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Abstract
Purpose Dendritic cells (DCs) are the most potent antigen-presenting cells that play a major role in initiating the antitumor 
immune response in different types of cancer. However, the prognostic significance of the accumulation of these cells in 
human early breast tumors is not totally clear. The aim of this study is to evaluate the prognostic relevance of CD1a( +) and 
CD83( +) dendritic cells in early breast cancer patients.
Methods We conducted immunohistochemical assays to determine the number of stromal CD1a( +) and CD83( +) DCs in 
primary tumors from early invasive ductal breast cancer patients, and analyzed their association with clinico-pathological 
characteristics.
Results Patients with high CD1a( +) DC number had lower risk of bone metastatic occurrence, as well as, longer disease-
free survival (DFS), bone metastasis-free survival (BMFS) and overall survival (OS). Moreover, CD1a( +) DC number was 
an independent prognostic factor for BMFS and OS. In contrast, we found that patients with high number of CD83( +) DCs 
had lower risk of mix (bone and visceral)-metastatic occurrence. Likewise, these patients presented better prognosis with 
longer DFS, mix-MFS and OS. Furthermore, CD83( +) DC number was an independent prognostic factor for DFS and OS.
Conclusion The quantification of the stromal infiltration of DCs expressing CD1a or CD83 in early invasive breast cancer 
patients serves to indicate the prognostic risk of developing metastasis in a specific site.
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Introduction

Breast cancer is the most common tumor type observed in 
women worldwide and the second leading cause of can-
cer death in the world with a mortality rate of 18 cases 
per 100,000 women in Argentina [1]. Despite advances in 

developing breast cancer therapies, the identification of new 
prognostic markers to be used in the clinic-pathological rou-
tine is needed for personalized treatment.

It is known that breast cancer pathogenesis depends on dif-
ferent factors [2]. The components of tumor microenvironment 
are implicated in promoting the “hallmarks” of cancer cells, 
as well as their proliferation and survival [3–5]. Particularly 
the immune system is an active component of the breast tumor 
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microenvironment, interacting with tumor and non-tumor cells 
involved in the immunological response [6].

Dendritic cells (DCs) infiltrate most cancer types, like 
breast cancer, and serve a protective role in antitumor immu-
nity through the expression of co-stimulatory molecules and 
inflammatory cytokines and by promoting the activation of T 
cells [7, 8]. DCs also promote immunosuppression by secret-
ing anti-inflammatory cytokines [9–12], or by expressing 
negative immunological checkpoint molecules, which inhibit 
T cell activation [13]. Within the tumor, infiltrating DCs 
are heterogeneous in regard to maturation, differentiation 
and state of activation [14], which are controlled and regu-
lated by a variety of microenvironmental signals, including 
cytokines and other surface molecules expressed on neigh-
boring cells [15, 16].

CD1 has considerable structural homology with both 
major histocompatibility complex (MHC) class I and class II 
molecules, and is involved in T cell activation. In contrast to 
MHC, CD1a appears to present predominantly non-peptide 
molecules originating from lipids and glycolipids [8, 17–21]. 
Although CD1a is usually known as a marker for immature 
DCs, in vitro systems show that it is also expressed in mature 
DCs [22, 23]. Considering the lipid alterations existing dur-
ing tumor development, CD1a could play an important anti-
tumor role [18, 24]. Previous studies show that the tumor 
infiltration of CD1a( +) DCs is associated with a favorable 
prognosis in many types of cancer [23, 25–27]. However, its 
implication in breast tumor progression remains uncertain.

CD83 has been identified to be expressed on mature and 
activated DCs [28]. These cells have the unique ability for 
antigen cross-presentation for helper and cytotoxic T lym-
phocytes in secondary lymphoid organs [29, 30]. Tze LE 
et al. demonstrated that the transmembrane-domain of CD83 
is both necessary and sufficient to stabilize MHC class II and 
CD86 surface expression on bone marrow DCs [31]. Thus, 
CD83 in DCs could also critically influences the outcome of 
T cell stimulation. However, the precise biologic function of 
CD83 on DCs remains the subject of controversial discus-
sion. Interestingly, some studies show that the expression 
of the CD83 marker in DCs could predict the survival of 
patients with breast cancer [19, 32].

