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Abstract

:

Dendritic cells (DCs) constitute a part of the tumour microenvironment, but we are still far from understanding their complex role in immune response to the tumour. This study aimed to investigate the density of DCs expressing CD1a, CD83, CD123, DC-LAMP3 (CD208) and DC-SIGN (CD209) in breast cancer. The correlations between DC density and molecular subtype of breast cancer, its hormone receptor status, spatial location and their associations with clinical and pathological prognostic factors were evaluated. We have shown that intratumoural CD1a+ cells were significantly associated with progression-free survival. For LAMP3+ and CD123+ DCs, higher cell densities were associated with non-luminal as compared to luminal cancer phenotype. In contrast, dense CD83+ DC infiltrate was observed in luminal tumours. The number of CD1a+ DCs in both locations was the highest in luminal B/HER2+ cancers. The highest positive cell count of LAMP3+ cells was observed in the triple-negative subtype in both locations. We found higher numbers of LAMP3+ DCs both intratumourally and at the invasive margin, as well as CD123+ DCs intratumourally in tumours with negative expression of oestrogen or progesterone receptors. Our study demonstrates associations between DC subpopulations and histological and clinical characteristics, as well as molecular subtypes in breast carcinoma.
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1. Introduction


Breast cancer attracts widespread interest as it is the leading malignant neoplasm in women and one of the most common causes of cancer death worldwide. It is a very heterogeneous disease, both clinically and molecularly, comprising various subtypes with distinct biological characteristics and response to therapy. Although it is widely considered to be a poorly immunogenic tumour [1,2], like every human malignant neoplasm, breast cancer induces an immune response in its microenvironment. Recent studies have shed new light on immune cells as important prognostic and predictive biomarkers in this malignancy [3]. Among them, dendritic cells (DCs) seem to play a crucial role in tumour-associated immunological reactions, acting as the most potent antigen-presenting cells. DCs recognise, process and present tumour-derived antigens in the context of major histocompatibility complexes (MHCs), and subsequently trigger a naïve T cell response, linking innate and adaptive immunity [1,4]. Immature DCs, stemming from bone marrow precursors, show high endocytic activity and a low level of T lymphocytes activation, so they probably encourage antigen-specific tolerance rather than immunity. Upon contact with the antigen, these immature DCs are activated into mature DCs, which migrate to the lymphoid organs where they activate T lymphocytes, thus generating an antigen-specific response [1]. Since the population of DCs is heterogeneous and remarkably plastic in its immunoregulatory potential, DCs can have either a positive or negative effect on host immunity [5]. Depending on the type, level of maturation as well as functional state of the DCs, they can increase effector T cell responses (favouring better outcomes) or mediate T cell tolerance (ensuing tumour progression) [4,5].



Researchers who studied the population of dendritic cells in various human malignancies have shown that the increased number of tumour-infiltrating DCs is in general associated with improved survival and decreased recurrence rates in cancer patients [6,7,8,9]. However, high infiltration of plasmacytoid DCs (pDCs) in breast cancer seems to correlate with an adverse clinical outcome [10,11]. Additionally, the importance of DC maturation state in malignant lesions was confirmed by studies showing a positive association between the number of mature DCs in the tumour area and a favourable prognosis [12,13]. Nonetheless, despite the pivotal role attributed to DCs in the development and propagation of various cancers, we are still far from understanding the complete nature and role of these cells as prognostic and predictive biomarkers in breast carcinoma.



The aim of the present study was to investigate the density of DCs expressing CD1a, CD83, CD123, DC-LAMP3 (CD208) and DC-SIGN (CD209) in breast cancers. CD1a is a non-classical MHC class I antigen [14]. CD1a is often used as a marker of immature dendritic cells, but it is expressed on both immature as well as mature DCs [15]. The activation status of DCs is based on the expression of CD83, DC-SIGN and DC-LAMP3, which are nonspecific indicators of mature DCs [2,4,5]. CD123 is the marker of immature plasmacytoid dendritic cells [4,16,17]. In our study, the correlations between DC density and molecular subtype of breast cancer, its hormone receptor status, spatial location as well as their associations with clinical and pathological prognostic factors were evaluated. The obtained results might provide clues as to the prognostic and predictive significance of tumour-infiltrating dendritic cells, as well as prove useful for the design of potential therapeutic strategies in breast cancer patients.




2. Materials and Methods


The material consisted of routinely processed, formalin-fixed paraffin-embedded primary invasive breast carcinomas diagnosed between 2002 and 2014. The archival haematoxylin–eosin-stained slides were re-evaluated and representative, well-preserved specimens were chosen for immunohistochemistry. For nuclear grading, the Nottingham Histologic Grade system was used, while staging was performed according to the 2017 American Joint Committee on Cancer system [18].



Immunohistochemistry (IHC) for: CD1a, CD123, CD83, DC-LAMP and DC-SIGN, oestrogen receptor (ER), progesterone receptor (PR), Ki67 and HER2 was performed according to the protocol routinely used in our laboratory as previously described [19]. Primary antibodies, dilution as well as the retrieval procedure used in our study are summarized in Table 1.



The slides stained for DC markers were scanned on a Nikon Labophot-2 optical microscope (Tokyo, Japan) at low magnification (100×), and the areas with the highest number of positive cells were chosen. Then, positively stained cells were counted in 5 high power fields (HPF) (400×, 0.2 mm2 field area), which represented 1 mm2 of the examined tissue. The positive cells located no further than 1 HPF from the tumour edge were regarded as invasive margin, while positive cells located within neoplastic tissue, further than 1 HPF from the tumour edge inwards, were considered as intratumoural population.



Positive ER and PR expression were set when ≥1% of neoplastic cells showed positive immunostaining. The threshold for discriminating between low and high Ki67 expression was set at ≥20% of positive cells. Scoring of the HER2 stain was performed by standard method [20]. The cases were classified into molecular subtypes according to the 2015 St. Gallen International Expert Consensus [21,22].



To assess differences in positive cell infiltrate between groups, ANOVA Kruskal–Wallis, U Mann–Whitney and Wilcoxon tests were performed. The correlations between groups were evaluated by using the Spearman rank test. Survival analyses for progression-free survival (PFS) were estimated using the Kaplan–Meier method. The comparisons according to different variables were performed with a log-rank test. A multivariate Cox proportional hazard regression model was performed to examine the effect of independent factors on PFS. All of the ranges were described with 95% confidence interval (CI). All analyses were performed using Statistica 10 (StatSoft Inc., Tulsa, OK, USA). p values ≤ 0.05 were considered significant.



