reagent (SM802) (K8000) for 30 min and visualization by AEC10HPP Magenda.



For ER, PR and Ki67/MIB1, the percentage of marker-positive tumor cells (range 0–100%) was derived from the archive of the University Hospital of Helsinki. Only tumors with HER2 gene amplification were recorded as HER2-positive.




2.3. Evaluation of the Staining Results


The expression of CCL2 in the samples was recorded as the fraction of strongly positive epithelial (tumor) cells, based on 3–5 views/sample: 0 = negative, 1 = 5%–33% positive cells, 2 = 34%–66% positive cells and 3 = 67%–100% positive cells. The criteria for a strong staining were a bright label both in the Golgi apparatus and cytoplasm and a heavy accumulation on the cell membrane. In the surrounding stroma, a fraction of lymphocytes expressed CCL2, and the percentage/score of CCL2-positive cells was recorded accordingly.



The expression of CCR2 was recorded as the number of positive macrophages per 40× view, based on the mean of 3–5 views. The CCR2-positive monocytes/macrophages were located in the tumor surrounding stroma and, less often, in close contact with the tumor cells. Both locations were evaluated separately.



The amount of CD163 and CD14-positive monocytes/macrophages was recorded as the number of cells per 40× view, based on the mean of 3–5 views. The stroma surrounding the tumor and the intratumoral stroma, where the macrophages were in close contact with the tumor cells, were evaluated separately.




2.4. Statistical Methods


All statistical analyses were performed using SPSS 24.0 for Windows (SPSS Incorporation, Chicago, IL, USA). The differences between the expression of the markers in the CNBs and the corresponding resected tumors were tested using the paired samples t-test. For analyzing the association of the expression of the markers with the clinicopathologic parameters ER, PR, Ki67 and HER2, we used the categorical two-tailed Pearson’s chi-square test. For the Pearson’s chi-square tests, the cutoff point for negativity vs. positivity was <+2 vs. ≥+2 for CCL2 and <median vs. ≥median for CD163, CD14 and CCR2. For ER and PR, the cutoff point for positivity was 1%, and for Ki67, ≥30%. For HER2, only tumors with positive gene amplification were considered positive. Probability values p < 0.05 were considered significant.



To detect the possible impact of the tumor size, time lapse between biopsy and tumor resection, histology of the tumor and the other clinicopathological prognostic markers on the difference in the expression of CCL2, CCR2, CD163 and CD14 in CNBs vs. resected tumors, paired t-tests were also run separately on small (<median) and large (≥median) tumors; on quickly (<median) and with delay (≥median) resected tumors; on ductal and lobular tumors and on PR+ and PR−, Ki67+ and Ki67−, node+ and node- and grade 1 and grade 2 to 3 tumors. ER+ and ER− and HER2+ and HER2− tumors were not compared separately due to the low number of ER− (4) and HER2+ (5) tumors in the material. CNBs vs. resected tumor differences were also evaluated separately in patients <50 years of age and those ≥50 years.





3. Results


3.1. Distribution of the CCL2/CCR2 Pathway Components


CCL2, CCR2, CD163 and CD4 were all widely expressed at the protein level in the samples from both the CNBs and resected tumors. CCL2 expression was detected in the entirety of the malignant epithelial cells and, additionally, in a fraction of lymphocytes in the stroma. CCR2, CD163 and CD14 were expressed in monocytes/macrophages in the peripheral stroma of the tumor and, to a lesser extent, in the intratumoral stroma and in close contact with the cancer cells. We also found the expression of CD163 in the epithelial tumor cells in one pair of a CNB and the corresponding excised tumor. The tumor cells did not express CCR2 nor CD14.




3.2. Localization of the CCL2/CCR2 Pathway Marker-Positive Monocytes/Macrophages in Tumors


The CD163 and CD14-positive cells were more frequent in the peripheral stroma of the tumor than in the intratumoral stromal streaks both in the CNBs and resected tumors. CCR2-positive cells were extremely infrequent intratumorally in the biopsies, and their number was low intratumorally in the resected tumors as well. In the peripheral stroma in both the biopsies and resected tumors, they were significantly more abundant (Figure 1).



Double staining showed that CCR2 and CD163-positive monocytes/macrophages were partially overlapping but separate cell populations, CCR2-positive cells primarily occupying the peripheral stroma and CD163-positive also invading among the tumor cells (Figure 2).




3.3. CNB-Induced Changes in the Expression of CCL2, CCR2, CD163 and CD14


CCL2, CCR2, CD163 and CD14 showed significantly different levels of expression in the biopsies as compared to the corresponding resected tumors.



CCL2 was expressed in 100% of the epithelial tumor cells, both in the samples from CNBs and excised tumors, while the level of expression varied. The frequency of strongly positive malignant epithelial cells was higher in the CNBs than in the tumors after biopsy (score 2.2 vs. 1.8, p = 0.001, Figure 3A,B). Although significant in the entire material, the difference between the CNB and resected tumor was insignificant in low grade, small and PR-negative tumors (Table 2).