Therefore, the aim of this present work was to study and 
clarify the prognostic relevance of the number of CD1a( +) 
and CD83( +) DCs in early invasive ductal breast carcinoma 
(I/II stage).

Materials and methods

Patient sample selection

We conducted a retrospective study including consecutive 
patients (age range 35–85 years) with confirmed breast 

cancer histological diagnosis who had undergone surgery at 
the Hospital Italiano, Buenos Aires, Argentina. The patients 
were women with early invasive ductal breast carcinoma 
(I/II stage), according to the International Union Against 
Cancer TNM classification system [33], with a minimum 
of 5-year follow-up after surgery. The cases were diagnosed 
between 2001 and 2012. The study started with 122 samples. 
Eight patients were subsequently excluded due to prior neo-
adjuvant therapies, lack of tissue, and/or another primary 
tumor development, leaving 110 and 112 cases to study the 
expression of CD1a and CD83, respectively. All patients 
were treated according to the recommendations of the Euro-
pean Society for Medical Oncology [34]. In our particular 
case, 84.0% of the patients (n = 112) were Luminal-like, 
being 69.6% (n = 78) of them Luminal A [estrogen recep-
tor (ER) + , progesterone receptor (PR) + , epidermal growth 
factor receptor (HER2/neu) -] and 14.4% (n = 16) Luminal B 
(ER ± , PR ± , HER2/neu +) and received hormone therapy 
and/or chemotherapy treatment. Moreover, 8.0% (n = 9) of 
the patients were Basal-like (ER -, PR -, HER2/neu -) and 
received chemotherapy. The remaining 8.0% (n = 9) of the 
patients had overexpression of HER2/neu and were treated 
with trastuzumab and chemotherapy. The Ethic Commit-
tees of the Instituto de Biología y Medicina Experimental 
(IBYME) and the Hospital Italiano approved this study; and 
informed consent was obtained from patients or their rela-
tives (IBYME’ approval: CE 051/June 2015 and approve-
ment of Hospital Italiano: nº1972/April 2013). This work 
was performed in accordance with the principles of the Hel-
sinki Declaration. Patients’ medical records and the anonym-
ity of the data were insured using a numeral code.

Classical prognostic markers were categorized accord-
ing to cutoffs used in the protocols of the Hospital Italiano 
[35] including (a) age < 50 or ≥ 50  years; (b) tumor 
size ≤ 2 or > 2 cm; (c) histological grade according to the 
Scarff–Bloom–Richardson grading system [36]; which is 
expressed as differentiated (G1), intermediate (G2), and 
poor (G3); (d) expression of ER and PR and HER2/neu 
was defined as negative or positive according to Wernicke 
M et al. [35]; (e) presence of regional metastatic lymph 
nodes was recorded as negative (negative nodes in axillary 
dissection or sentinel lymph node) or positive (including 
micrometastasis) (Table 1). Outcome data also included 
local relapse, metastatic occurrence, bone metastatic occur-
rence, visceral metastatic occurrence, mix (bone + visceral) 
metastatic occurrence, disease-free survival (DFS), local 
relapse-free survival, metastasis-free survival (MFS), bone 
metastasis-free survival (BMFS), visceral metastasis-free 
survival (VMFS), mix metastasis-free survival (mix-MFS), 
and overall survival (OS). DFS, MFS, BMFS, VMFS and 
mix-MFS were defined as the interval from the date of sur-
gery to the first observation of tumor occurrence (metastatic 
event and/or local relapse) or last follow-up. The interval 



1330 Breast Cancer (2021) 28:1328–1339

1 3

from the date of surgery until death or last follow-up was 
defined as OS [37].

The site of breast cancer metastasis and the number of 
patients per site of metastasis were the following: bone 
metastasis [costal arches (n = 3), lumbar spine (n = 2), sternal 
body (n = 2), sacrum (n = 1) and multiple bone sites (n = 2)], 
visceral metastasis [hepatic (n = 4), pleural (n = 3) and pul-
monary (n = 3)] and mix-metastases [sacrum–hepatic–pul-
monary (n = 1), cost arch–hepatic (n = 1), spine–hepatic–pul-
monary (n = 3), cost arch–hepatic–gastric (n = 1) and finally 
iliac bone–hepatic (n = 1)] (Table 1).

Tissue processing

Breast tissues were processed as described by Martinez LM 
et al. [37].