The study was approved by the Jagiellonian University Committee of Bioethics (consent number KBET/72/B/2014).




3. Results


3.1. Description of Study Group


The analysed group consisted of 152 cases diagnosed as primary invasive breast carcinoma. The patients and tumour characteristics are summarized in Table 2.




3.2. DC Subpopulations in Molecular Cancer Subtypes


First, we investigated whether the DC counts differed between cancers of luminal and non-luminal subtypes. Statistically significant differences were observed for LAMP3+ and CD123+ DCs, in either intratumoural location or at the invasive margin (p < 0.015 for each DC subpopulation), as well as for CD83+ cells of intratumoural area (p < 0.03). For LAMP3+ and CD123+ populations, higher cell densities were associated with non-luminal as compared to luminal cancer phenotype. In contrast, dense CD83+ DC infiltrate was observed in luminal tumours. Thorough analysis of each of these DC counts showed significant differences in the density of infiltration between molecular subtypes of breast cancer. The number of CD1+ DCs in both locations was the highest in luminal B/HER2+ cancers. DC count was significantly lower in luminal/HER2− than in luminal B/HER2+ subtype (p < 0.001), and higher in luminal B/HER2+ as compared to HER2+ non-luminal subtype (p < 0.03). Similar results were obtained for invasive margin CD1a+ cells, with p < 0.001 in the former and p < 0.01 in the latter pair of groups.



Regarding intratumoural LAMP3+ cells, the highest positive cell count was observed in the triple-negative subtype, which was significantly higher than in the luminal/HER2+ (p < 0.001) and luminal/HER2− (p < 0.001) subtype, followed by HER2+ non-luminal cancers, which contained significantly more LAMP3+ cells within the tumour than luminal/HER2− (p = 0.04) and luminal B/HER2+ (p < 0.015) subtypes. LAMP3+ DCs at the invasive margin were also the most abundant in triple-negative tumours; the difference was statistically significant in comparison to luminal/HE2R− (p = 0.02) and luminal/HER2+ (p < 0.001) cancers.



The intratumoural CD123+ cell number was the lowest in luminal/HER2− cancers; the difference was statistically significant in comparison to luminal/HER2+ (p < 0.006), HER2+ non-luminal (p < 0.001) and triple negative (p < 0.02) cancers. With regard to invasive margin CD123+ cells, the only significant association was observed between luminal/HER2− and triple-negative subtypes (p < 0.03), with a higher positive cell content in the latter group.



For intratumoural and invasive margin CD83+ DCs, the differences were statistically significant in the Kruskal–Wallis ANOVA test exclusively. In a pairwise comparisons test, no statistical significance concerning cell count was noted between any of the investigated molecular subtypes. The most pronounced differences in intratumoural CD83+ cell number were observed between luminal/HER2− and triple-negative (p < 0.15), while at the invasive margin CD83+ cells between luminal/HER2− and luminal/HER2+ (p < 0.15). Results are shown in Figure 1 and Table 3. As we were not able to show significant differences in particular DC populations between luminal A and luminal B/HER2− subtypes (data not shown), these groups were lumped together for simplicity. DC density in breast cancers of different immunophenotype is presented in Table 4.



We investigated the correlations between populations of dendritic cells and Ki67 expression, tumour size and mitotic activity. Intratumoural CD1a+ cells showed a subtle positive correlation with Ki67 expression (R = 0.27, p < 0.001) and moderate with the mitotic figure count (R = 0.41, p < 0.001). By contrast, invasive margin CD1a+ cell number correlated slightly with mitotic activity exclusively (R = 0.22, p < 0.01). The intratumoural CD123+ cells showed subtle positive correlation with tumour size (R = 0.28, p < 0.001) as well as moderate positive correlation with Ki67 expression (R = 0.39, p < 0.001) and the mitotic figure count (R = 0.35, p < 0.001). Ki67 expression and mitotic activity also correlated positively with invasive margin CD123+ cell infiltration—weakly (R = 0.29, p < 0.001) and moderately (R = 0.39, p < 0.001), respectively. On the contrary, both intratumoural and invasive margin CD83+ cells inversely and weakly correlated with mitotic activity (R = −0.20, p < 0.02 and R = −0.18, p = 0.03, respectively). Additionally, intratumoural CD83+ cell infiltration inversely correlated with Ki67 expression (R = 0.18, p < 0.035).




3.3. DC Subpopulations and Other Pathological Prognostic Factors


With reference to tumour size, only intratumoural CD123+ DC count differed significantly (p < 0.015) between groups of different pT. The difference was significant between pT1 and pT2 patients (p < 0.015). The highest cell number was observed in pT2 (mean 22.57, SD 22.68), followed by pT1 (mean 16.39, SD 27.61) and pT3 tumours (mean 12.40, SD 15.53). Similarly, stratification according to the size into tumours of diameter ≤2 cm (pT1) and >2 cm (pT > 1) revealed a significant difference for intratumoural CD123+ staining (p < 0.009) exclusively, with a higher average number of positive cells in pT > 1 lesions (mean 21.65, SD 22.16) in comparison with pT1 tumours (mean 16.39, SD 27.61).



There were no statistically significant differences in DC count between cases with and without nodal involvement; the most pronounced differences between the groups of different pN were observed for intratumoural CD123+ (p < 0.15) and intratumoural DC-SIGN (p < 0.15) cell infiltration. Again, upon stratification into tumours with nodal metastases (pN+) and without nodal involvement (pN−), a significant difference was noted for intratumoural CD123+ cell count (p < 0.025) exclusively; the infiltration was higher in tumours of positive (22.81 SD 28.31) in comparison to those of negative nodal status (15.37 SD 20.75).



The population of intratumoural CD123+ cells was also the only one significantly associated with patients’ stage of disease (p < 0.004). The highest cell number was observed in stage II (mean 23.47, SD 29.95), followed by stage III (mean 21.97, SD 22.60) and stage I (mean 12.59, SD 20.38).