Stromal lymphocytes also expressed CCL2. The percentage of CCL2-positive lymphocytes was lower in the CNBs and increased after biopsy (score 0.6 vs. 1.6 in the excised tumors (p = 0.001, Figure 3A). The increase of CCL2-positive lymphocytes was independent of the clinicopathological prognostic markers and the age of the patient (Table 2).




3.4. Expression of CD163, CD14 and CCR2


CD163 was abundantly expressed at the protein level in both intratumoral and stromal monocytes/macrophages. Both intratumorally and in the stroma, the number of CD163-positive monocytes/macrophages was significantly higher in the excised tumors than in the corresponding CNBs. The intratumoral means of the CD163-positive cells per 40× field of vision were 22.5 in the CNBs and 41.3 in the corresponding excised tumors, and in the stroma, the means were 29.2 and 55.8, respectively. (p = 0.001, Figure 4a,b). The difference in the expression between the biopsies and the corresponding resected tumors was independent of the time lapse, histology, tumor-related prognostic parameters and the age of the patient, with the exception of the PR-negative tumors, where the intratumoral increase of the CD163-positive cells did not reach statistical significance (Table 2).



CD14 was expressed at the protein level in both intratumoral and stromal monocytes/macrophages, although less abundantly than CD163. In both locations, the frequency of CD14-positive cells was higher in the excised tumors than in the biopsies. The intratumoral means of CD14-positive cells per 40× field of vision were 12.7 in the CNBs and 22.1 in the corresponding excised tumors (p = 0.001). The stromal means were 17.8 and 30.2, respectively, p = 0.001, Figure 4a,b). Intratumorally, the difference between the CNBs and the corresponding resected tumors did not reach statistical significance in the tumors with lobular histology, PR negativity and a low grade. Tumors with a high expression of Ki67 also presented an insignificant increase in intratumoral CD14-positive cells in the tumors. The stromal increase of the CD14-positive cells after a biopsy was independent of time lapse, histology, tumor-related prognostic parameters and the age of the patient (Table 2).



CCR2 was expressed in monocytes/macrophages located in the surrounding stroma, whereas the intratumoral monocytes were less often positive for CCR2. The number of positive monocytes in the peripheral stroma was significantly higher in the excised tumors than in the corresponding CNBs (mean of the positive cells per 40× view in the CNBs was 13.6 and, in excised tumors, 35.8, p = 0.001, Figure 4a,b). The difference between CNB and a tumor was independent of the clinicopathological prognostic markers and the age of the patient (Table 2). In the intratumoral stroma and in close vicinity of malignant cells, the number of CCR2-positive monocytes was few but slightly more numerous in the resected tumors (mean of the positive cells in 40× view was 10.4) than in the corresponding biopsies (mean 9.8), the difference not being significant (Figure 4a). In tumors resected ≥25 days after the biopsy was taken, the increase of the CCR2-positive monocytes/macrophages intratumorally in the resected tumors was more pronounced than in the whole set of cases (p = 0.053, Table 2).



Due to the small size of the cohort, the possible predictive value of the CCL2 gradient at the baseline could not be computed. The expression level of CCL2 in the tumor cells in the biopsies was ≥median in 46/52 samples.




3.5. Correlation of the CCL2/CCR2 Pathway Marker Expression with Clinicopathologic Parameters of the Tumors


The CCL2 expression in stromal lymphocytes correlated positively with the size of the resected tumor (p = 0.027) and with the high expression of Ki67 (p = 0.048). In the biopsies, the expression level was independent on the prognostic markers (Table 3).



In the biopsies, DC163-positive cells were intratumorally more abundant in node-negative vs. node-positive tumors (p = 0.042), in ductal vs. lobular tumors (p = 0.029) and in tumors with a high vs. low expression of Ki67 (p = 0.008). In the peripheral stroma, a high frequency of CD163-positive cells was associated with a high grade of the tumor (p = 0.032).



In the resected tumors, CD163-positive cells were more abundant in the intratumoral stroma in the ductal than the lobular tumors (p = 0.032) and in tumors with a high Ki67 expression (p = 0.008). In the peripheral stroma, CD163-positive cells were more abundant in the tumors with ductal histology (p = 0.032) and with a high expression of Ki67 (p = 0.008) (Table 3).



The number of intratumoral CD14-positive cells was high in CNBs with a high expression of Ki67 (p = 0.012) and in resected tumors of high grade (2 to 3) (p = 0.023) (Table 3).



The expression level of CCR2 was more abundant in the stroma of the biopsies from tumors with a high Ki67 expression (p = 0.012) and those negative for PR (p = 0.029). In the resected tumors, negative PR was associated with a high number of CCR2-positive myeloid suppressive cells in the stroma (p = 0.011) (Table 3).





