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lated with lymph node involvement and tumor grade. Among
the chemokines analyzed, only the presence of MIP-3b/CCL19
in 57% of the tumors correlated with prolonged overall survival. CD123ⴙ plasmacytoid DC (pDC) infiltrated 13% of the
primary tumors. Their presence was strongly associated with
shorter overall survival (93% versus 58% at 60 months) and
relapse-free survival (90% versus 37% at 60 months) and was
found to be an independent prognostic factor for overall survival and relapse-free survival and confirmed in an independent validation series of 103 patients.
Conclusions: Infiltration by pDC of primary localized
breast tumor correlates with an adverse outcome, suggesting
their contribution in the progression of breast cancer.

ABSTRACT

INTRODUCTION

Purpose: Although dendritic cells (DC) and T cells can
infiltrate primary breast carcinoma, it remains unclear
whether the immune response influences the clinical outcome.
Experimental Design: T lymphocytes and DC infiltration within primary tumors was investigated in 152 patients
with invasive nonmetastatic breast cancer. CD1a, CD3,
CD68, CD123, CD207/Langerin, and CD208/DC-LAMP expression was assessed with semiquantitative immunohistochemical analysis. Expression of chemokines involved in DC
migration (MIP-3a/CCL20, MIP-3b/CCL19, and 6Ckine/
CCL21) was also examined. The correlation between these
markers and the characteristics of the tumors, as well as
relapse-free and overall survival was analyzed. Significant
prognostic parameters were then tested in a validation series.
Results: Infiltration by immature CD207/Langerinⴙ DC
was found in a third of the cancers and did not correlate with
clinicopathological data. Presence of mature CD208/DCLAMPⴙ DC (56%) and CD3ⴙ T cells (82%) strongly corre-

Breast cancer is the most frequent malignant tumor of
women in Western countries. The prognosis of early breast
carcinoma is influenced by several clinical and biological variables. Among these, signs of early dissemination such as the
presence of tumor cells in regional lymph nodes and, possibly,
in bone marrow are well-established, adverse prognostic factors
(1, 2). In addition, the phenotypic and molecular characteristics
of the tumor, especially the histologic grade, the hormone receptor expression, and HER-2/neu amplification, are prognostic
factors for relapse and death and predictive factors for resistance
to hormone and cytotoxic therapy (3). Recently, level of cyclin
E (4) and in situ mRNA expression profile have also been linked
to the survival of breast cancer patients (5).
Several lines of evidence suggest that the immune response
may also influence the progression of tumors. The concept of
tumor immunosurveillance, which was proposed more than 40
years ago (6), has been supported in humans by epidemiologic
studies revealing a correlation between clinical immunosuppression and cancer development (7). Tumor immunosurveillance
was recently shown through the use of tumor-prone and immunodeficient mice (8, 9). The capacity of both innate resistance
and adaptative immunity to affect the progression of tumors has
been shown in several mouse models (10, 11) and, more recently, in patients receiving tumor-specific vaccine (12). However, the role of the T-cell–mediated immune response in controlling cancer progression remains poorly documented.
In primary breast cancer, an efficient antitumor immune
response has not been shown, although dendritic cells (DC)
infiltrate the tumors (13) and antibodies directed against p53
(14) or HER-2/neu (15) have been detected in the sera of
patients. Indeed, unlike other tumor types, the incidence of
breast cancer is not altered in immunocompromised patients
(16), and some nonspecific immunostimulating therapies have
been suggested to worsen the prognosis (17). Immature DC have
been recently shown to infiltrate primary breast carcinoma,
whereas mature DC were only found at the periphery of the
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tumor (13, 18). However, the clinical relevance of this observation remains unclear because immature DC infiltration in
primary breast carcinoma does not correlate with improved
survival (19, 20) in contrast to other tumor types (21–23).
The present study confirms that the frequent infiltration of
primary breast carcinomas by myeloid DC does not correlate with
prognosis. However, a strong correlation was observed between
plasmacytoid DC (pDC) infiltration and poor survival, suggesting
a contribution of these immune cells in tumor progression.