We have also investigated correlations with reference to tumour grade. A statistically significant difference was shown for intratumoural CD1a+ as well as intratumoural and invasive margin CD123+ cells. In both spatial locations of CD123+ cells, the highest cell density was observed in poorly differentiated tumours, which differed significantly in comparison with G2 (p < 0.001 for both intratumoural and invasive margin area) and G1 stage (p < 0.001 for intratumoural and p < 0.04 for invasive margin staining). Similarly, the most intense infiltration of intratumoural CD1a+ cells was associated with G3 tumours; however, it differed significantly only with G2 tumours (p < 0.015) (Figure 2, Table 5). In respect of tumour histological type, a higher count of CD1a+ and CD123+ DCs was observed in invasive carcinoma of no special type compared to invasive lobular carcinoma (Figure 3, Table 6).




3.4. Survival Analysis


In the investigated group, the data on clinical outcome were available for 100 patients. Out of them, distant metastases were observed in 18 cases (18%). The most frequent localizations were lymph nodes (7 cases, 39%), followed by bones and liver (6 cases, 33%), lungs (4 cases, 22%) and ovary (2 cases, 11%).



The number of individual subpopulations of dendritic cells was divided into “low” or “high” on the basis of median value (cell count ≤ median value was regarded as “low” and cell count > median value was regarded as “high”). For intratumoural and invasive margin CD83+ as well as intratumoural DC-SIGN+, “low” cell infiltration was determined if no cells were observed in five HPF. According to the Kaplan–Meier method, among investigated DC subpopulations, only intratumoural CD1a+ cells were significantly associated with PFS (p < 0.015), as the patients showing high DC count tended to have a longer PFS (in days) than patients with low infiltrated lesions (Figure 4).



Of the investigated variables, only pN significantly influenced the hazard ratio for breast cancer distant metastases’ incidence in the multivariate Cox regression model (p < 0.002). The patients with higher nodal involvement were at a higher risk of developing distant metastases (Hazard Ratio = 2.54, CI: 1.43–4.51). None of the analysed DC subpopulations had a significant impact on metastases development in this model.




3.5. DC Subpopulation Distribution


The average count of positive DC count was 8.75 (SD 15.45) for intratumoural CD1a-positive (CD1a+), 7.77 (SD 12.54) for invasive margin CD1a+, 8.04 (SD 15.12) for intratumoural LAMP3-positive (LAMP3+), 11.25 (SD 12.65) for invasive margin LAMP3+, 19.12 (SD 25.20) for intratumoural CD123-positive (CD123+), 29.66 (SD 27.06) for invasive margin CD123+, 1.51 (SD 3.65) for intratumoural CD83-positive (CD83+), 3.10 (SD 6.15) for invasive margin CD83+, 5.55 (SD 11.20) for intratumoural DC-SIGN-positive (DC-SIGN+) and 13.0 (14.96) for invasive margin DC-SIGN+. The significantly higher DC densities were observed at the tumour’s invasive margin for LAMP3+, CD123+, CD83+ and DC-SIGN+ cells, in comparison with intratumoural area (p < 0.001 for each DC subpopulation). Examples of DC distribution are shown in Figure 5.





4. Discussion


The role of DCs in tumourigenesis had been studied in recent decades, which led researchers to the conclusion that the immune system plays a prominent role in tumour control. DCs, which appeared to respond to antigens as the first line of cells, play a central role in initiating antigen-specific immunity and tolerance. However, the predictive significance of tumour infiltrating DCs presenting a variety of different markers remains unresolved [15,23]. In our study, we made an attempt to establish the correlation between DC infiltrate density and histological and molecular characteristics of breast cancer.



Bell et al. failed to establish a prognostic significance of the infiltration of tumours with mature or immature DCs due to a limited number of samples (32 patients) [2], while we, based on 100 cases of breast cancer, have demonstrated that intratumoural CD1a+ cells were significantly associated with PFS. Patients with highly infiltrated tumours tended to have a longer PFS than patients with low infiltrated lesions. We think that an increase in CD1a+ cell count attracted to the tumour environment has a capability to initiate an immune response to the malignancy in the host organism, which results in a better prognosis. Coventry and Heinzel had proposed a possible explanation for this observation as they hypothesized that CD1a is an important molecule for the presentation of glycolipid tumour antigens to the immune system [15]. Coventry and Morton showed lower mortality rate of patients with breast cancer presenting with higher CD1a+ DC density within the tumour. Although they could not demonstrate a significant association with a 5-year survival due to sample size (51 patients), they postulated that an association between CD1a expression may reach statistical significance at the 10-year point from diagnosis [24]. La Rocca et al. have suggested a possible role of CD1a as a prognostic marker in breast cancer [8]. The density of tumour residing CD1a+ DCs has also been reported in a variety of human cancers, and their number in colon, gastric, lung and laryngeal carcinomas was positively associated with improved outcome [25,26,27,28].



CD1a+ DCs have been reported to be present within breast cancers from early, preinvasive ductal carcinoma in situ to invasive ductal carcinomas [9]. Bell et al. studied 32 cases of breast carcinoma and reported that immature DCs (CD1+, Langerin+) are found within the tumour bed, whereas mature DCs (CD83+, DC-LAMP+) reside in the peritumoural area [2]. Such a conclusion was reiterated by other researchers [9,10,24,29]. In our study, we have not observed statistically significant differences in the spatial distribution of CD1a+ DC subpopulation, but higher numbers of these cells were found mainly within the tumour. In contrast, mature DCs expressing LAMP3, CD123, CD83 and DC-SIGN were significantly more abundant at the invasive margin.



An association between the presence of CD123+ pDCs and shorter overall survival as well as relapse-free survival in patients with breast cancer was the main observation of the research by Treilleux et al. [10]. The results of a successive study by Sisirak et al. demonstrated a significantly higher density of tumour associated CD123+ pDCs in aggressive carcinomas such as triple negative breast tumour [11]. Our report seems to be consistent with such a conclusion, as we showed that pDCs preferentially and abundantly infiltrate these aggressive breast tumours. Although the triple negative molecular subtype is only found in about 15 percent of breast cancers, it is known for its aggressiveness, unresponsiveness to treatment and poor prognosis [30,31,32]. As the mechanism explaining the role of plasmacytoid DCs in tumour growth, Sisirak at al. proposed the interference in immune response toward immunotolerance caused by a defect in interferon alfa production by pDCs, which leads to Treg expansion in the tumour site and contributes to breast cancer progression [11].