Analysis of intratumoral stroma CD1a and CD83 DCs

Immunohistochemistry technique was used to determine 
the numbers of CD1a and CD83 DCs as we described in a 
previous work using 0.01 M citrate buffer, pH 6, (anhydrous 
sodium citrate, #7171, Anedra, Buenos Aires, Argentina) as 
antigen-retrieval [37]. Briefly, the sections were incubated 
overnight at 4 °C in a humidified chamber with primary 
antibodies anti-human CD1a (1/50, rabbit IgG, EP3622, 
Cell Marque, Rocklin, CA, USA) or CD83 (1/40, mouse 
IgG1, Ab49324, Abcam, Cambridge, UK). We revealed the 
presence of these DCs with a peroxidase-based immunohis-
tochemistry staining method (K0690, Dako, Santa Clara, 
CA, USA) and a 3,3′-diaminobenzidine tetrahydrochloride 
substrate system (K3468, Dako, Santa Clara, CA, USA) 
was used as the chromogen. Hematoxylin (#121, Biopur, 
Rosario, Santa Fe, Argentina) was employed for counter-
staining, and the slides mounted for viewing using Canada 
Balsam (#141, Biopur, Rosario, Santa Fe, Argentina). Nega-
tive controls were performed with an irrelevant antibody 
as an isotype control: mouse IgG1 isotype (X0931, Dako, 
Santa Clara, CA, USA) and normal rabbit immunoglobulins 
(X0936, Dako, Santa Clara, CA, USA), according to the 
concentration of the primary antibodies.

Cells displaying membranous staining, nuclear counter-
staining and typical DC morphology were counted in the 
tumor stroma. DC density was quantified as the mean num-
ber of intratumoral stroma CD1a( +) or CD83( +) cells of 5 
representative optical field areas per tissue section (X400 
magnification). The reading of the slides was estimated inde-
pendently by two pathologists. There was 87.5% agreement 
in immunohistochemical evaluation between the two observ-
ers (Kappa value = 0.840).

Statistical analysis

The statistical analysis of the associations between the num-
ber of intratumoral stroma CD1a or CD83 DCs and clinico-
pathological characteristics, as well as the determination of 
the optimal cutoff value, was made as previously described 
by Martinez LM et al. [37]. The cutoff value was used to 
classify the number of DCs as negative/low or high. To 
determine the optimal cutoff value, the first quartile (Q1), 
median, and the third quartile (Q3) values were used for 
the binomial classification of samples. Then we individu-
ally tested the association between categorized intratumoral 
stroma number of DCs and OS of patients in univariate anal-
ysis. The cutoff value with the lowest p value was chosen. 

Table 1  Clinico-pathological characteristics

Clinico-pathological characteristics of 112 patients with early inva-
sive ductal breast cancer, I and II clinical stage, before neoadyuvant 
therapies. HER2/neu human epidermal growth factor receptor 2, ER 
estrogen receptor, PR progesterone receptor.

Clinico-pathological Characteristics Patients (n) Patients (%)

Age (years)
 < 50 25 22.3
 ≥ 50 87 77.7

Tumor size (cm)
 ≤2 82 73.2
 > 2 30 26.8

Histological grade
 G1 18 16.1
 G2 56 50.0
 G3 38 33.9

HER2/neu status
 Negative 87 77.7
 Positive 25 22.3

ER status
 Negative 21 18.7
 Positive 91 81.3

PR status
 Negative 27 24.1
 Positive 85 75.9

Regional lymph nodes
 Negative 83 74.1
 Positive 29 25.9

Local relapse
 Negative 103 92.0
 Positive 9 8.0

Metastatic ocurrence
 Non metastasis 85 75.9
 Metastasis 27 24.1

Immunohistological subtypes
 Luminal A( ER+, PR+, HER2/neu-) 78 69.6
 Luminal B( ER+/-, PR+/-, HER2/neu+) 16 14.4
 Basal like ( ER-, PR-, HER2/neu-) 9 8.0

Overexpression of HER2/neu ( ER-, PR-, 
HER2/neu+)

9 8.0
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The optimal cutoff values for intratumoral stroma DCs were 
as follows: CD1a = 2.80 (median) and CD83 = 0.00 (Q1). In 
the case of the CD83 cutoff value, any CD83( +) DC number 
was considered above the cutoff.

