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ABSTRACT

Invasive micropapillary carcinomas (IMPC) of the breast account for less than 2% of all breast cancers and have been
recently described as luminal B carcinomas. CD24, CD44, ALDH1 and EZH2 are commonly used as stem-cell markers
that display differential expression as a function of stage and molecular type, but their pattern of expression according
to this rare histological type remains poorly defined and unknown for EZH2. We assessed expression of these markers
in a series of 28 micropapillary breast carcinomas and compared the results with those obtained in a series of luminal A
(27 cases) and B (34 cases) invasive carcinomas of no special type (IC-NST). CD24 and CD44 were expressed in most
cases. However, CD24 was expressed at the inverted apical membrane in 85% of invasive micropapillary carcinoma
and at the apical pole of gland-forming cells in 45% of luminal A (p-val = 6.8 x 10™*) and 13% of luminal B cases
(p-val = 1.1 x 107). ALDH1 was expressed in the stroma in most tumors, but in only 25%, 11% and 15% in epithelial
cells of IMPC, luminal A and B IC-NST, respectively. Nuclear expression of EZH2 was not observed in luminal A tu-
mors, and was detected in 35% (12/34) of luminal B carcinomas (p-val = 6.1 x 10~*) and only 4% (1/28) of invasive
micropapillary carcinomas. This series shows that invasive micropapillary carcinomas harbor a CD24-positive inverted
apical pole associated with weak EZH2 expression, phenotypical characteristics that distinguish this entity from other
luminal carcinomas.
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1. Introduction [8] alone or in conjunction with the CD44"/CD24 phe-

notype, have also been proposed as putative markers of

Breast carcinoma comprises many different entities char-
acterized by specific molecular alterations. Tumor gene
expression analyses have identified major molecular sub-
types: luminal A, luminal B, HER2", basal-like and nor-
mal breast-like groups [1,2] and, more recently, the apo-
crine and claudin-low groups [3,4].

Breast cancer-initiating cells have been defined as
cells with properties responsible for tumor initiation, po-
tentially driving tumor growth and metastasis, although
these statements are still a subject of debate [5,6]. Xeno-
transplant assays in non-obese diabetic severe combined
immunodeficiency (NOD/SCID) mice [7] have identified
lin /CD44/CD24 " cells as candidate breast cancer-initi-
ating cells (BrCICs). Additional markers, such as ALDH1
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BrCICs.

EZH2 belongs to the Polycomb group of proteins,
which are involved in chromatin-modifying complexes,
and stem cell self-renewal, a property of BrCICs, and are
deregulated in cancer [9,10]. Although rarely chosen as a
stem cell marker, EZH2 expression is poorly known in
specific histological subtypes and is therefore assessed.

The identification in clinical practice of these BrCICs
should help to understand chemo-radiotherapy resistance
as stem cells and BrCICs have been shown to be more
resistant to treatment than more differentiated cells [11].
In that context, the expression of CD44, CD24, and ALDHI1
have been accurately assessed on tissue sections, by im-
munohistochemistry. The expression patterns of these
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markers CD44'/CD24 and ALDH1 differed between tu-
mor molecular subtypes and stages. Basal-like carcino-
mas were recently shown to be enriched in CD44"/
CD24  cells, whereas HER2" tumors have a predomi-
nantly CD24" phenotype [12,13]. CD44 expression is
weaker in invasive tumors than in in situ tumors, such as
those of the luminal A subtype, in particular [14]. ALDH1"
cells seem to be more frequent in basal-like and HER2"
tumors than in luminal tumors. CD44/CD24 /ALDH1"
cells are associated with axillary lymph node-positive
status and correlated with a poorer patient outcome [15].
EZH2 expression has been associated with poorly dif-
ferentiated tumors and poor prognosis [16]. Histological
types have a clinical impact in treatment decisions, some
being associated with good, others with aggressive out-
comes [17]. Furthermore, the knowledge of their speci-
ficities contributes to their better characterisation.

Few studies have yet addressed the specific pattern of
this combination of four markers expression in histo-
logical rare sub-types [18]. Invasive micropapillary car-
cinoma (IMPC) is a histological type of tumor account-
ing for less than 2% of all breast cancers. IMPC consists
of tumor cells organized into nests presenting an inside-
out pattern of MUC-1 labelling, separated from the extra-
cellular matrix by a clear space. More than 60% of IMPC
display lympho-vascular invasion and axillary lymph
node metastasis and therefore are assumed to constitute
an aggressive entity [19]. This histological type has been
recognized as part of the luminal spectrum of breast car-
cinomas [20].