Iwamoto et al. demonstrated that the infiltration of breast cancer by CD83+ DCs is an independent immunologic prognostic parameter, as the number of intratumoural CD83+ DCs was inversely correlated with lymph node metastasis and significantly associated with longer relapse-free and overall survival. Additionally, among patients with lymph node metastasis, the survival rate of those with larger numbers of CD83+ DCs intratumourally was significantly higher than that of patients with fewer CD83+ DCs. Such an observation for survival rates was not detected for the number of CD1a+ DCs [29]. We were not able to confirm these results, but we demonstrated denser CD83+ DC infiltrate in luminal tumours compared to non-luminal ones. These differences may result from the use of different methodology—in our study, immunohistochemistry was performed on formalin-fixed paraffin-embedded tissue, while in the study cited above, immunohistochemistry was based on frozen tissue.



A review of the literature revealed that little is still known about DCs in different molecular subtypes of breast cancer, thus their role should be clarified. Our study notes some significant differences in molecular subtypes of breast cancer and DC infiltration. To the aforesaid observations on triple negative breast tumours, we add that luminal/HER2+ tumours contained a greater number of CD1a positive DCs. To the best of our knowledge, this statement has never been mentioned before.



Several authors focused on investigating the presence of different subsets of DCs in breast cancer depending on tumour characteristics. Coventry and Morton and Treilleux et al. subsequently showed the lack of a significant correlation between CD1a+ cell density and classical histological or clinical prognostic variables [10,24] such as tumour size, grade, nodal status, presence or absence of metastases, recurrences or lymphovascular invasion. This seems to confirm a similar conclusion resulting from the preceding study by Iwamoto et al., except noticing an inverse correlation of the number of CD83+ DCs with lymph node metastases [29]. Researchers reported an association between DC-LAMP+ DC density and axillary lymph node involvement, high histologic grade, HER2 overexpression and lack of hormone receptor expression instead [10]. Gadalla et al. demonstrated increased infiltration of plasmacytoid DCs expressing CD303 in breast cancer tissue in patients with lymph node metastases compared to lymph node negative patients [33]. The results we obtained allow us to state that, considering classical histological variables, more advanced tumours (>pT1) as well as those with nodal involvement (pN+) were associated with higher plasmacytoid CD123+ DC count within the tumour mass. Moreover, in stage II and stage III tumours, as well as in poorly differentiated ones (G3), we have observed a more dense CD123+ DC infiltrate intratumourally. Additionally, in our investigation more abundant infiltrate composed of both intratumoural and peritumoural CD1a+ and CD123+ DCs was observed in NOS compared to CLI. Similarly to the results obtained by Iwamoto [29], we observed that the negative status of both ER and PR was related to LAMP3+ DC presence, which may contribute to tumour aggressiveness as well as resistance to tamoxifen therapy [34]. We also noticed that the analysed populations of DCs correlated positively with high Ki67 expression and HER2 overexpression/amplification. This supports the aforementioned hypothesis of intratumoural plasmacytoid CD123+ DC deleterious influence on tumour progression and explains their negative impact on patient survival [11,35].



The findings of this study have to be seen in the light of possible limitations. First, immunohistochemical staining allowed us to identify only one marker per slide; therefore, we could not observe the colocalization of investigated markers in tumour tissue nor in individual DCs. This hindered more precise identification of DC populations and their maturation state. The second limitation concerns the specificity of analysed DC-associated antigens, which can be found in other immune cells such as lymphocytes or macrophages. To overcome these difficulties, we took the cell appearance (e.g., nucleus size, the amount of cytoplasm and the presence of cytoplasmatic protrusions) into consideration in identifying positively stained cells as DCs. We also interpreted the results with caution and pointed to positivity for particular markers in DC populations rather than using the term “mature” or “immature” DCs. Another limitation concerns the type of material used in this study. Histological material presents a static image of the fixed tissue, while ex vivo models show dynamic processes and represent a valuable research resource which might improve understanding of the neoplastic process [36,37].



Besides their possible prognostic significance, DCs are also an attractive target to be exploited in cancer immunotherapy as they were shown to be dysfunctional in patients with breast cancer [38]. In recent years, the use of ex vivo manipulated [16], in vivo targeting DCs [39] and DCs in combination with cytokine-induced killer cells [3] has been regarded as a potential tool in cancer treatment with an already established role in prostate cancer therapy, in which the Food and Drug Administration has approved the first cancer DC-vaccine [40]. An increasing number of both preclinical and clinical evidence show that dendritic cell-based vaccines are capable of inducing an antitumour-specific response, while being well tolerated and safe [1,41]. Still, much has to be done in order to reach a satisfactory clinical outcome, but it seems to be a very promising future approach either as applied alone or in combination with traditionally used chemo- or radiotherapy [23].




5. Conclusions


In conclusion, our study indicates associations between DCs with tumour histological and clinical characteristics in breast carcinoma. We also showed differences between breast cancer molecular subtypes and their different DC lineage contents. However, many questions remain to be answered to elucidate their impact on prognosis in breast cancer patients.







Author Contributions


Conceptualization, J.S. (Joanna Szpor) and J.S. (Joanna Streb); methodology, J.S. (Joanna Szpor) and A.G.; software, K.O.; validation, J.S. (Joanna Szpor), K.E.T. and J.S. (Joanna Streb); formal analysis, A.W.; investigation, J.S. (Joanna Szpor); resources, P.B.; data curation, P.F., K.O. and R.J.; writing—original draft preparation, J.S. (Joanna Szpor); writing—review and editing, J.S. (Joanna Streb); visualization, D.H.-Z. and P.F.; supervision, J.S. (Joanna Szpor); project administration, J.S. (Joanna Szpor) and J.S. (Joanna Streb); funding acquisition, R.J. All authors have read and agreed to the published version of the manuscript.




Funding


This study was supported by the Jagiellonian University Medical College [grant number K/ZDS/004612]. The authors declare that they have no conflict of interest.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Jagiellonian University Committee of Bioethics (consent number KBET/72/B/2014 24.04.2014).