We used Fisher’s exact test to evaluate the association of 
intratumoral stroma DCs with classical prognostic markers 
as well as local relapse, metastatic occurrence, bone meta-
static occurrence, visceral metastatic occurrence and mix-
metastatic occurrence. The relation between the number of 
DCs and metastatic occurrence (bone, visceral and mix) was 
displayed as a heat map prepared using Excel (Fig. 1). Uni-
variate analyses of DFS, local relapse-free survival, MFS, 
BMFS, VMFS, mix-MFS and OS were evaluated using the 
Kaplan–Meier method, and the differences were evaluated 
using the log-rank (Mantel–Cox) test [34]. The application 
of the Cox proportional hazards model to the multivariate 
survival analysis used backward stepwise selection (likeli-
hood ratio) incorporating only the significant variables in the 
univariate analysis. Finally, it is important to highlight that 
Cox regression (Cox proportional hazards regression) model 
for survival-time (time-to-event) demonstrated that the total 
number of events included in this study was sufficient to 
strengthen our results. Signification level was set at 0.05. 
Statistical analysis was performed by an expert statistician 
using SPSS software (version 18.00, Chicago, Illinois).

Results

Association of the number of intratumoral 
stroma CD1a and CD83 DCs with patients’ 
clinico‑pathological characteristics

Our data demonstrated that CD1a( +) and CD83( +) DC 
numbers were associated with tumor size (p = 0.0049 and 
p = 0.0316, respectively. Table  2). Patients with tumor 
size ≤ 2 cm had a high number of CD1a and CD83 DCs 
(Table 2).

In addition, patients with high numbers of CD1a( +) DCs 
had a significantly lower risk of metastatic and bone meta-
static occurrence than patients with low number, p = 0.0067 
and 0.0348, respectively (Table 2, Fig. 1 heat map). Patients 
with high number of CD83( +) DCs had a significantly 

lower risk of metastatic and mix-metastatic occurrence than 
patients with low number, p = 0.0038 and 0.0223, respec-
tively (Table 2, Fig. 1 heat map).

Furthermore, we observed an association of the high 
number of CD1a( +) DCs with longer DFS, MFS, BMFS 
and OS (p = 0.0111, 0.0016, 0.0109 and 0.0245, respec-
tively. Table  3 and Fig.  2). The values of DFS, MFS, 
BMFS and OS of the patients with high versus low num-
ber of CD1a( +) were (months as mean ± SE) as follows: 
DFS = 172.96 ± 8.80 vs. 124.95 ± 9.43, MFS = 177.04 ± 8.82 
vs. 120.47 ± 10.81, BMFS = 196.41 ± 3.55 vs. 152.18 ± 8.25 
and OS = 184.62 ± 6.58 vs. 143.24 ± 7.82, respectively.

High number of CD83( +) DCs was associated with 
longer DFS, MFS, mix-MFS and OS (p = 0.0018, 0.0016, 
0.0099 and 0.0028, respectively. Table 3, Fig. 3). The val-
ues of DFS, MFS, mix-MFS and OS of the patients with 
high number of CD83( +) DCs were as follows (months as 
mean ± SE): 155. 65 ± 6.60, 154.97 ± 7.01, 173.59 ± 3.31 
and 165.34 ± 5.01, respectively. While, the values of DFS, 
MFS, mix-MFS and OS of the patients with low/negative 
CD83( +) DC number were: 133.74 ± 11.63, 138.49 ± 11.22, 
176.05 ± 8.38 and 153.02 ± 10.17, respectively.

Association of classical prognostic factors 
with tumor progression

Age was associated with visceral metastatic occurrence in 
these patients (p = 0.0037, Table 4). Furthermore, the age 
was associated with DFS, MFS and VMFS (p = 0.0406, 
0.0298 and 0.0008, respectively. Table 3). In addition, tumor 
size was associated with metastatic occurrence, as well as 
bone and mix-metastatic occurrence (p = 0.0002, 0.0219 and 
0.0045, respectively. Table 4). Patients with tumors > 2 cm 
had a higher risk of developing metastasis, bone metastasis 
and mix metastasis. All these patients also had significantly 
lower values of DFS, MFS, BMFS, mix-MFS and OS com-
pared with those patients with tumor size ≤ 2 cm (p = 0.0009, 
0.0001, 0.0048, 0.0005 and 0.0004, respectively. Table 3). 
Moreover, there was an association between tumor differ-
entiation grade and MFS (p = 0.0411. Table 3). Likewise, 
the patients with ER positive had a significantly lower risk 
of metastatic occurrence (p = 0.0443. Table 4). Even more, 
these patients presented higher values of DFS, MFS, VMFS 