4. Discussion


4.1. Aims of the Study


Cancer has been shown to reprogram the myelopoiesis and to facilitate the proliferation of an immature myeloid cell population [17]. The CCL2/CCR2 pathway has emerged as a critical player, especially in breast cancer, in the recruitment of circulating myeloid-derived suppressor cells (MDSC) in tumor sites [18]. Cancer induction and progression involve the development of a tumor-supporting microenvironment with infiltrating myeloid immune cells, increased angiogenesis and an accumulation of fibroblasts. These components are characteristic of inflammation as well. Needle biopsy represents an inflammation-inducing trauma in the tumor and may potentially change the immunological balance between the host and the tumor. The impact of a biopsy on primary breast cancer tissue has not previously been investigated in humans. In an experimental study, tumors from biopsied mice were shown to contain an increased frequency of myeloid-derived suppressor cells (MDSCs) accompanied by a reduced number of CD4+ T cells and CD8+ T, as compared to tumors excised without core needle sampling. Epithelial–mesenchymal transition-related genes were also upregulated after the biopsy [13]. In the current study, we compared samples from core needle biopsies from primary breast cancers to those from the corresponding tumors excised 8–82 days after the biopsy to evaluate the differences CNB may induce in the tumor microenvironment. We focused on the activity of the CCL2/CCR2 pathway and on the infiltration of CCR2, CD163 and CD14-positive monocytes/macrophages, known to be recruited via the CCL2 gradient.




4.2. Expression of CCL2


The expression of CCL2 was uniform in our study: all malignant epithelial cells in the CNBs and resected tumors were stained positively. A high expression of CCL2 in the tumors was shown to correlate with a poor prognosis [19,20]. We found a fraction of stromal lymphocytes also expressing CCL2, which is in accordance with previous reports of CCL2 being produced not only by tumor cells themselves but also by stromal cells in response to various inflammatory stimuli [21,22,23,24]. We found the number of highly CCL2 positive cancer cells higher in the CNBs, while the fraction of CCL2-positive lymphocytes was significantly higher in post-biopsy resected tumors. These changes are supposedly due to the trauma-induced inflammation in cancer stroma, rebalancing the transcriptional control of the expression of CCL2 from tumor cell-mediated mTORC1-regulated towards inflammation-mediated nuclear factor (NF) kB-dependent adjustment [25,26]. According to previous data, the downstream effects of a change in the expression of CCL2 modify the host’s immune response to the malignancy widely and tumor developmental status dependently: experimental works in breast cancer have suggested that CCL2 facilitates the immunosurveillance of small neoplastic lesions and promotes the growth of neoplastic lesions that have reached a certain critical status [27]. CCL2 directs context-dependently and according to the availability of CCR2 the M1–M2 polarization of macrophages [28,29] and divides its effects into peripheral and a tumor-specific components. The biopsy-induced changes in the expression pattern of CCL2 in the tumors shown in our study may mark a point of progression in the developmental status of the tumors. This important signal warrants confirmation in a larger study where different types of tumors can be separately analyzed and the possible intratumoral heterogeneity-induced sampling bias can be addressed.




4.3. Infiltration of CD163, CD14 and CCR2-Positive Monocytes/Macrophages


CCL2 regulates the recruitment of myeloid suppressor cells mainly by signaling to CCR2 receptors [30,31]. Macrophages present during the late stage of repair predominantly have an M2 gene expression profile (i.e., IL-10, CD163 and CD206) [32], whereas early invading monocytes in cancer sites are CCR2-positive [33]. CD163 and CCR2-positive cells represent two partially overlapping subsets with different phases of development in the tumor microenvironment. Accordingly, in our study, CCR2 and CD163-positive cells differed in numbers and in location, CCR2-positive cells primarily occupying the peripheral stroma of the tumor and CD163 expressing cells being found both in the stroma and also in the vicinity of the tumor cells. The frequency of CCR2 and CD163-positive monocytes/macrophages in both locations was higher in the excised tumors than in the corresponding biopsies. The appearance of a high number of CCR2-positive cells in the tumors surrounding stroma after biopsy was notable and seemingly reflects the change in the CCL2 gradient, recruiting immature myeloid-suppressive cells to the site. After local proliferation and maturation, these cells become tumor-associated macrophages (TAMs), with a tumor-supporting role [34]. In the same way, CD14-positive immature myeloid cells infiltrate tissues along the CCL2 gradient. Patients with breast cancer have been reported to have higher numbers of circulating monocytes with an altered surface marker expression CD14+ HLA-DR−/low compared with healthy individuals [35]. These immature monocytes have been reported to induce a systemic immunosuppression by inhibiting T-cell proliferation and dendritic cell maturation [36]. Their cell count has been suggested to serve as a surrogate of CCL2/CCR2 pathway activation [37]. In our study, CD14 positive monocytes/macrophages were found both in the stroma and intratumorally in biopsies and resected tumors, although less abundantly than CD163-positive cells. Their numbers increased after biopsy in both locations. The significant post-biopsy increase in the CD14-positive cell count in the tumor tissues reflects a CNB-induced acceleration of the activity of the CCL2/CCR2 axis. According to the previous data, this may worsen the prognostic expectation.