Informed Consent Statement


Not applicable.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to personal data protection.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Gelao, L.; Criscitiello, C.; Esposito, A.; De Laurentiis, M.; Fumagalli, L.; Locatelli, M.A.; Minchella, I.; Santangelo, M.; De Placido, S.; Goldhirsch, A.; et al. Dendritic cell-based vaccines: Clinical applications in breast cancer. Immunotherapy 2014, 6, 349–360. [Google Scholar] [CrossRef] [PubMed]

	



Bell, D.; Chomarat, P.; Broyles, D.; Netto, G.; Harb, G.M.; Lebecque, S.; Valladeau, J.; Davoust, J.; Palucka, K.A.; Banchereau, J. In Breast Carcinoma Tissue, Immature Dendritic Cells Reside within the Tumor, Whereas Mature Dendritic Cells Are Located in Peritumoral Areas. J. Exp. Med. 1999, 190, 1417–1426. [Google Scholar] [CrossRef] [PubMed]

	



De la Cruz-Merino, L.; Barco-Sánchez, A.; Henao Carrasco, F.; Nogales Fernández, E.; Vallejo Benítez, A.; Brugal Molina, J.; Martínez Peinado, A.; Grueso López, A.; Ruiz Borrego, M.; de Villena, M.C.M.; et al. New insights into the role of the immune microenviron-ment in breast carcinoma. Clin. Dev. Immunol. 2013, 2013, 785317. [Google Scholar] [CrossRef] [PubMed]

	



Talmadge, J.E.; Donkor, M.; Scholar, E. Inflammatory cell infiltration of tumors: Jekyll or Hyde. Cancer Metastasis Rev. 2007, 26, 373–400. [Google Scholar] [CrossRef] [PubMed]

	



Karthaus, N.; Torensma, R.; Tel, J. Deciphering the Message Broadcast by Tumor-Infiltrating Dendritic Cells. Am. J. Pathol. 2012, 181, 733–742. [Google Scholar] [CrossRef] [PubMed]

	



Reichert, T.E.; Scheuer, C.; Day, R.; Wagner, W.; Whiteside, T.L. The number of intratumoral dendritic cells and zeta-chain expression in T cells as prognostic and survival biomarkers in patients with oral carcinoma. Cancer 2001, 91, 2136–2147. [Google Scholar] [CrossRef]

	



Goldman, S.A.; Baker, E.; Weyant, R.J.; Clarke, M.R.; Myers, J.N.; Lotze, M.T. Peritumoral CD1a-positive dendritic cells are associated with improved survival in patients with tongue carcinoma. Arch. Otolaryngol. Head Neck Surg. 1998, 124, 641–646. [Google Scholar] [CrossRef]

	



La Rocca, G.; Anzalone, R.; Corrao, S.; Magno, F.; Rappa, F.; Marasà, S.; Czarnecka, A.M.; Marasà, L.; Sergi, C.; Zummo, G.; et al. CD1a down-regulation in primary invasive ductal breast carcinoma may predict regional lymph node invasion and patient outcome. Histopathology 2007, 52, 203–212. [Google Scholar] [CrossRef] [PubMed]

	



Hillenbrand, E.E.; Neville, A.M.; Coventry, B.J. Immunohistochemical localization of CD1a-positive putative dendritic cells in human breast tumours. Br. J. Cancer 1999, 79, 940–944. [Google Scholar] [CrossRef] [PubMed]

	



Treilleux, I.; Blay, J.-Y.; Bendriss-Vermare, N.; Ray-Coquard, I.; Bachelot, T.; Guastalla, J.-P.; Bremond, A.; Goddard, S.; Pin, J.-J.; Barthelemy-Dubois, C.; et al. Dendritic Cell Infiltration and Prognosis of Early Stage Breast Cancer. Clin. Cancer Res. 2004, 10, 7466–7474. [Google Scholar] [CrossRef]

	



Sisirak, V.; Faget, J.; Gobert, M.; Goutagny, N.; Vey, N.; Treilleux, I.; Renaudineau, S.; Poyet, G.; Labidi-Galy, I.; Goddard-Leon, S.; et al. Impaired IFN-α production by plasmacytoid dendritic cells favors regulatory T-cell ex-pansion that may contribute to breast cancer progression. Cancer Res. 2012, 72, 5188–5197. [Google Scholar] [CrossRef] [PubMed]

	



Takagi, S.; Miyagawa, S.; Ichikawa, E.; Soeda, J.; Miwa, S.; Miyagawa, Y.; Iijima, S.; Noike, T.; Kobayashi, A.; Kawasaki, S. Dendritic cells, T-cell infiltration, and Grp94 expression in cholangiocellular car-cinoma. Hum. Pathol. 2004, 35, 881–886. [Google Scholar] [CrossRef]

	



Miyagawa, S.; Soeda, J.; Takagi, S.; Miwa, S.; Ichikawa, E.; Noike, T. Prognostic significance of mature dendritic cells and factors associated with their accumulation in metastatic liver tumors from colorectal cancer. Hum. Pathol. 2004, 35, 1392–1396. [Google Scholar] [CrossRef] [PubMed]

	



La Torre, D.; Lernmark, A. Immunology of beta-cell destruction. Adv. Exp. Med. Biol. 2010, 654, 537–583. [Google Scholar]

	



Coventry, B.; Heinzel, S. CD1a in human cancers: A new role for an old molecule. Trends Immunol. 2004, 25, 242–248. [Google Scholar] [CrossRef]

	



Palucka, K.; Banchereau, J. Cancer immunotherapy via dendritic cells. Nat. Rev. Cancer. 2012, 12, 265–277. [Google Scholar] [CrossRef] [PubMed]

	



Geijtenbeek, T.B.; Engering, A.; Van Kooyk, Y. DC-SIGN, a C-type lectin on dendritic cells that unveils many aspects of den-dritic cell biology. J. Leukoc. Biol. 2002, 71, 921–931. [Google Scholar] [PubMed]

	



Byrd, D.R.; Carducci, M.A.; Compton, C.C.; Fritz, A.G.; Greene, F.L. AJCC Cancer Staging Manual, 8th ed.; Springer: Cham, Switzerland, 2017. [Google Scholar]

	



Glajcar, A.; Szpor, J.; Pacek, A.; Tyrak, K.E.; Chan, F.; Streb, J.; Hodorowicz-Zaniewska, D.; Okoń, K. The relationship between breast cancer molecular subtypes and mast cell populations in tumor microenvironment. Virchows Archiv. 2017, 470, 505–515. [Google Scholar] [CrossRef]

	



Wolff, A.C.; Hammond, M.E.H.; Hicks, D.G.; Dowsett, M.; McShane, L.M.; Allison, K.H.; Allred, D.C.; Bartlett, J.M.S.; Bilous, M.; Fitzgibbons, P.; et al. Recommendations for Human Epidermal Growth Factor Receptor 2 Test-ing in Breast Cancer: American Society of Clinical Oncology/College of American Pathologists Clinical Practice Guideline Update. J. Clin. Oncol. 2013, 31, 3997–4013. [Google Scholar] [CrossRef]