Fig. 1  Heat map showing the relation between the number of CD1a( +) and CD83( +) dendritic cells with metastatic occurrence in early invasive 
breast cancer patients. Graphic show data for tumor samples with high and negative/low number of these cells
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and OS (p = 0.0255, 0.0152, 0.0469 and 0.0006, respec-
tively. Table 3). Finally, the patients with PR positive had 
a significantly lower risk of developing visceral metastatic 
occurrence (p = 0.0356. Table 4). These patients showed 
higher values of VMFS and OS compared with PR negative 
(p = 0.0270 and 0.0047, respectively. Table 3).

Multivariate analysis

Intratumoral stroma CD1a( +) DC number was an independ-
ent prognostic factor for MFS, BMFS and OS (p = 0.0229, 
0.0342 and 0.0222, respectively. Table 5). Also, CD83( +) 
DC number was an independent prognostic factor for DFS 
and OS (p = 0.0257 and 0.0371, respectively. Table 5). 
ER expression was an independent prognostic factor for 
OS (p = 0.0020), while tumor size was an independent 

prognostic factor for DFS and mix-MFS (p = 0.0285 and 
0.0162, respectively. Table 5).

Discussion

Our study revealed that the number of CD1a( +) DCs into 
breast tumor tissue had a significant impact on the prognosis 
after surgery. Interestedly, our results showed that patients 
with a high number of intratumoral stroma CD1a( +) DCs 
had lower risk of metastatic occurrence, in particular in 
bone, as well as longer DFS, MFS, BMFS and OS. Moreo-
ver, the number of CD1a( +) DCs was an independent prog-
nostic factor for MFS, BMFS and OS. All these results sug-
gest that the pathological evaluation of CD1a( +) DCs in 
tumor samples could have clinical implications regarding the 
selection of specific therapies for patients with early invasive 

Table 2  Relationship between tumor-infiltrating cd1a(+) and cd83(+) dendritic cells number and clinico-pathological characteristics

Relationship between tumor-infiltrating CD1a(+) and CD83(+) dendritic cells number and clinico-pathological characteristics in early invasive 
breast cancer patients. The association between variables was performed using the Fisher exact test. HER2/neu human epidermal growth factor 
receptor 2, ER estrogen receptor, PR progesterone receptor. *p-value <0.050

Clinico-pathological characteristics Dendritic cells

CD1a CD83

n High expression
(%)

p n High expression
(%)

p

Age (years) < 50 25 13 (52.0) 0.6496 25 11 (44.0) 0.2610
≥ 50 85 39 (45.8) 87 50 ( 57.5)

Tumor size (cm) ≤2 80 44 (55.0) 0.0049* 82 50 (60.9) 0.0316*
> 2 30 8 (26.6) 30 11 (36.6)

Histological grade G1 16 9 (56.2) 0.5042 18 11 (61.1 ) 0.8171
G2 55 27 (49.1) 56 30 ( 53.6)
G3 39 16 (41.0) 38 20 (52.6)

HER2/neu status Negative 85 41 (48.2) 0.6466 87 51 (58.6) 0.1149
Positive 25 10 (40.0) 25 10 (40.0)

ER status Negative 21 10 (47.6) 0.8140 21 8 (38.1) 0.1436
Positive 89 41 (46.0) 91 53 (58.2)

PR status Negative 27 13 (48.1) 0.8270 27 12 (44.4) 0.2709
Positive 83 38 (45.7) 85 49 (57.6)

Regional lymph nodes Negative 80 42 (52.5) 0.1306 83 50 (60.2) 0.1278
Positive 30 10 (33.3) 29 13 (44.8)

Local relapse Negative 101 49 (48.5) 0.2789 103 58 (56.3) 0.2958
Positive 9 3 (33.3) 9 3 (33.3)

Metastatic occurrence Negative 84 46 (54.8) 0.0067* 85 53 (62.3) 0.0038*
Positive 26 6 (23.0) 27 8 (29.6)