PATIENTS AND METHODS
Patient Selection
The 1996 Series. All clinical and biological data on early
breast cancer were collected prospectively and included in a

regularly updated computer database at Centre Léon Bérard
since 1996. The first 152 patients with invasive nonmetastatic
breast cancer treated in the Centre Léon Bérard since 09/01/
1996 were analyzed. Patient characteristics are presented in
Table 1. The median follow-up of the series is 60 months (range
2 to 72).
The 1997 Validation Series. The first 103 patients with
invasive nonmetastatic breast cancer treated at the Centre
Léon Bérard since 06/01/1997 were analyzed. Patient characteristics are presented in Table 1 and show that, although
similar, the tumor size was on average smaller with a lower
frequency of lymph node invasion than in the 1996 series.
The median follow-up of the series is 58 months (range 6 to
68 months).

Table 1 Patient characteristics
n (%)

Age
Tumor size
0
1
2
3
4
Number of involved lymph nodes
0
1–3
4–8
⬎8
SBR
1
2
3
ER
0
⫹
PgR
0
⫹
ER & PgR
0
HER2 ⴱ
0–2⫹
3⫹

The 1996 series

Validation series

56 (30–89)

54 (31–83)

17 (11)
44 (29)
45 (30)
15 (10)
31 (20)

9 (8)
59 (57)
31 (30)
2 (3)
3 (3)

61 (40)
52 (35)
18 (12)
21 (13)

61 (59)
29 (28)
8 (8)
6 (6)

40 (26)
67 (44)
45 (30)

21 (20)
53 (51)
30 (29)

37 (24)
115 (76)

21 (20)
78 (75)

43 (28)
109 (72)

28 (27)
62 (69)

23 (15)

11 (11)

131 (87)
21 (13)

92 (92)
8 (8)

Immune markers
Proportion of positive cells
⫹

⫹⫹

⫹⫹⫹

Total⫹

0

⫹

⫹⫹

⫹⫹⫹

Total⫹

63 (41)
91 (60)
55 (36)
33 (22)
23 (15)
18 (12)

38 (25)
25 (17)
26 (17)
9 (6)
13 (9)
2 (1)

24 (16)
5 (3)
3 (2)
4 (3)
5 (3)
0

125 (82)
121 (70) †
84 (56) †
46 (30)
41 (27)
20 (13)

24 (23)

33 (32)

13 (13)

78 (77) ‡

35 (35)

35 (35)

8 (8)

66 (66) ‡

93 (90)

11 (11)

32 (31)
ND
23 (23)
ND
ND
0

0

11 (11)

On tumor cells and cells in the stroma
MIP3␤
66 (43)
32 (21)
6CK
141 (93)
8 (5)

42 (28)
3 (2)

11 (7)
0

85 (57) †
11 (7)

55 (54)

10 (10)

31 (31)
ND

5 (5)