	



Goldhirsch, A.; Winer, E.P.; Coates, A.S.; Gelber, R.D.; Piccart-Gebhart, M.; Thürlimann, B.; Senn, H.-J.; Albain, K.S.; André, F.; Bergh, J.; et al. Personalizing the treatment of women with early breast cancer: Highlights of the St Gallen International Expert Consensus on the Primary Therapy of Early Breast Cancer 2013. Ann. Oncol. 2013, 24, 2206–2223. [Google Scholar] [CrossRef]

	



Gnant, M.; Thomssen, C.; Harbeck, N. St. Gallen/Vienna 2015: A Brief Summary of the Consensus Discussion. Breast Care 2015, 10, 124–130. [Google Scholar] [CrossRef]

	



Wculek, S.K.; Cueto, F.J.; Mujal, A.M.; Melero, I.; Krummel, M.F.; Sancho, D. Dendritic cells in cancer immunology and immunotherapy. Nat. Rev. Immunol. 2020, 20, 7–24. [Google Scholar] [CrossRef]

	



Coventry, B.J.; Morton, J. CD1a-positive infiltrating-dendritic cell density and 5-year survival from human breast cancer. Br. J. Cancer 2003, 89, 533–538. [Google Scholar] [CrossRef]

	



Tsujitani, S.; Furukawa, T.; Tamada, R.; Okamura, T.; Yasumoto, K.; Sugimachi, K. Langerhans cells and prognosis in patients with gastric carcinoma. Cancer 1987, 59, 501–505. [Google Scholar] [CrossRef]

	



Ambe, K.; Mori, M.; Enjoji, M. S-100 protein-positive dendritic cells in colorectal adenocarcinomas: Distribution and relation to clinical progress. Cancer 1989, 63, 496–503. [Google Scholar] [CrossRef]

	



Gallo, O.; Bianchi, S.; Giannini, A.; Gallina, E.; Libonati, G.A.; Fini-Storchi, O. Correlations Between Histopathological and Biological Findings in Nasopharyngeal Carcinoma and Its Prognostic Significance. Laryngoscope 1991, 101, 487–493. [Google Scholar] [CrossRef] [PubMed]

	



Zeid, N.A.; Muller, H.K. S-100 positive dendritic cells in human lung tumours associated with cell differentiation and enhanced survival. Pathology 1993, 25, 338–343. [Google Scholar] [CrossRef] [PubMed]

	



Iwamoto, M.; Shinohara, H.; Miyamoto, A.; Okuzawa, M.; Mabuchi, H.; Nohara, T.; Gon, G.; Toyoda, M.; Tanigawa, N. Prognostic value of tumor-infiltrating dendritic cells expressing CD83 in human breast carcinomas. Int. J. Cancer 2003, 104, 92–97. [Google Scholar] [CrossRef] [PubMed]

	



Perou, C.M.; Sørlie, T.; Eisen, M.B.; Van De Rijn, M.; Jeffrey, S.S.; Rees, C.A.; Pollack, J.R.; Ross, D.T.; Johnsen, H.; Akslen, L.A.; et al. Molecular portraits of human breast tumours. Nature 2000, 406, 747–752. [Google Scholar] [CrossRef]

	



Rakha, E.A.; El-Sayed, M.E.; Green, A.R.; Lee, A.H.S.; Robertson, J.F.; Ellis, I.O. Prognostic markers in triple-negative breast cancer. Cancer 2006, 109, 25–32. [Google Scholar] [CrossRef]

	



Rakha, E.A.; Elsheikh, S.E.; Aleskandarany, M.A.; Habashi, H.O.; Green, A.R.; Powe, D.G.; El-Sayed, M.E.; Benhasouna, A.; Brunet, J.-S.; Akslen, L.A.; et al. Triple-Negative Breast Cancer: Distinguishing between Basal and Nonbasal Subtypes. Clin. Cancer Res. 2009, 15, 2302–2310. [Google Scholar] [CrossRef]

	



Gadalla, R.; Hassan, H.; Ibrahim, S.A.; Abdullah, M.S.; Gaballah, A.; Greve, B.; El-Deeb, S.; El-Shinawi, M.; Mohamed, M.M. Tumor microenvironmental plasmacytoid dendritic cells contribute to breast cancer lymph node metastasis via CXCR4/SDF-1 axis. Breast Cancer Res. Treat. 2019, 174, 679–691. [Google Scholar] [CrossRef] [PubMed]

	



Nagelkerke, A.; Sieuwerts, A.; Bussink, J.; Sweep, F.; Look, M.; Foekens, J.; Martens, J.; Span, P. LAMP3 is involved in tamoxifen resistance in breast cancer cells through the modulation of autophagy. Endocr. Relat. Cancer 2014, 21, 101–112. [Google Scholar] [CrossRef] [PubMed]

	



Le Mercier, I.; Poujol, D.; Sanlaville, A.; Sisirak, V.; Gobert, M.; Durand, I.; Dubois, B.; Treilleux, I.; Marvel, J.; Vlach, J.; et al. Tumor Promotion by Intratumoral Plasmacytoid Dendritic Cells Is Reversed by TLR7 Ligand Treatment. Cancer Res. 2013, 73, 4629–4640. [Google Scholar] [CrossRef]

	



Miserocchi, G.; Mercatali, L.; Liverani, C.; De Vita, A.; Spadazzi, C.; Pieri, F.; Bongiovanni, A.; Recine, F.; Amadori, D.; Ibrahim, T. Management and potentialities of primary cancer cultures in preclinical and translational studies. J. Transl. Med. 2017, 15, 229. [Google Scholar] [CrossRef] [PubMed]

	



Hudson, E.A.; Fox, L.H.; Luckett, J.C.A.; Manson, M.M. Ex vivo cancer chemoprevention research possibilities. Environ. Toxi-col. Pharmacol. 2006, 21, 204–214. [Google Scholar] [CrossRef] [PubMed]

	



Satthaporn, S.; Robins, A.; Vassanasiri, W.; El-Sheemy, M.; Jibril, J.; Clark, D.; Valerio, D.; Eremin, O. Dendritic cells are dysfunctional in patients with operable breast cancer. Cancer Immunol. Immunother. 2004, 53, 510–518. [Google Scholar] [CrossRef]

	