4.4. Impact of Clinicopathological Prognostic Markers on CNB-Induced Activation of the CCL2/CCR2 Axis


The CNB-induced increase in the activation level of the CCL2/CCR2 axis in tumors was largely independent on of time lapse, histology and tumor-related prognostic parameters, although the association of the CCL2/CCR2 pathway components with previously known adverse prognostic signs was recapitulated [38,39,40,41,42,43].



Small and less aggressive tumors had a tendency of slightly smaller increases in the intratumoral infiltration of CD163, CD14 and CCR2-positive monocytes/macrophages as compared to the undivided materials, probably due to a lower developmental status of these tumors. PR-negative tumors showed less pronounced increases in the CD163 and CD14-positive monocytes/macrophages intratumorally, which seems to be based on the high expression of CD163 and CD14 in this location already in the biopsies. PR-negative tumors may represent a subset where the immune response differs from that of the more common types of breast cancer. A larger study on this tumor category is warranted. ER-negative and HER2-positive tumors were not sufficiently represented in our materials, and the possible specificity in the response to CNB in these categories also remains to be resolved. An internal analysis showed that the increase of the expression of all the markers after biopsy was independent on the expression level in the CNB (data not shown). Based on this small cohort, a possible predictive value of the activation level of the CCL2/CCR2 pathway in CNBs on biopsy-induced changes cannot be definitively excluded.




4.5. Future Directions


The recent quick development of the field of tumor immunology has highlighted the impact of the host’s immune system in the prognosis of cancer. The CCL2/CCR2 pathway is emerging as one of the critical components of tumor development and progression [44,45]. Interventions aiming at inhibiting the pathway and/or the downstream events are being explored. Deleting CCL2/CCR2 signaling has been shown to suppress the recruitment of macrophages and to decrease the growth, survival and invasion of breast tumor xenografts [33,46]. It has been estimated that blocking the CCL2/CCR2 axis could reduce the overall incidence of tumors by preventing TAM recruitment and, therefore, enhancing the antitumor efficacy of CD8+ T cells [47]. Numerous protein-, antibody- and small molecule-based antagonists of the CCL2/CCR2 pathway are being tested [48,49,50], and less specific macrophage-depleting and innate immune response-activating treatments are being developed [48,51,52,53,54]. The results of our study in breast cancer support the previous data and provide a new aspect in the evolving picture. A larger study to confirm the results in different types of tumors and to investigate the downstream effects of the activation of the CCL2/CCR2 pathway, such as the quantity and quality of tumor-infiltrating lymphocytes, is needed. Our findings provide a signal suggesting that attenuating the CCL2/CCR2 axis very early in breast cancer care might maximize the improvement of the prognosis. Increasing the use of neo-adjuvant therapy is likely to partially answer this need, many of the regimens being highly immunomodulatory [55].





5. Conclusions


In conclusion, our study showed an early activation of the CCL2/CCR2 pathway in primary breast cancer and a significant tumor type and stage-independent increase in the activity after CNB, marked by an acceleration of the infiltration of CD163, CD14 and CCR2-positive monocytes/macrophages. Our data suggest that CNB has a role in the development of the tumor microenvironment by switching the transcriptional regulation of CCL2 expression. This preliminary pilot work gives an important signal, although, due to the heterogeneity and small size of the cohort, further investigation is needed to confirm this result. Given the dual effect of the CCL2/CCR2 axis in tumor progression, an impact on the peripheral immune machinery is possible, further increasing the importance of a better understanding of the tumor microenvironmental changes a biopsy can induce. Early interventions to attenuate the activity of the CCL2/CCR2 axis may be warranted.
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Figure 1. The means +/− SEM of the number of CD163, CD14 and CCR2-positive monocytes/macrophages per ×40 view intratumorally (i) and in the stroma (str) in samples from CNBs (CNB) and the corresponding resected tumors (tumor), and the difference between intratumoral and stromal abundance is shown. Paired t-test was used. 






Figure 1. The means +/− SEM of the number of CD163, CD14 and CCR2-positive monocytes/macrophages per ×40 view intratumorally (i) and in the stroma (str) in samples from CNBs (CNB) and the corresponding resected tumors (tumor), and the difference between intratumoral and stromal abundance is shown. Paired t-test was used.