56 (56)‡

0
Cells in the stroma
CD3
27 (17)
CD68
30 (20)
DC Lamp
67 (44)
Langerin
106 (70)
CD1a
111 (73)
CD123
132 (87)

Abbreviations: ER, estrogen receptor; PgR, progesterone receptor; ND, not determined.
ⴱ Not available in 4 patients.
† CD68, DC Lamp, and MIP3␤ expression was not interpretable in one sample.
‡ CD3 expression was not interpretable in 2 samples. DC Lamp and MIP3␤ in 3 samples.
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Treatment. All of the patients were treated according to
the following procedures: radical mastectomy for central tumors or
tumors larger than 3 cm, conservative surgery followed by radiotherapy for the remaining patients. Adjuvant chemotherapy with
anthracyclins was given to node-positive patients and to nodenegative patients with two or more of the following criteria: tumor
larger than 3 cm, Scarff-Bloom-Richardson grading index (SBR; a
pathological index of tumor aggressiveness) of grade 2 to 3, and
negative estrogen receptor, and progesterone receptor expression.
Adjuvant chemotherapy with anthracyclins was given to T4d tumors. Tamoxifen 20 mg/day was given for 5 years in patients with
estrogen receptor or progesterone receptor expressing tumors.
Immunohistochemical Staining
Paraffin-embedded breast tumors tissues were used for
analysis. Slides were reviewed, and the blocks containing invasive carcinoma were serially sectioned at a thickness of 4 m.
After deparaffinization and rehydratation, incubating the slides
in 5% hydrogen peroxide in sterile water blocked endogenous
peroxidases. For heat-induced antigen retrieval, tissue sections
were boiled in 10 mmol/L citrate buffer pH6 with either a
microwave oven for 15 minutes [anti-CD3 rabbit polyclonal
(Dako, Trappes, France); anti-CD1a mouse clone 010 (Beckman-Coulter/Immunotech, Marseille, France); anti-CD208/DCLAMP rat clone 1010E1 and anti-CD207/Langerin mouse clone
310F7 (Schering-Plough, Dardilly, France); and anti-hCCL19
goat polyclonal (R&D Systems, Minneapolis, MN)] or a water
bath at 97°C for 40 minutes [anti-hCCL21 polyclonal (R&D
Systems)]. No antigen retrieval was done for the following
antibodies: anti-CD123 mouse clone 107D2 (Schering-Plough),
anti-BDCA2 mouse clone 104C12 (Schering-Plough), and antiCD68 mouse clone PGM1 (Beckman-Coulter/Immunotech).
Nonspecific binding was blocked with the Ultratech Kit blocking solution (Beckman-Coulter/Immunotech) for 5 minutes except for anti-CD123 (10 minutes), anti-CD1a, and anti-hCCL19
antibodies (15 minutes). The slides were then incubated at room
temperature for one hour with the primary antibodies from the
list above. These antibodies were used directly (anti-CD1a and
anti-CD68-PGM1) or were diluted with an antibody diluent
solution (Chem Mate, Dako) at 1 of 25 (anti-hCCL19), 1 of 50
(anti-hCCL21), 50 g/mL (anti-CD207/Langerin), 1 of 200
(anti-CD3), 0.5 g/mL (anti-CD208/DC-LAMP), 5 g/mL (antiCD123), and 1 of 150 (anti-BDCA2). For the negative control
slides, the primary antibody was replaced by isotype-matched
control monoclonal antibody or nonimmune serum. After rinsing in PBS, the slides were incubated with a biotinylated secondary antibody bound to a streptavidin peroxidase conjugate
(Ultratech HRP DAB kit, Beckman-Coulter/Immunotech or
LSAB⫹ kit, Dako) for anti-hCCL19 and anti-hCCL21. Bound
antibody was revealed by adding the substrate 3,3⬘-diamino
benzidine. Sections were counterstained with hematoxylin and
analyzed independently by two investigators blinded for the
clinical outcome of the patients.
Semiquantitative Evaluation of the Stainings
On the observation of the first 30 cases, an arbitrary
grading system was defined for each antibody in which the
density of positive cells within the tumor was assessed semi-

quantitatively on the whole tissue section. This classification
allowed the stratification of the tumors as positive or negative
for CD123 or in three groups for CD68, CD3, CD1a, CD207/
Langerin, and CD208/DC-LAMP. For the three-groups scale,
20 tumors were first classified according to the number of
positive cells in at least 5 low-power fields (⫻100) within the
high staining spots as negative, low (⫹), intermediate (⫹⫹),
or high (⫹⫹⫹) positive. Slide representative for each group
was used as reference during the analysis of the subsequent
cases. For antibodies against hCCL19 and hCCL21, both the
percentage of positive cells (either tumoral or infiltrating
cells) and the intensity of the staining (three grades) on the
whole tissue section were assessed semiquantitatively. Two
pathologists blind for clinical data scored independently all
of the slides according to the established criteria. The two
investigators reviewed the few cases of discordance (⬍5%
for each marker) to reach a consensus.
Statistical Analysis
The correlation between the clinicobiological data and the
phenotype of both tumor and stromal cells within the tissue was
done with the 2 test or Fisher exact test in Table 2. The
correlation between the different phenotypic markers of immune
cells was also tested with the Pearson test. Survival curves were
plotted with the Kaplan Meier method, and we used the log-rank
test to compare survival. Multivariate analysis of prognostic
factors for overall survival and relapse-free survival was done
with the Cox model. All statistical analysis was done with the
procedures of the SPSS 10.02 package.