Bone metastatic ocurrence Negative 100 50 (50.0) 0.0348* 102 58 (56.8) 0.1812
Positive 10 2 (20.0) 10 3 (30.0)

Visceral metastatic ocurrence Negative 100 48 (48.0) 0.4976 103 57 (55.3) 0.7294
Positive 10 3 (30.0) 9 4 (44.4)

Mix metastatic ocurrence Negative 104 50 (48.1) 0.2789 104 60 (57.7) 0.0223*
Positive 6 2 (33.3) 8 1 (12.5)
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ductal breast cancer. Our findings are similar to those found 
in other types of cancer [18, 23, 27, 38, 39]. Although Cov-
entry BJ et al. [38] found that tumor-infiltrating CD1a ( +) 
DCs did not correlate with OS at the 5-year time point fol-
lowing surgery, they found an association trend. In relation 
to this result, Coventry BJ and co-authors hypothesized that 
the small sample size could have been a possible limitation 
of the study (n = 48).

We also observed that a high number of intratumoral 
stroma CD83( +) DCs were associated with good progno-
sis. Importantly, the high number of CD83( +) DCs cor-
related with a decreased risk of metastatic occurrence, in 
particular mix-metastatic occurrence. Furthermore, these 
patients presented better prognosis with longer DFS, MFS, 
mix-MFS and OS. Moreover, the number of CD83( +) DCs 
was an independent prognostic factor for DFS and OS. These 
last results are in agreement with the observations of Iwa-
moto M et al. [19], who reported a significant association 
between the increasing number of CD83( +) DC infiltration 
and longer local relapse-free survival and OS.

Anti-tumor immune responses are often present in 
patients with cancers, but appear to be ineffective, with 
apparent local immunosuppression present in many cases 
[40]. Inhibition of DC function, perhaps by CD1a and CD83 
down-regulation, is a possible mechanism for this immuno-
suppression. One of the possible causes of the decreased 
infiltration of CD1a( +) and CD83( +) DCs in breast tumor 
may be the presence of immunosuppressive factors, which 
would modify the events of differentiation, maturation and 
activation of DCs [19, 41, 42].

Sombroek C et al. [42] found that CD1a expression can 
be inhibited by tumor-derived factors, like IL-10, IL-6, and 
PGE2, from different cancer cell lines, like breast cancer. 

This event could not only interfere with DC detection (using 
CD1a as a marker) but also reduce antigen presentation via 
CD1a pathway. In previous work, using the same cohort of 
patients, we observed that IL-6 was differentially expressed 
between tumor and normal breast tissue [43]. We found an 
increase of IL-6 expression in both tumor cells and spindle-
shaped stromal cells, not associated with the vasculature, 
compared to normal breast tissue [43]. In parallel, other 
investigators observed that IL-6 secreted by breast cancer 
cells can shift monocyte differentiation into macrophages 
at the expense of DCs, thereby skewing antigen presenta-
tion toward antigen degradation [44, 45]. Moreover, stud-
ies showed that this inflammatory cytokine is involved in 
promoting tumor proliferation, angiogenesis and vasculo-
genesis as well as osteoclastogenesis [46–48]. Finally, it 
is known that patients with bone metastasis have elevated 
serum levels of IL-6 and soluble IL-6R and they are associ-
ated with a poor clinical outcome [49]. Taking into account 
all these previous results of other authors and ours, we can 
infer that the presence of IL-6 could decrease the amount 
of CD1a( +) DC infiltration in primary tumors increasing 
the development of bone metastasis in early invasive breast 
cancer patients.

In the case of CD83( +) DCs, it is known that CD83 has 
been identified to be expressed on mature and activated DCs 
[19, 32]. Mature DCs may be of great importance in initiat-
ing the primary antitumor immune response [19]. In particu-
lar, the transmembrane-domain of CD83 is both necessary 
and sufficient to stabilize MHC class II and CD86 surface 
expression on bone marrow DCs [31]. Thus, CD83( +) DCs 
have the unique ability for antigen cross-presentation for 
helper and cytotoxic T lymphocytes in secondary lymphoid 
organs [29, 30]. It is known that generally the infiltration 

Table 3  Univariate analysis

Univariate analysis for disease-free survival, metastasis-free survival, bone metastasis-free survival, visceral metastasis-free survival, mix metas-
tasis-free survival, and overall survival with clinical prognostic factors and CD1a and CD83 dentritic cells number in early stage breast cancer. 
HER2/neu human epidermal growth factor receptor 2, ER estrogen receptor, PR progesterone receptor. p-value < 0.050. The association between 
variables was performed using log-rank (Mantel-Cox)-test.