[image: Onco 02 00001 g001]







[image: Onco 02 00001 g002 550] 





Figure 2. Double staining of a sample of a resected primary breast cancer. CD163-positive monocytes/macrophages visualized by EnVisio FLEX Substrate buffer SM803 (brown) and CCR-positive by AEC10HPP (magenta). Magnification 20×. 
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Figure 3. (A) The difference in the scored (0–3) percentage of strongly CCL2-positive malignant epithelial cells in samples from CNBs (CNB CA EPITH) vs. the corresponding resected tumors (TUMOR CA EPITH), and the difference in the scored (0–3) percentage of CCL2-positive stromal lymphocytes in CNBs (CNB LYMPH) vs. in the corresponding tumors (TUMOR LYMPH). Paired t-test was used. (B) Expression of CCL2 in a malignant epithelium in primary breast cancer: (a) CNB and (b) the corresponding resected tumor magnification 40×. 
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Figure 4. (a) The means +/− SEM of the number of CD163, CD14 and CCR2-positive monocytes/macrophages per 40× view intratumorally (i) and in the stroma (str) in samples from CNBs (CNB) and the corresponding resected tumors (tumor). Difference between CNB vs. the corresponding resected tumor is shown. Paired t-test was used. (b) CD163, CD14 and CCR2 expression in primary breast cancer in CNBs and corresponding resected tumors. Magnification 20×. 
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Table 1. Clinicopathological characteristics.
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	age at surgery
	<50 year
	≥50 year



	
	9 (17.3%)
	43 (82.7%)



	nodal metastases 1
	−
	+



	
	23 (44.2%)
	27 (51.9%)



	tumor size
	<20 mm
	≥20 mm



	
	26 (50%)
	26 (50%)



	grade
	1
	2–3



	
	11 (21.2%)
	41 (78.8%)



	ER status
	−
	+



	
	4 (7.7%)
	48 (92.3%)



	PR status
	−
	+



	
	10 (19.2%)
	42 (80.8%)



	Ki67 expression
	<30%
	≥30%



	
	31 (59.6%)
	21 (40.4%)



	HER2 status
	−
	+



	
	47 (90.4%)
	5 (9.6%)



	Histology 2
	ductal
	lobular



	
	25 (48.1%)
	24 (46.2%)



	age at surgery
	<50 year
	≥50 year



	
	9 (17.3%)
	43 (82.7%)



	nodal metastases 1
	−
	+



	
	23 (44.2%)
	27 (51.9%)



	tumor size
	<20 mm
	≥20 mm



	
	26 (50%)
	26 (50%)



	grade
	1
	2–3



	
	11 (21.2%)
	41 (78.8%)



	ER status
	−
	+



	
	4 (7.7%)
	48 (92.3%)



	PR status
	−
	+



	
	10 (19.2%)
	42 (80.8%)



	Ki67 expression
	<30%
	≥30%



	
	31 (59.6%)
	21 (40.4%)



	HER2 status
	−
	+



	
	47 (90.4%
	5 (9.6%)



	Histology 2
	ductal
	lobular



	
	25 (48.1%)
	24 (46.2%)







1 Nodal status was not reported in two cases. 2 The histology of three tumors was non-ductal/lobular: tubular (1), mucinous (1) and micropapillary (1).
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Table 2. Impact of clinicopathological features of the tumors, the biopsy-to-tumor resection delay, and the age of the patient on the biopsy-induced changes in the expression of CCL2, CD14, CD163 and CCR2. The difference in the scored (0–3) percentage of strongly CCL2 positive malignant epithelial cells (CCL tumor) in samples from CNBs (C) vs corresponding resected tumors (T), the difference in the scored (0–3) percentage of CCL2 positive stromal lymphocytes (CCL2 lymph) in CNBs (C) vs. in corresponding tumors (T), and the difference between CNB (C) vs corresponding resected tumor (T) with regard to the means of CD163, CD14 and CCR2 positive monocytes/macrophages per 40× view intratumorally (i) and in the stroma (str) in the whole material and, for comparison, in specified subsets are shown. Paired t-test was used (p = p-value) N = number of cases.
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Nodal Involvement; Node Negative = n−, Node Positive = n+




	