Though, we investigated the expression of CD44,
CD24, ALDH1 and EZH2 in a series of 28 IMPC from a
single institution. As IMPC have recently been proposed
to belong to the group of luminal carcinomas [20] and
more specifically to luminal B carcinomas [21], we com-
pared the expression of these markers with that observed
in a consecutive series of 27 luminal A and 34 luminal B
carcinomas.

Most of the IMPC harbored a specific pattern of CD24
expression different from that of the other luminal tu-
mors analyzed and demonstrated a rare nuclear expres-
sion of EZH2.

2. Materials and Methods
2.1. Patients and Tumors

We retrospectively selected 89 cases of invasive breast
cancer—28 IMPC, 27 luminal A and 34 luminal B inva-
sive carcinomas of no special type (IC-NST)—on the
basis of the availability of clinical data, paraffin blocks
and clinical follow-up information from our tumor bank.
Initial treatment was surgery in all selected cases. These
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cases were reviewed by two experienced breast patholo-
gists (AVS and PF), according to the World Health Or-
ganization (WHO) classification criteria. IMPC cases
were recognized on the basis of inside-out MUC-1 stain-
ing at the inverted apical pole. IC-NST were defined as
luminal A if grade I or Il and ER"/PR'/ERBB2", and as
luminal B if ER" and grade III or ERBB2 (3+) [22]. Ex-
periments were performed in accordance with Bioethics
Law No. 2004-800 and the Ethics Charter of the French
National Institute of Cancer (INCa) and after approval of
the ethics committee of our institution.

2.2. Immunohistochemical Analyses

Tissue microarrays (TMA) were constructed with three
representative cores (1 mm in diameter) of each tumor
and one core of normal surrounding breast tissue for each
case. Four pm thick sections were obtained from forma-
lin-fixed, paraffin-embedded tissues for TMAs. These
sections were cut, dried, deparaffinised and rehydrated
according to standard procedures. All sections were sub-
jected to heat-induced antigen retrieval in citrate buffer
(pH 6.1). Estrogen receptor (ER, clone 6F11, 1:200, No-
vocastra), progesterone receptor (PR, clone 1A6, 1:200,
Novocastra), ERBB2 (clone CB11, 1:1,000, Novocastra),
CD44 (Thermo Scientific, clone 156/3C11, 1:100), CD24
(Thermo Scientific, clone SN3b, 1:100), ALDH1 (BD
Transduction Laboratories, clone 44/ALDH, 1:200) and
EZH2 (Novocastra, clone 6A10, 1:100) expressions were
then evaluated. Internal and external positive and nega-
tive controls were included for each antibody. Staining
was detected with the Vectastain Elite ABC peroxidase
mouse IgG kit (Vector Burlingame, CA), with diamino-
benzidine (Dako A/S, Glostrup, Denmark) as chromogen.
Cases were considered positive for ER and PR when
10% of cells were positive for these markers [23], and
the ASCO cut-off was used to determine whether cases
were positive for ERBB2 [24].

2.3. Immunohistochemical Scoring for CD44,
CD24, ALDH1 and EZH2

For CD24 and CD44 the most frequently used cut-off of
10% of positive cells was chosen [14,25,26]. For ALDHI,
the reported cut-offs in literature ranged from one po-
sitive cell to 10% of positive cells [14,15,27]. One posi-
tive cell cut-off was chosen. For EZH2, we determined
our interpretation method according to Kleer ef al. [16]: a
case was considered as negative when no staining was
observed and positive when any cell was stained with
any intensity of staining. Cellular and subcellular locali-
zation in normal breast tissue and in carcinomatous cells
was taken into account.
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2.4. Survival Analyses

The homogeneity between groups of different tumor
types was evaluated by the Pearson Chi-square test. Sta-
tistical analyses of survival were carried out with Med-
Calc” software. Cumulative overall survival was calcu-
lated by the Kaplan-Meier method, and the log-rank test
was used to analyse differences in survival times. A p-
value < 0.05 was considered significant.