RESULTS
Immune Cell Infiltration, Chemokine, and Chemokine
Receptor Expression in Breast Tumors. Table 1 describes
the presence and phenotype of immune cells, as well as the
chemokine and chemokine receptor expression pattern in the
1996 series of 152 patients with primary invasive nonmetastatic
breast tumors. Examples of immunohistochemical stainings obtained for markers with clinical relevance are presented in Fig.
1. One hundred and twelve tumors from this series were infiltrated by DC. Present in almost one-third of the tumors, CD207/
Langerin⫹ and CD1a⫹ DC displayed tight contacts with cancer
cells (Fig. 1A; data not shown). CD207/Langerin and CD1a
expressions were highly correlated (r ⫽ 0.71, P ⬍ 0.0001).
Fifty-six percent of the tumors contained CD208/DC-LAMP⫹
mature DC (Fig. 1B), which were consistently located within
CD3⫹ T-cell infiltrates. Indeed, a strong correlation was observed between CD208/DC-LAMP expression and CD3⫹ Tlymphocyte infiltrates (Fig. 1A; r ⫽ 0.73, P ⬍ 0.0001). Thirteen
percent of the tumors were infiltrated by CD123⫹ small racquetshaped cells with an eccentric nucleus that correspond to the
typical morphology of pDC (Fig. 1C; ref. 24). Using BDCA2
staining on paraffin sections, these CD123⫹ cells were also
found to express BDCA2, a marker specific for pDC (ref. 25;
Fig. 1D). Identification of pDC was additionally confirmed by
double CD123/BDCA2 staining of frozen sections originating
from the same tumors (data not shown). Of note, CD123⫹ pDC
were never found within CD3⫹ T-cell infiltrates, but sometimes
occurred in the vicinity of tumor cells (Fig. 1, C and D).
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Table 2

Correlations between tumor characteristics and T-cell or DC infiltration
CD3 (%)

Age
⬍35
35–50
⬎50
T
0
1
2
3
4
n
0
⬎0
SBR
1
2
3
HER2
0–2
3
Hormone receptors
0
⫹

DC Lamp (%)

n (%)

0

⫹

⫹⫹

⫹⫹⫹

P

0

⫹

⫹⫹/⫹⫹⫹

5 (3)
41 (27)
106 (70)

0
22
17

0
34
45

60
22
24

40
22
13

0.33

60
75
68

40
12
24

0
12
8

17 (11)
44 (29)
45 (30)
15 (10)
31 (20)

35
18
11
26
13

41
45
42
33
39

6
18
24
40
39

18
18
22
0
10

0.14

82
52
73
93
71

18
30
18
0
29

61 (40)
91 (60)

21
15

54
33

16
31

8
21

0.004

59
34

40 (26)
67 (44)
45 (30)

30
15
11

42
51
27

20
24
31

7
10
31

131 (87)
21 (13)

22
3

40
24

26
34

23 (15)
129 (85)

9
19

17
46

26
25

CD123 (%)
0

⫹/⫹⫹

P

0.55

100
85
87

0
15
13

0.03

0
18
9
7
0

0.06

94
91
87
93
74

6
9
13
7
26

0.25

31
40

10
26

0.005

89
86

11
14

0.61

0.004

59
48
27

26
37
44

15
15
29

0.03

97
82
84

3
18
16

0.06

12
38

0.004

48
23

37
33

15
43

0.009

89
79

11
21

0.12

48
10

0.0001

22
48

26
38

52
13

0.0001

83
88

17
12

0.51

P

NOTE. P of a  test or Fisher’s exact test analysis of the correlation between clinical and biological parameters and CD3, DC Lamp, and CD123
expression.
Abbreviation: T, tumor size.
2

Interestingly, an anti-MxA monoclonal antibody did not stain
pDC in any of the 20 tumors of the 1996 series infiltrated with
pDC, suggesting that those cells were not secreting type I IFN
(data not shown; ref. 26). CCL20 was not detectable in this

Fig. 1 Immunohistochemical
staining with various antibodies of
paraffin-embedded invasive breast
cancer tissue sections. A, CD207/
Langerin: Langerhans-type CD207/
Langerin⫹ DC establish intimate
contact with tumor cells. B, CD208/
DC-LAMP: mature CD208/DCLAMP⫹ DC lying within a cluster
of lymphocytes at the margin of the
tumor. CD123 (C) and BDCA2 (D):
CD123⫹ cells are small racquetshaped cells with an eccentric nucleus that are spread among tumor
cells. Cells located in the same areas
with a similar shape also express
BDCA2. Bars correspond to 100
m (A and B) or 50 m (C and D),
respectively.