	
All

N

	
C

	
T

	
p

	
n−

N

	
C

	
T

	
p

	
n+

N

	
C

	
T

	
p






	
CCL2 tumor

	
49

	
2.3

	
1.9

	
0.001

	
23

	
2.3

	
1.9

	
0.032

	
26

	
2.3

	
1.8

	
0.006




	
CCL2 lymph

	
49

	
0.63

	
1.7

	
0.001

	
23

	
0.61

	
1.7

	
0.001

	
26

	
0.65

	
1.7

	
0.001




	
CD14 i

	
49

	
12.7

	
22.1

	
0.001

	
22

	
14.7

	
28.3

	
0.008

	
27

	
11.7

	
18.5

	
0.004




	
CD14 str

	
49

	
17.8

	
30.2

	
0.001

	
22

	
20.9

	
28.9

	
0.004

	
27

	
16.3

	
32.0

	
0.001




	
CD163 i

	
50

	
22.5

	
41.3

	
0.001

	
23

	
23.5

	
44.6

	
0.001

	
27

	
22.3

	
40.0

	
0.001




	
CD163 str

	
50

	
29.2

	
55.8

	
0.001

	
23

	
32.5

	
54.8

	
0.002

	
27

	
28.0

	
57.8

	
0.001




	
CCR2 i

	
50

	
9.8

	
10.4

	
0.666

	
23

	
8.8

	
9.5

	
0.720

	
27

	
11.3

	
11.7

	
0.807




	
CCR2 str

	
50

	
13.6

	
35.8

	
0.001

	
23

	
15.7

	
37.8

	
0.001

	
27

	
12.5

	
35.2

	
0.001




	
Tumor size <20 mm vs. ≥20 mm




	

	
All

N

	
C

	
T

	
p

	
<20 N

	
C

	
T

	
p

	
≥20 N

	
C

	
T

	
p




	
CCL2 tumor

	
51

	
2.3

	
1.8

	
0.001

	
25

	
2.1

	
1.8

	
0.053

	
26

	
2.4

	
1.9

	
0.001




	
CCL2 lymph

	
51

	
0.63

	
1.7

	
0.001

	
25

	
0.56

	
1.4

	
0.001

	
26

	
0.7

	
1.9

	
0.001




	
CD14 i

	
51

	
12.7

	
22.1

	
0.001

	
25

	
11.3

	
23.2

	
0.003

	
26

	
14.0

	
21.1

	
0.026




	
CD14 str

	
51

	
17.8

	
30.2

	
0.001

	
25

	
17.4

	
29.5

	
0.001

	
26

	
18.3

	
31.0

	
0.001




	
CD163 i

	
52

	
22.5

	
41.3

	
0.001

	
26

	
19.7

	
42.5

	
0.001

	
26

	
25.3

	
40.0

	
0.001




	
CD163 str

	
52

	
29.2

	
55.8

	
0.001

	
26

	
28.2

	
54.4

	
0.001

	
26

	
30.2

	
57.1

	
0.001




	
CCR2 i

	
52

	
9.8

	
10.4

	
0.613

	
26

	
8.7

	
11.5

	
0.139

	
26

	
10.8

	
9.4

	
0.434




	
CCR2 str

	
52

	
13.6

	
35.8

	
0.001

	
26

	
13.5

	
32.7

	
0.001

	
26

	
13.7

	
38.8

	
0.001




	
Gradus 1 vs. Gradus 2–3




	

	
All

N

	
C

	
T

	
p

	
G1

N

	
C

	
T

	
p

	
G2–3

N

	
C

	
T

	
p




	
CCL2 tumor

	
51

	
2.3

	
1.8

	
0.001

	
11

	
2.2

	
2.0

	
0.506

	
40

	
2.3

	
1.8

	
0.001




	
CCL2 lymph

	
51

	
0.63

	
1.7

	
0.001

	
11

	
0.27

	
1.3

	
0.001

	
40

	
0.73

	
1.8

	
0.001




	
CD14 i

	
51

	
12.7

	
22.1

	
0.001

	
11

	
8.2

	
20.5

	
0.064

	
40

	
13.9

	
22.6

	
0.001




	
CD14 str

	
51

	
17.8

	
30.2

	
0.001

	
11

	
11.8

	
22.5

	
0.020

	
40

	
19.5

	
32.4

	
0.001




	
CD163 i

	
52

	
22.5

	
41.3

	
0.001

	
11

	
17.1

	
35.0

	
0.001

	
41

	
23.1

	
42.9

	
0.001




	
CD163 str

	
52

	
29.2

	
55.8

	
0.001

	
11

	
18.2

	
44.5

	
0.017

	
41

	
32.1

	
58.8

	
0.001




	
CCR2 i

	
52

	
9.8

	
10.4

	
0.613

	
11

	
5.4

	
6.5

	
0.319

	
41

	
11.0

	
11.5

	
0.752




	
CCR2 str

	
52

	
13.6

	
35.8

	
0.001

	
23

	
10.3

	
23.2

	
0.005

	
41

	
14.5

	
39.1

	
0.001




	
Ductal vs. Lobular




	