Steinman, R.M. Decisions about Dendritic Cells: Past, Present, and Future. Annu. Rev. Immunol. 2012, 30, 1–22. [Google Scholar] [CrossRef] [PubMed]

	



Cheever, M.A.; Higano, C.S. PROVENGE (Sipuleucel-T) in prostate cancer: The first FDA-approved therapeutic cancer vaccine. Clin. Cancer Res. 2011, 1, 3520–3526. [Google Scholar] [CrossRef] [PubMed]

	



Bates, J.; Derakhshandeh, R.; Jones, L.; Webb, T.J. Mechanisms of immune evasion in breast cancer. BMC Cancer 2018, 18, 556. [Google Scholar] [CrossRef]








[image: Diagnostics 11 00702 g001a 550][image: Diagnostics 11 00702 g001b 550] 





Figure 1. The density of investigated dendritic cell (DC) subpopulations in breast cancer specimens representing different molecular subtypes. Abbreviations used: Lum/HER2+—luminal/HER2+, HER2+—HER2+ non-luminal, TNBC—triple negative subtype. The central point is the arithmetic mean, the box is the arithmetic mean ± standard error and the whisker is the arithmetic mean ± standard deviation. 
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Figure 2. The density of CD123+ and CD1a+ DC populations in breast cancer specimens representing different nuclear grade. Central point is the arithmetic mean, box is the arithmetic mean ± standard error and whisker is the arithmetic mean ± standard deviation. 
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Figure 3. The density of CD1a+ and CD123+ DC populations in breast cancer specimens representing different histologic type: NOS—invasive carcinoma not otherwise specified, CLI—invasive lobular carcinoma. Central point is the arithmetic mean, box is the arithmetic mean ± 2 × standard error and whisker is the arithmetic mean ± 0.95 × standard deviation. 
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Figure 4. Kaplan–Meier curves for progression-free survival (PFS). Comparison of PFS according to intratumoural CD1a+ cell infiltration stratified by the median value of positively stained cells. 
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Figure 5. Dendritic cells in breast carcinoma: (a) intratumoural CD123+ cells, (b) invasive margin CD123+ cells, (c) LAMP3+ cells at invasive margin, (d) CD1a+. 
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Table 1. Antibodies used in the study.
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	Primary Antibody
	Clone
	Dilution
	Antigen Retrieval
	Incubation Time
	Producer





	CD1a
	MTB1
	1:10
	Citrate
	Overnight
	Novocastra (Leica Biosystems, Nußloch, Germany)



	CD123
	BR4MS
	1:100
	Ethylenediaminetetraacetic Acid Disodium (EDTA)
	30 min
	Novocastra (Leica Biosystems, Nußloch, Germany)



	CD83
	1H4b
	1:50
	Citrate
	30 min
	Abcam, Cambridge, UK



	DC-LAMP3
	Rabbit polyclonal
	1:50
	EDTA
	60 min
	Abcam, Cambridge, UK



	DC-SIGN
	5D7
	1:50
	EDTA
	30 min
	Abcam, Cambridge, UK



	Estrogen receptor
	6F11
	1:25
	Citrate
	60 min
	Novocastra (Leica Biosystems, Nußloch, Germany)



	Progesterone receptor
	PgR636
	1:50
	Citrate
	60 min
	Dako, Santa Clara, CA, USA



	Ki67
	MIB-1
	1:100
	EDTA
	60 min
	Dako, Santa Clara, CA, USA
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Table 2. Clinicopathologic features of the study group.
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Characteristic

	
Number of Cases

	
%






	
Age

Mean: 54.9

Range: 29–87




	
Stage




	
I

	
51

	
33.5




	
II

	
58

	
38.2




	
III

	
40

	
26.3




	
IV

	
1

	
0.7




	
Unknown

	
2

	
1.3




	
Tumour size




	
pT1

	
77

	
50.7




	
pT2

	
70

	
46.0




	
pT3

	
5

	
3.3




	
Lymph node status




	
pN0

	
69

	
45.4




	
pN1

	
41

	
27.0




	
pN2

	
21

	
13.8




	
pN3

	
18

	
11.8




	
Unknown

	
3

	
2.0




	
Histological type




	
Invasive carcinoma of no special type

	
133

	
87.5




	
Invasive lobular carcinoma

	
17

	
11.2




	
Other

	
2

	
1.3




	
Nottingham Histologic Grade




	
G1

	
19

	
12.5




	
G2

	
57

	
37.5




	
G3

	
76

	
50.0




	
Molecular subtypes




	
Luminal/HER2−

	
72

	
47.4




	
Luminal B/HER2+

	
27

	
17.8




	
Non-luminal HER2+

	
21

	
13.8




	
Triple negative breast cancer

	
30

	
19.7




	
Unclassified

	
2

	
1.3
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Table 3. DC density in breast cancers of different molecular subtype.
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CD1a

	
LAMP3

	
CD123

	
CD83

	
DC-SIGN






	

	
intratumoural

	
invasive margin

	
intratumoural

	
invasive margin

	
intratumoural

	
invasive margin

	
intratumoural

	
invasive margin

	
intratumoural

	
invasive margin




	

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p




	
Molecular subtype




	
Luminal/HER2−

	
7.55 (15.78)

	
<0.001

	
6.52 (12.07)

	
<0.001

	
3.21 (5.65)

	
<0.001

	
10.08 (10.54)

	
<0.001

	
10.35 (13.82)

	
<0.001

	
21.44 (20.83)

	
<0.009

	
2.69 (4.79)

	
<0.004

	
3.99 (5.59)

	
<0.05

	
4.02 (6.23)

	
NS

	
11.76 (11.28)

	
NS




	
Luminal B/HER2+

	
14.84 (17.84)

	
14.92 (18.88)

	
2.62 (6.81)

	
6.04 (13.67)

	
24.92 (22.85)

	
37.77 (33.03)

	
0.19 (0.57)

	
2.85 (10.52)

	
8.24 (15.21)

	
11.96 (14.69)




	
HER2+ non-luminal

	
4.43 (4.80)

	
4.67 (5.89)

	
13.62 (14.00)

	
9.52 (9.54)

	
37.48 (44.16)

	
37.33 (32.41)

	
1.00 (2.36)

	
2.65 (3.77)

	
9.15 (19.43)

	
14.45 (12.66)




	
Triple negative

	
10.0 (16.84)

	
7.33 (8.51)

	
20.10 (25.52)

	
19.30 (15.05)

	
22.30 (23.09)