series (data not shown). CCL19 and CCL21 expression was
observed both in tumor cells and DC (Table 1; data not shown).
Of note, CCL21 expression was also observed occasionally in
lymphatic endothelial cells (data not shown).
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Infiltration with Immune Cells and Clinicobiological
Presentation of the Tumors. CD1a, CD68, CD207/Langerin,
CCL21, and CCL19 expression did not significantly correlate
with the clinical and/or histologic variables of the primary
tumors (P ⬎ 0.01). The presence of CD3⫹ infiltrating T cells
and CD208/DC-LAMP⫹ cells significantly correlated with axillary lymph node involvement, a high SBR histologic grade,
HER2/neu⫹⫹⫹ expression in tumor cells, and lack of hormone
receptor expression. Conversely, the presence of pDC did not
correlate with tumor size, nodal stage, SBR grade, or hormone
receptor status (Table 2).
Survival and Immune Cell Infiltration. As expected,
both overall survival and relapse-free survival were significantly reduced in patients with large tumors, nodal involvement, and high SBR grade (Table 3). In addition, in univariate analysis, the presence of CD123⫹ cells was identified as
an adverse prognostic factor for both overall survival and
relapse-free survival, whereas the presence of CCL19 was
significantly associated with an improved overall survival but
not relapse-free survival (Fig. 2; Table 3). In contrast, no
significant correlation was found between expression of

CD1a, CD207/Langerin, CD3, CD208/DC-LAMP, hCCL21,
or CD68 and either overall survival or relapse-free survival
(data not shown).
Tumor size, nodal status, SBR, hormone receptor expression, HER2/neu⫹⫹⫹, CD123, and MIP-3b/CCL19 expression
were tested in multivariate analysis. Lymph node involvement
and CD123⫹ pDC infiltration were independent, adverse prognosis factors for relapse-free and overall survival (Table 4). The
presence of CCL19 was an independent, positive prognostic
factor for overall survival only (Fig. 2; Table 4). Survival curves
illustrate the striking differences of both relapse-free and overall
survival between patients with or without pDC infiltration of
their tumors (Fig. 2).
To confirm the prognostic value of the presence of
CD123⫹ pDC in primary breast carcinoma, we tested this variable in a validation series of the 103 first patients included in the
prospective database of 1997. Eleven (11%) of the tumors
contained pDC, as compared with 13% in the test series described above. Overall survival at 58 months was 93% in the
pDC-negative subgroup versus 73% in the pDC⫹ subgroup
(P ⫽ 0.05). Relapse-free survival at 58 months was 89% in the
pDC-negative subgroup versus 37% in the pDC⫹ subgroup
(P ⫽ 0.03; Fig. 3).

Table 3 Prognostic parameters for survival in univariate analysis
Relapse-free
survival

n (%)
Age
⬍35
35–50
⬎50
T
0
1
2
3
4
Ax. node involved
0
1–8
⬎8
SBR
1
2
3
HR
0
⫹
HER2
0, ⫹ or ⫹⫹
⫹⫹⫹
DC Lampⴱ
0/⫹
⫹⫹/⫹⫹⫹
CD123
0
⫹/⫹⫹
CCL19/MIP3␤
0/⫹
⫹⫹/⫹⫹⫹

Overall survival

5-year
5-year
survival
survival
(%)
log-rank
(%)
log-rank

5 (3)
41 (27)
106 (70)

80
80
90

0.42

100
90
87

0.56

17 (11)
44 (29)
45 (30)
15 (10)
31 (20)

94
95
88
70
65

0.01

100
92
88
90
73

0.04

61 (40)
70 (47)
21 (13)

92
87
54

93
89
74

0.007

40 (26)
67 (44)
45 (30)

100
78
86

0.01

100
85
81

0.02

23 (15)
129 (85)

85
86

0.83

80
90

0.07

131 (87)
21 (13)

86
67

122 (80)
29 (19)

86
93

0.43

90
86

0.54

132 (87)
20 (13)

90
37

0.00001

93
58

0.0001

98 (64)
54 (36)

83
85

0.68

85
95

0.02

0.0001

0.02

90
80

0.08

ⴱ In one tumor, DC Lamp expression was not interpretable.
Abbreviations: T, tumor size; Ax, axillary; HR, hormone receptor.