	
All

N

	
C

	
T

	
p

	
Ductal

N

	
C

	
T

	
p

	
Lobular

N

	
C

	
T

	
p




	
CCL2 tumor

	
51

	
2.3

	
1.8

	
0.001

	
28

	
2.2

	
1.7

	
0.010

	
23

	
2.3

	
1.9

	
0.002




	
CCL2 lymph

	
51

	
0.63

	
1.7

	
0.001

	
28

	
0.79

	
1.8

	
0.001

	
23

	
0.43

	
1.5

	
0.001




	
CD14 i

	
51

	
12.7

	
22.1

	
0.001

	
27

	
12.3

	
24.2

	
0.001

	
24

	
13.0

	
19.8

	
0.055




	
CD14 str

	
51

	
17.8

	
30.2

	
0.001

	
27

	
18.5

	
31.9

	
0.001

	
24

	
17.1

	
28.3

	
0.001




	
CD163 i

	
52

	
22.5

	
41.3

	
0.001

	
28

	
24.4

	
46.3

	
0.001

	
24

	
20.2

	
35.4

	
0.004




	
CD163 str

	
52

	
29.2

	
55.8

	
0.001

	
28

	
32.8

	
61.4

	
0.001

	
24

	
25.0

	
49.2

	
0.001




	
CCR2 i

	
52

	
9.8

	
10.4

	
0.613

	
28

	
11.8

	
11.4

	
0.860

	
24

	
7.5

	
9.3

	
0.238




	
CCR2 str

	
52

	
13.6

	
35.8

	
0.001

	
28

	
16.2

	
39.1

	
0.001

	
24

	
10.6

	
31.9

	
0.001




	
Ki67/MIB <30% vs. ≥30%




	

	
All

N

	
C

	
T

	
p

	
MIBlow

N

	
C

	
T

	
p

	
MIBhigh

N

	
C

	
T

	
p




	
CCL2 tumor

	
51

	
2.3

	
1.8

	
0.001

	
31

	
2.2

	
1.8

	
0.001

	
20

	
2.3

	
1.9

	
0.034




	
CCL2 lymph

	
51

	
0.63

	
1.7

	
0.001

	
31

	
0.2

	
1.8

	
0.001

	
20

	
0.85

	
1.9

	
0.001




	
CD14 i

	
51

	
12.7

	
22.1

	
0.001

	
31

	
10.4

	
21.8

	
0.001

	
20

	
16.3

	
22.6

	
0.118




	
CD14 str

	
51

	
17.8

	
30.2

	
0.001

	
31

	
14.7

	
25.7

	
0.001

	
20

	
22.8

	
37.3

	
0.001




	
CD163 i

	
52

	
22.5

	
41.3

	
0.001

	
31

	
19.4

	
32.9

	
0.001

	
21

	
27.0

	
53.7

	
0.001




	
CD163 str

	
52

	
29.2

	
55.8

	
0.001

	
31

	
21.1

	
45.2

	
0.001

	
20

	
41.1

	
71.4

	
0.001




	
CCR2 i

	
52

	
9.8

	
10.4

	
0.613

	
31

	
7,2

	
9.6

	
0.052

	
21

	
13.5

	
11.7

	
0.488




	
CCR2 str

	
52

	
13.6

	
35.8

	
0.001

	
31

	
11.2

	
25.8

	
0.001

	
21

	
17.2

	
50.5

	
0.001




	
Time lapse from biopsy to tumor resection <25 days vs. ≥25 days




	

	
All

N

	
C

	
T

	
p

	
<25 N

	
C

	
T

	
p

	
≥25 N

	
C

	
T

	
p




	
CCL2 tumor

	
51

	
2.3

	
1.8

	
0.001

	
22

	
2.3

	
1.9

	
0.018

	
29

	
2.2

	
1.7

	
0.003




	
CCL2 lymph

	
51

	
0.63

	
1.7

	
0.001

	
22

	
0.60

	
1.5

	
0.001

	
29

	
0.66

	
1.7

	
0.001




	
CD14 i

	
51

	
12.7

	
22.1

	
0.001

	
23

	
12.7

	
22.9

	
0.009

	
28

	
12.6

	
21.5

	
0.009




	
CD14 str

	
51

	
17.8

	
30.2

	
0.001

	
23

	
18.0

	
30.7

	
0.001

	
28

	
17.7

	
29.9

	
0.001




	
CD163 i

	
52

	
22.5

	
41.3

	
0.001

	
23

	
21.6

	
42.4

	
0.001

	
29

	
23.1

	
40.3

	
0.001




	
CD163 str

	
52

	
29.2

	
55.8

	
0.001

	
23

	
37.0

	
57.2

	
0.001

	
29

	
23.0

	
54.7

	
0.001




	
CCR2 i

	
52

	
9.8

	
10.4

	
0.613

	
23

	
11.3

	
9.8

	
0.528

	
29

	
8.5

	
10.9

	
0.053




	
CCR2 str

	
52

	
13.6

	
35.8

	
0.001

	
23

	
13.3

	
35.7

	
0.001

	
29

	
13.9

	
35.9

	
0.001




	
Age <50 year vs. ≥50 year




	