Univariate analysis p-value

Disease-free 
survival

Metastasis-free 
survival

Bone Metastasis- 
free survival

Visceral Metastasis-
free survival

Mix Metastasis-
free survival

Overall survival

Age 0.0406* 0.0298* 0,4848 0.0008* 0.5254 0.1389
Tumor size 0.0009* 0.0001* 0.0048* 0.3366 0.0005* 0.0004*
Histological grade 0.0745 0.0411* 0.3295 0.5229 0.1426 0.0934
HER2/neu status 0.4024 0.4228 0.5119 0.8042 0.8666 0.1186
ER status 0.0255* 0.0152* 0,2669 0.0469* 0.6145 0.0006*
PR status 0.3538 0.2003 0.7897 0.0270* 0.9698 0.0047*
Regional lymph nodes 0.6900 0.8573 0.2910 0.3426 0.8849 0.3125
CD1a 0.0111* 0.0016* 0.0109* 0.1485 0.1242 0.0245*
CD83 0.0018* 0.0016* 0.0626 0.3436 0.0099* 0.0028*
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of DCs in tumors has been associated with better progno-
sis and less occurrence of metastases [19]. In relation, Iwa-
moto M et al. found that the number of CD83 ( +) DCs was 
associated with both local relapse-free survival and OS in 
patients with breast cancer [19]. However, the precise bio-
logic function of CD83( +) DCs in the progression of breast 
cancer remains a subject of discussion. Therefore, future 
studies need to be done to understand why the high number 
of CD83( +) DCs correlated in particular with a decreased 
risk of mix-metastatic occurrence.

In summary, we demonstrated that a high number of 
intratumoral stroma CD1a( +) and CD83( +) DCs serve as 
prognostic markers of good patient outcome. Specifically, 

we found that high stromal infiltration of CD1a( +) DCs 
indicates a low risk of developing bone metastasis in early 
invasive breast cancer patients. Meanwhile, high stromal 
infiltration of CD83( +) DCs indicates a low risk of devel-
oping mix-metastasis (bone + visceral). These new findings 
could help in the selection of therapies for a subgroup of 
patients with a poor outcome. So, it may provide a ration-
ale for further studies designed to combine immunotherapy 
with the capability to activate the host immune system (like 
antigen-pulsed DC second-line therapy) together with rou-
tine treatment, heralding the development of a more effective 
therapeutic strategy for breast carcinoma.

Fig. 2  Association of CD1a( +) dendritic cells number with disease-
free survival, metastasis-free survival, bone metastasis-free survival 
and overall survival in early invasive ductal breast cancer patients. 
A Kaplan–Meier curve (Univariate analysis) shows data for tumor 
samples with high and negative/low of CD1a( +) dendritic cells num-
ber. B Photographs show a representative immunohistochemistry 
staining for CD1a( +) dendritic cells of primary tumor tissue from a 

breast cancer patient. The arrows show positive staining of evaluated 
CD1a( +). Inset shows positive expression of CD1a dendritic cell. No 
staining was observed in the tissue when we incubated with normal 
rabbit IgGs as a negative control. Nuclei were counterstained with 
hematoxylin (purple). Original magnification: 400 × . The scale bar 
represents 25 and 10 μm in the inset 
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Fig. 3  Association of CD83( +) dendritic cells number with disease-
free survival, metastasis-free survival, mix metastasis-free survival 
and overall survival in early invasive ductal breast cancer patients. 
A Kaplan–Meier curve (Univariate analysis) shows data for tumor 
samples with high and negative/low CD83( +) dendritic cells num-
ber. B Photographs show a representative immunohistochemistry 
staining for CD83( +) dendritic cells of primary tumor tissues from 

breast cancer patients. The arrows show positive staining of evaluated 
CD83( +). Inset shows positive expression of CD83 dendritic cell. No 
staining was observed in the tissue when we incubated with normal 
mouse IgG1 as a negative isotype control. Nuclei were counterstained 
with hematoxylin (purple). Original magnification: 400 × . The scale 
bar represents 25 and 10 μm in the inset 
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