DISCUSSION
The results presented in this study show that primary breast
carcinomas are frequently infiltrated by immature and/or mature
myeloid DC but only rarely by pDC. The presence of pDC in the
primary tumor was found to be a major, yet unreported prognostic factor for clinical outcome in this series of early breast
cancer.
DC are professional antigen-presenting cells that play a
sentinel role in both peripheral organs and in peripheral
blood. On triggering by microbial products or by tissue
damage, they migrate to secondary lymphoid organs where
they present antigen to T cells (27). Antigen presentation
leads to T-cell proliferation, which results in either immunity
or tolerance depending on the stage of maturation of the
presenting DC (28). The nature of the T-cell response is also
dependent on the subpopulation of DC involved. Indeed, two
major human DC populations have been recognized, the
myeloid DC and the pDC. They differ in many aspects,
including their origin, their migratory ability and tissue localization, their capacity to discriminate and to respond to
different pathogens, and the profile of cytokines they secrete
(29). In response to various stimuli, myeloid DC and pDC
can polarize the type of T-cell response toward a Th1 or a
Th2 response, depending primarily on interleukin-12 secretion (30). The two DC subtypes also contribute in different
ways to link acquired and innate immune responses, with
myeloid DC-activating B cells (31) and NK cells (32), and
pDC producing large amounts of natural IFNs in response to
viruses (33).
Given the functional differences defined by both the activation status and the subpopulations under consideration, we
have revisited the role of DC in the biology of early breast
cancer. For this purpose, tumors were retrieved from files of
patients who had their primary breast cancer resected at the
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Fig. 2 Overall survival and relapse-free survival of patients from the test series according to the presence of CD123⫹ pDC and MIP-3b/CCL19⫹
cells in primary breast carcinoma.

regional Cancer Center (Centre Léon Bérard). This prospective
and exhaustive series included the first 152 patients with primary invasive nonmetastatic breast carcinomas that were diagnosed in 1996. The tumor characteristics were comparable with
those from other series of patients in large comprehensive
cancer centers in terms of tumor size, nodal involvement,
HER2/neu⫹⫹⫹ overexpression, and SBR grading. HER2/
neu⫹⫹⫹ was also found to correlate with high SBR grading and
low hormone receptor expression (data not shown), as well as
with a poor relapse-free survival. Several parameters were selected for investigation: CD1a and CD207/Langerin, two markers of Langerhans-type immature DC; CD123, a marker of pDC;
and CD208/DC-LAMP, a molecule expressed specifically by
mature DC (34). Immunostaining was also done to evaluate the
expression of hCCL20, hCCL19, and hCCL21, which are
known to drive immature and mature DC migration, respectively (35). In addition, CD3⫹ lymphocyte and CD68⫹ macrophage infiltrates were studied.
Langerhans-type DC were detected in about one-third of
primary breast tumors, in contrast with our previous report,
where all of the frozen tissue sections were infiltrated by
CD1a⫹ and/or CD207/Langerin⫹ DC (13). This discrepancy

might be because of differences in patient populations or may
reflect a lower sensitivity of immunostaining on paraffinembedded tissue sections. It has been reported by several
groups that the density of CD1a⫹ DC in various types of
cancer is associated with an improved prognosis (21–23, 36,
37). However, in agreement with previous reports in primary
breast adenocarcinomas (19, 20), no correlation with overall
survival or relapse-free survival was observed in the present
series.

Table 4

Multivariate analysis of prognostic factors for survival
␤

Relapse-free survival
Presence of CD123⫹ cells
Number of involved nodes
SBR

2.53
0.12
0.59

SE

P

Relative risk

0.44 0.0001
0.02 0.0001
0.32 0.06

12.6
1.13
1.73

Overall survival (with MIP3b)
Presence of CD123⫹ cells
2.66 0.58 0.0001
Number of involved nodes
0.119 0.03 0.0001
Presence of MIP3␤⫹ cells ⫺2.14 0.78 0.006

14.3
1.13
0.12
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Fig. 3 Overall survival and relapse-free survival of patients from the
validation series according to the presence of CD123⫹ pDC in primary
breast carcinoma.

Over half of primary breast tumors analyzed were infiltrated by mature (CD208/DC-LAMP⫹) DC. The striking
compartmentalization of immature tumor-infiltrating DC
within tumor bed and mature tumor-infiltrating DC within
peritumoral clusters of T cells was confirmed in this study
(13, 18). A strong association between the presence of
CD208/DC-LAMP⫹ and CD3⫹ cells was observed, but the
density of both mature DC and T-cell infiltrates did not
correlate with the prognosis. Whether the CD208/DCLAMP⫹ tumor-infiltrating DC are of myeloid or plasmacytoid origin remains to be formally determined, but the
nonoverlapping localization of CD208/DC-LAMP ⫹ and
CD123⫹/BDCA-2⫹ cells on serial tissue sections (data not
shown) suggests they are of myeloid origin. The direct correlation with axillary lymph node metastasis, SBR, HER2/
neu, and inverse correlation with hormone receptor status
suggest the association of CD3 and CD208/DC-LAMP infiltrate with more aggressive tumors. In particular, immune
infiltrate could either reflect HER2/neu immunogenicity or
indicate a pathogenic role of immune cells that may contrib-