3. Results
3.1. Patient and Tumor Characteristics

A set of 28 IMPC, 27 luminal A and 34 luminal B IC-
NST was analyzed. The median age of the patients, not
statistically different among the three groups (Table 1),
was 57.5 years (range, 33 - 81 years) for IMPC, 51.9
years (range, 34 - 66 years) for luminal A tumors and
54.7 years (range, 28 - 80 years) for luminal B tumors.
All patients were treated according to stage, prognostic
and predictive parameters and established protocols: mas-
tectomy (23/89 patients, 26% of cases) or conservative
surgery (66/89 patients, 74% of cases) followed by radia-
tion therapy (79/83 patients, 95% of cases). Adjuvant
therapies included chemotherapy for 14 of the 28 IMPC
(50%), 10 of the 27 luminal A tumors (37%) and 28 of
the 34 luminal B tumors (82%), and endocrine therapy
for 23 of the 28 IMPC (82%), 24 of the 27 luminal A tu-
mors (89%) and 30 of the 34 (88%) luminal B tumors. Pa-
tients with tumors displaying ERBB2 amplification receiv-
ed trastuzumab in an adjuvant setting, in line with proto-
cols established after December 2005, for 2 of the 9 IMPC
(22%) and 15 of the 33 luminal B tumor (45%) patients
concerned. The clinical and pathological characteristics
of the tumor and the mode of treatment are indicated in
Table 1. Most of the IMPC were grade 11 and III, ER" (26/
28 patients, 93% of cases) and PR" (23/28 patients, 82%
of cases), and 32% of cases (9/28 patients) were ERBB2
3+. The proportion of tumors with positive nodal status
was significantly higher for IMPC (73% of cases) than
for luminal A tumors (37%; p-val = 1.8 x 107%), but no
significant difference was observed between IMPC and
luminal B tumors (61%; p-val = ns). The proportion of
cases presenting lympho-vascular invasion was signifi-
cantly higher for IMPC than for either luminal A or lumi-
nal B tumors (86%; 37% p-val = 5.8 x 10™* and 47%, p-
val=3.7 x 107).

3.2. CD44, CD24, ALDH1 and EZH2 Expression

The expression of the CD44, CD24, ALDHI1 and EZH2
markers was analyzed, as these markers have been shown
to be associated with either more differentiated luminal
epithelial (CD24) or stem cell-like (CD44, ALDHI,
EZH2) characteristics (Figure 1). As reported by Park
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Figure 1. Examples of immunohistochemical analysis of
CD24, CD44, ALDH1 and EZH2 expression in normal lob-
ules. (a) CD24; (b) CD44; (c) ALDH1; (d) EZH2. Scale: 20
pm.

and co-workers [14] for normal breast tissue surrounding
tumors, CD24 expression was observed on the apical
membrane of luminal cells (Figure 1(a)) and CD44 was
localized at the cell membrane of myoepithelial cells and
some luminal epithelial cells in lobules (Figure 1(b)). No
ALDHI1 expression was detected in normal duct epithet-
lium (Figure 1(c)), but staining was observed in the
connective tissue surrounding normal acini. Nuclear ex-
pression of EZH2 was rarely observed in normal acini
(Figure 1(d)).

The expression of these markers was further investi-
gated in tumor cells (Figure 2 and Table 2). CD24 label-
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Table 1. Clinical and pathological characteristics of the 28 IMPC and 61 luminal A and B IC-NST cases. Legends: 1) p-val:
IMPC vs luminal A IC-NST ; 2) p-val IMPC vs luminal B IC-NST; 3) p-val luminal A IC-NST vs luminal B IC-NST.

IMPC Lum A LumB 1 2 3
n (%) p-value
Number of patients 28 27 34
Median follow-up, yrs [range] 6.9[3.9-10] 3.210.1-8.9] 3.7[0.8-6.9]
Median age, years 57.5 51.9 54.7
<50 9(32) 11 (41) 12 (35) ns ns ns
>50 19 (68) 16 (59) 22 (65)
Tumor size, cm
<2 17 (60) 20 (74) 11(32)
2to 5 10 (36) 7(26) 19 (56) ns ns 3.1x107
>5 1(4) 0(0) 4(12)
Grade
1 1(4) 26 (96) 0(0)
II 16 (57) 1(4) 0 (0) 5.1x107" 6.7 %107 5.6%x107
11 11(39) 0(0) 34 (100)
Nodal status
Positive 19 (73) 10 (37) 20 (61) 1.8 x 1072 ns ns
Negative 727) 17 (63) 13 (39)
Not specified 2 0 1
Lympho-vascular invasion
Positive 24 (86) 10 (37) 16 (47) 58x10™ 37x%107 ns
Negative 4 (14) 17 (63) 18 (53)
Conservative surgery 17 (61) 26 (96) 23 (67) 41x10° ns 1.3 %107
Adjuvant therapies
Cytotoxic chemotherapy 14 (50) 10 (27) 28 (82) ns 1.4x107 7.7x107
Endocrine therapy 23 (82) 24 (89) 30 (88) ns ns ns
ER
Positive 26 (93) 27 (100) 34 (100) ns ns ns
Negative 2(7) 0(0) 0(0)
PR
Positive 23 (82) 27 (100) 15 (45) ns 73%10° 1.6x10°
Negative 5(18) 0(0) 18 (55)
Not specified 0 0 1
ERBB2
Positive 9 (32) 0 (0) 33(97) 42x10° 23x107 29x107"
Negative 19 (68) 27 (100) 1(3)
Copyright © 2013 SciRes. OJPathology
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Figure 2. Examples of immunohistochemical staining for CD24, CD44, ALDH1 and EZH2 in breast carcinomas. Left panel:
IMPC (a, d, g, j), middle panel: luminal A (b, e, h, k) and right panel: luminal B (c, f, i, ) IC-NST. Scale: 20 pm.