	
37.10 (26.64)

	
0.33 (1.32)

	
1.77 (2.90)

	
3.63 (6.51)

	
14.06 (19.70)








NS—not statistically significant, SD—standard deviation.
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Table 4. DC density in breast cancers of different immunophenotype.
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CD1a

	
LAMP3

	
CD123

	
CD83

	
DC-SIGN






	

	
intratumoural

	
invasive margin

	
intratumoural

	
invasive margin

	
intratumoural

	
invasive margin

	
intratumoural

	
invasive margin

	
intratumoural

	
invasive margin




	

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p




	
ER expression




	
positive

	
10.04 (17.75)

	
NS

	
8.95 (14.02)

	
NS

	
4.98 (14.19)

	
<0.001

	
9.37 (12.07)

	
0.001

	
15.19 (19.89)

	
<0.001

	
27.84 (26.91)

	
NS

	
1.98 (4.17)

	
NS

	
3.62 (6.92)

	
NS

	
5.33 (9.47)

	
NS

	
12.39 (12.41)

	
NS




	
negative

	
5.83 (6.50)

	
5.32 (7.46)

	
16.00 (15.01)

	
15.80 (13.32)

	
29.46 (34.09)

	
34.68 (27.62)

	
0.35 (1.07)

	
1.87 (3.30)

	
5.55 (14.38)

	
13.32 (17.87)




	
PR expression




	
positive

	
10.30 (18.05)

	
NS

	
8.83 (14.24)

	
NS

	
5.42 (14.63)

	
<0.001

	
9.91 (12.27)

	
<0.03

	
15.0 (19.16)

	
<0.002

	
27.03 (25.97)

	
NS

	
1.97 (4.20)

	
NS

	
3.57 (7.01)

	
NS

	
4.87 (8.02)

	
NS

	
12.34 (11.88)

	
NS




	
negative

	
5.60 (6.23)

	
5.73 (7.50)

	
14.04 (14.94)

	
14.11 (13.40)

	
28.35 (33.92)

	
35.91 (29.17)

	
0.56 (1.66)

	
2.16 (3.47)

	
6.57 (15.88)

	
13.36 (18.27)




	
Ki67 expression




	
low

	
6.51 (14.75)

	
<0.002

	
6.50 (12.54)

	
<0.02

	
5.64 (9.96)

	
NS

	
9.75 (9.98)

	
NS

	
11.35 (14.54)

	
<0.001

	
19.98 (19.74)

	
<0.001

	
2.35(4.74)

	
<0.04

	
3.64 (5.71)

	
NS

	
5.76 (13.49)

	
NS

	
12.29 (12.83)

	
NS




	
high

	
10.74 (15.98)

	
8.95 (12.61)

	
9.97 (18.12)

	
12.29 (14.45)

	
25.30 (30.03)

	
37.37 (29.78)

	
0.89 (2.35)

	
2.75 (6.52)

	
5.11 (8.74)

	
12.92 (15.03)




	
HER2 status




	
normal

	
8.29 (16.06)

	
<0.03

	
6.77 (11.07)

	
<0.04

	
8.33 (16.61)

	
NS

	
12.92 (12.75)

	
<0.006

	
13.87 (17.82)

	
<0.001

	
26.09 (23.69)

	
NS

	
1.99 (4.23)

	
NS

	
3.32 (5.02)

	
NS

	
3.91 (6.29)

	
NS

	
12.46 (14.32)

	
NS




	
overexpressed

	
10.09 (14.41)

	
10.24 (15.24)

	
7.53 (11.88)

	
7.60 (12.01)

	
30.53 (34.23)

	
37.57 (32.40)

	
0.54 (1.64)

	
2.76 (8.21)

	
8.64 (17.01)

	
13.07 (13.73)








NS—not statistically significant, SD—standard deviation.
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Table 5. DC count according to tumour grade.
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CD1a

	
LAMP3

	
CD123

	
CD83

	
DC-SIGN






	

	
intratumoural

	
invasive margin

	
intratumoural

	
invasive margin

	
intratumoural

	
invasive margin

	
intratumoural

	
invasive margin

	
intratumoural

	
invasive margin




	

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p




	
Grade




	
1

	
8.61 (19.25)

	
<0.009

	
6.77 (9.14)

	
NS

	
6.15 (9.38)

	
NS

	
10.16 (7.17)

	
NS

	
9.26 (11.37)

	
<0.001

	
19.84 (16.93)

	
<0.001

	
2.26 (4.36)

	
NS

	
3.37 (5.05)

	
NS

	
1.87 (3.48)

	
NS

	
9.19 (6.52)

	
NS




	
2

	
4.49 (5.69)

	
6.30 (7.21)

	
4.18 (7.39)

	
10.74 (12.21)

	
11.79 (16.56)

	
19.53 (19.49)

	
1.91 (4.06)

	
3.64 (5.58)

	
3.82 (5.39)

	
11.92 (11.72)




	
3

	
12.10 (18.69)

	
9.15 (15.98)

	
11.29 (19.27)

	
11.91 (14.06)

	
27.20 (30.27)

	
39.71 (30.29)

	
1.03 (3.06)

	
2.63 (6.82)

	
7.66 (14.67)

	
14.62 (18.01)
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Table 6. DC density in breast cancers of different histologic type.
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CD1a

	
LAMP3

	
CD123

	
CD83

	
DC-SIGN






	

	
intratumoural

	
invasive margin

	
intratumoural

	
invasive margin

	
intratumoural

	
invasive margin

	
intratumoural

	
invasive margin

	
intratumoural

	
invasive margin




	

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p

	
mean (SD)

	
p




	
Histologic type




	
NOS

	
9.53 (16.18)

	
<0.015

	
8.57 (13.11)

	
<0.002

	
8.83 (15.91)

	
NS

	
12.08 (13.14)

	
NS

	
20.87 (26.12)

	
<0.001

	
30.51 (26.27)

	
<0.001

	
1.24 (3.08)

	
NS

	
2.94 (6.12)

	
NS

	
5.77 (11.82)

	
NS

	
13.32 (15.58)

	
NS




	
Lobular

	
3.06 (6.53)

	
2.18 (4.20)

	
2.41 (4.09)

	
6.00 (6.94)

	
4.12 (5.25)

	
13.35 (24.74)

	
3.71 (6.33)

	
4.65 (6.63)

	
4.18 (4.93)

	
10.29 (9.56)
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