ute to HER2/neu⫹ tumor progression. However, neither CD3
nor CD208/DC-LAMP was significantly associated with
overall survival or relapse-free survival in univariate analysis
in the whole series.
CCL21 and CCL19, two ligands for CCR7, were expressed (by tumors cells, stromal cells, or both) in 7% and
57% of the samples, respectively. Although the expression of
these two chemokines did not correlate with tumor size,
nodal status, SBR grade, or hormone receptor status, CCL19
expression was associated in both univariate and multivariate
analyses with a favorable overall survival (98% rate at 5
years) but not with relapse-free survival. The mechanism
underlying this observation is unclear: CCL19 may attract
mature DC and T lymphocytes that could contribute to control tumor progression (38 – 41). However, no correlation was
observed between tumor-infiltrating DC or CD3⫹ T-cell infiltrates and either CCL19 expression or prognosis (data not
shown).
The main observation of this study is the adverse prognostic value of CD123⫹ pDC infiltration in the tumor for
overall survival and relapse-free survival. The presence of
pDC in breast metastatic lymph node (42), in malignant
ascites (43), and in primary melanoma (44) has previously
been reported, but no attempt has been made thus far to
correlate the pDC infiltration with clinical data. Patients with
pDC infiltrates in the primary tumor had a 58% and 73%
overall survival at 5 years in the test and the validation series,
respectively, and only a 37% relapse-free survival in both
series. In marked contrast, patients without pDC infiltrate had
a favorable evolution: subgroups of patients with T1–2, T3– 4,
and N⫹ tumors all had an overall survival ⬎90% at 5 years
in this series with a long follow-up.
Different nonexclusive mechanisms may account for the
association between tumor pDC infiltration and poor prognosis. Infiltration by pDC may merely mark a subset of
aggressive primary breast cancers with an intrinsic propensity to metastasize. Alternatively, tumor-infiltrating pDC
may enhance tumor growth by the production of angiogenic
factors (17, 45), proteases and/or motility factors that can
modify the microenvironment of breast cancer (46). Finally,
tumor-infiltrating pDC may facilitate tumor progression by
interfering with the immune response as follows: (a) tumorinfiltrating pDC may induce T-cell tolerance either directly
(47) or through the generation of tumor-specific, interleukin10 –secreting CD4⫹ (47) and/or CD8⫹ T-suppressor cells
(48); (b) tumor-infiltrating pDC may deviate the tumorspecific T-cell response toward a Th2 phenotype (30), which
seems less effective against tumors; and (c) through natural
IFN secretion, tumor-infiltrating pDC may alter the presentation of tumor-associated antigens to T cells by myeloid DC.
Indeed, pDC may inhibit the differentiation of monocytes
into DC, reduce the antigen-presentation capacity of myeloid
DC (49), or even convert myeloid DC into mediators of
immune tolerance. This last hypothesis is unlikely, however,
given the absence of MxA in tumor-infiltrating pDC, which
suggests that they are not actively secreting type I IFN in situ
(26). Nevertheless, the understanding of the mechanisms by
which pDC contribute to tumor progression could reveal a
new therapeutic target. The key role of CXCL12 in recruiting
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pDC that express CXCR4 in malignant ovarian ascites was
established recently (43). However, such a function for
CXCR4 ligand seems to be less evident in breast tumors, as
no correlation could be found between the presence of this
chemokine and the infiltration of pDC (data not shown).
Whether blood vessels of some breast tumors overexpress
adhesion molecules such as PNAd that may help pDC precursors to extravasate (50) remains to be determined.
In conclusion, this first description of a strong correlation between pDC infiltration in breast tumor and poor prognosis may provide a novel prognostic marker for primary
breast cancer that could assist in deciding how to optimize
the use of current therapies. A larger multicentric study is
being set up to confirm these data. Furthermore, by suggesting a role for the immune system in the control of primary
breast adenocarcinoma, these findings open new perspectives
for the treatment of cancer patients.
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