Table 2. CD24, CD44, ALDH1 and EZH2 expression patterns, based on immunohistochemical analyses, as a function of tu-
mor subtype. 1) p-val IMPC vs luminal A IC-NST ; 2) p-val IMPC vs luminal B IC-NST; 3) p-val luminal A IC-NST vs
luminal B IC-NST.

IMPC Lum A Lum B 1 2 3
n (%) p-value
Number of patients 28 27 34
CD44
Positive 22 (79) 24 (89) 24 (70)
membranous 10 (36) 3(11) 6 (18)
membranocytoplasmic 8 (29) 18 (67) 8 (23) 2.1x1072 ns 1.3x107
cytoplasmic 4(14) 3(11) 10 (29)
Not specified 1(4) 0(0) 0(0)
CD24
Positive 27 (96) 20 (74) 30 (88)
apical membranous 23 (85) 9 (45) 4(13) 6.8x 107 1.1x107 ns
me,;;;f:r:’;fy’ti’:;‘jimic 4(15) 11(55) 26 (87) 5.7% 107 38%10° 1.0 x 107
CD44'/CD24 1(4) 7(26) 3(9)
CD44'/CD24" 21 (75) 18 (67) 21 (62)
CD44 /CD24" 5(17) 0 (0) 103) 83x10° 73x10° ns
CD447/CD24" 0(0) 2(7) 9(26)
Not specified 1(4) 0(0) 0(0)
ALDH1
Epithelial cells 7(25) 3(11) 5(15) ns ns ns
Stroma 25 (89) 14 (52) 27 (79) 5.8x10° ns 45x1072
EZH2
Positive 1(4) 0 (0) 12 (35) ns 6.1x10° 6.1x107°
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ling was positive in 96% of IMPC (27/28 patients), 74%
of luminal A (20/27 patients) and 88% of luminal B
IC-NST cases (30/34 patients). Two different patterns of
CD24 staining were observed, with labelling either only
localized at the apical membrane or at the cytoplasmic
membrane (circumferential staining). In most IMPC
cases, CD24 staining was observed at the apical mem-
brane (Figure 2(a)) [85% versus 45% of luminal A tu-
mors (Figure 2(b)) (p-val = 6.8 x 10™*) or 13% of lumi-
nal B tumors (Figure 2(c)) (p-val = 1.1 x 107)].

CD44 staining was detected in most tumors of all three
types [79% of IMPC (22/28 patients) (Figure 2(d)), 89%
of luminal A tumors (Figure 2(e)) (24/27 patients), and
70% of luminal B tumors (Figure 2(f)) (24/34 patients)].
However, the localization of this staining differed: both
membranous and cytoplasmic in luminal A tumors, mem-
branous in IMPC (36% of cases) and cytoplasmic in lu-
minal B tumors (29% of cases).

The coexistence of cells expressing CD44 and cells
expressing CD24 within the same tumor was then ana-
lyzed. CD44" and CD24" cells were observed in most
cases of the three subtypes studied (75% of IMPC, 67%
of luminal A tumors and 62% of luminal B tumors).
However, the luminal A subgroup comprised the highest
percentage of cases with CD44/CD24  cells: 26%, ver-
sus only 4% for IMPC cases. No significant difference
was observed between luminal B tumors and IMPC in
terms of the proportion of cases with CD447/CD24" cells
(9% versus 4%; p-val = ns).

ALDHI has been recognized as a putative marker of
BrCICs. ALDHI1 expression was therefore assessed in
this series of cases. ALDH1 was expressed in only 25%
of IMPC and 11% of luminal A and 15% of luminal B
tumor cells per case. The proportion of ALDH1" cells
was 90% in only one IMPC case, which was negative for
both ER and PR. All but three IMPC cases presented
ALDHI" stromal cells. ALDHI was clearly expressed in
the stroma in most cases of all three tumor types, but
more frequently in IMPC (25/28, 89%) and luminal B
(27/34, 79%) than in luminal A IC-NST (14/27, 52%)
(Table 2; Figures 2(g)-(i)).