	
All

N

	
C

	
T

	
p

	
<50

N

	
C

	
T

	
p

	
≥50

N

	
C

	
T

	
p




	
CCL2 tumor

	
51

	
2.3

	
1.8

	
0.001

	
8

	
2.4

	
2.0

	
0.25

	
43

	
2.2

	
1.8

	
0.001




	
CCL2 lymph

	
51

	
0.63

	
1.7

	
0.001

	
8

	
0.6

	
1.4

	
0.04

	
43

	
0.63

	
1.7

	
0.001




	
CD14 i

	
51

	
12.7

	
22.1

	
0.001

	
9

	
8.3

	
22.6

	
0.06

	
42

	
13.6

	
22.0

	
0.002




	
CD14 str

	
51

	
17.8

	
30.2

	
0.001

	
9

	
13.3

	
27.2

	
0.01

	
42

	
18.8

	
30.9

	
0.001




	
CD163 i

	
52

	
22.5

	
41.3

	
0.001

	
9

	
17.8

	
36.1

	
0.02

	
43

	
23.4

	
42.3

	
0.001




	
CD163 str

	
52

	
29.2

	
55.8

	
0.001

	
9

	
29.4

	
52.8

	
0.004

	
43

	
29.1

	
56.4

	
0.001




	
CCR2 i

	
52

	
9.8

	
10.4

	
0.613

	
9

	
13.1

	
8.4

	
0.385

	
43

	
9.07

	
10.8

	
0.118




	
CCR2 str

	
52

	
13.6

	
35.8

	
0.001

	
9

	
11.4

	
38.3

	
0.003

	
43

	
14.1

	
35.2

	
0.001











[image: Table] 





Table 3. Correlation of the clinicopathological parameters with the expression of CCL2, CCR2, CD163 and CD14 in samples from CNBs, and the corresponding tumors of 52 patients with primary breast cancer. Only statistically significant results are shown. Categorical Pearson’s chi-square test was used.
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	p-Value



	
	node −
	node +
	



	CD163 CNB i low
	7 (30.4%)
	16 (69.0%)
	



	CD163 CNB i high
	16 (59.3%)
	11 (40.7%)
	0.042



	
	tumor size < 20mm
	tumor size ≥ 20mm
	



	CCL2 stromal lymphocytes low
	17 (64.5%)
	9 (34.6 %)
	



	CCL2 atromal lymphocytes high
	9 (34.6%)
	17 (65.4%)
	0.027



	
	tumor grade 1
	tumor grade 2–3
	



	CD163 CNB str low
	8 (34.8%)
	15 (65.2%)
	



	CD163 CNB str high
	3 (10.3%)
	26 (89.7%)
	0.032



	CD14 tumor str low
	7 (38.9%)
	11 (61.1%)
	



	CD14 tumor str high
	4 (11.8%)
	30 (88.2%)
	0.023



	
	duktal
	lobular
	



	CCR2 CNB str low
	6 (31,6%)
	13 (68.4%)
	



	CCR2 CNB str high
	19 (63.3%)
	11 (36.7%)
	0.030



	CD163 tumor i low
	6 (28.6%)
	15 (71.4%)
	



	CD163 tumor i high
	19 (67.9%)
	9 (32.1%)
	0.006



	CD163 tumor str low
	7 (33.3%)
	14 (66.7%)
	



	CD163 tumor str high
	18 (64.3%)
	10 (35.7%)
	0.032



	
	Ki67 < 30%
	Ki67 ≥ 30%
	



	CCL2 stromal lymphocytes low
	19 (73.1%)
	7 (26.9%)
	



	CCL2 stromal lymphocytes high
	12 (46.2%)
	14 (53.8%)
	0.048



	CCR2 CNB str low
	21 (87.5%)
	3 (12.5%)
	



	CCR2 CNB str high
	10 (35.7%)
	18 (64.3%)
	0.001



	CD163 tumor i low
	19 (79.2%)
	5 (20.8%)
	



	CD163 tumor i high
	12 (42.9%)
	16 (57.1%)
	0.008



	CD163 tumor str low
	19 (79.2%)
	5 (20.9%)
	



	CD163 tumor str high
	12 (49.2%)
	16 (57.1%)
	0.008



	CD14 CNB i low
	11 (91.7%)
	1 (8.3%)
	



	CD14 CNB i high
	20 (51.3%)
	19 (48.7%)
	0.012



	
	PR −
	PR +
	



	CCR2 CNB str low
	1 (4.8%)
	20 (95.2%)
	



	CCR2 CNB str high
	9 (29.0%)
	22 (71.0%)
	0.029



	CCR2 tumor str low
	1 (4.2%)
	23 (95.8%)
	



	CCR2 tumor str high
	9 (32.1%)
	19 (67.9%)
	0.011







CNB = core needle biopsy tumor; i = intratumoral stroma; str = peripheral stroma.
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