EZH2 has been identified as a marker of BrCICs and
of breast carcinomas with poor prognosis. EZH2 expres-
sion was therefore evaluated in this series of IMPC and
luminal A and B tumor controls. One of the 28 IMPC
(4%) displayed nuclear EZH2 expression, whereas no
EZH2 expression was detected in any of the luminal A
tumors (100% negative). Twelve of the 34 cases of lumi-
nal B tumors displayed nuclear EZH2 expression (35%
cases), with 1% to 25% of cells positive for this marker
in each case. EZH2 was more frequently expressed in
luminal B tumors than in the other tumor types (luminal
B versus IMPC, p-val = 6.1 x 107; luminal B versus
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luminal A, p-val = 6.1 x 107) (Figures 2(j)-(1)). Notably,
the EZH2 positive IMPC case was grade 2 whereas all
grade 3 IMPC cases were EZH2 negative.

3.3. Association with Outcome

The definition of IMPC patients outcome remains contro-
versial. Clinical data were available for all patients. We
tried to assess the outcome of the three groups (IMPC,
luminal A and B IC-NST) knowing the putative weak-
nesses of this evaluation (the retrospective nature of the
study, the different periods of patient’s clinical manage-
ment, the different clinico-pathological characteristics
among the groups). In addition, within the IMPC group,
tumors were further classified as “luminal A IMPC” or
“luminal B IMPC”. This sub-classification allowed us to
compare the specific outcome of these two groups of
IMPC together and to that of luminal A and B IC-NST
respectively.

At 10 years, IMPC patients had overall survival rates
similar to those for patients with luminal A IDC tumors
(Figure 3, upper left panel) (p-val = ns; median follow-
up of 84 [47 - 121] and 39 [2 - 108] months for IMPC
and luminal A IDC, respectively) but significantly higher
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Figure 3. Survival curves for IMPC and luminal A and B
invasive carcinomas not otherwise specified. The upper left
panel (a) shows a comparison of overall survival between
IMPC (solid line) and luminal A IC-NST (dashed line). The
lower left panel (b) shows a comparison of overall survival
between IMPC (solid line) and luminal B IC-NST (dashed
line).
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overall survival rates than patients with luminal B IDC
tumors (Figure 3, lower left panel) (p-val = 2.8 x 107%;
median follow-up of 42 [9 - 84] months for luminal B
IDC). IMPC patients had recurrence-free survival rates
similar to those of patients with luminal A or luminal B
IDC (p-val = ns—data not shown).

We then compared the outcome according to the mo-
lecular subgroups defined as described in material and
methods. Luminal A and B IC-NST showed statistically
significant different outcome (p-val = 1.2 x 107 (DFS);
p-val = 3.7 x 107 (OS)). Luminal A and B IMPC ex-
perienced the same overall survival and disease-free sur-
vival (p-val = ns). Luminal A IMPC and luminal A
IC-NST also experienced the same outcome (OS and
DFS, p-val = ns). Identically, luminal B IMPC and lu-
minal B IC-NST had also same overall and disease-free
survival (Supplementary Figure 1).

4. Discussion

The various molecular subtypes of breast carcinomas and
ductal carcinoma in situ (DCIS) have been shown to
present patterns of so called “stem-cell related” marker
expression different from those of IC-NST. Basal-like
tumors have more CD44"/CD24" cells than luminal (A
and B) and ERBB2 tumors [14]. EZH2 expression in
breast carcinomas has been linked to poor prognosis [16].
We assessed the cellular pattern of expression of these
markers (CD44, CD24, ALDH1 and EZH2) in IMPC and
compared this pattern to that observed in luminal A and
B IC-NST.

IMPC is a rare and unusual histological type, charac-
terized by a very high rate of vascular and axillary lymph
node invasion (about 60% to 70% of cases) and features
of local and regional aggressiveness. IMPC have recently
been shown to share phenotypic and genomic character-
istics with luminal B carcinomas [21]. According to the
proposed translation of molecular definitions of groups
for clinical practice [28,29], we classified the majority of
IMPC cases as luminal B tumors, because most cases
were positive for oestrogen receptors and had an Elston
and Ellis histo-prognostic grade of I or III [30].

This study demonstrated that 1) IMPC differ from lu-
minal B carcinomas by presenting a high level of mem-
branous inverted apical CD24 expression; 2) EZH2 was
much less frequently expressed in IMPC than in luminal
B carcinomas; 3) IMPC patients had a favourable overall
survival (85% at 10 years).

Different patterns of CD44 and CD24 expression have
been reported for different tumor stages and molecular
subtypes [14]. We observed quantitative differences in
CD44 expression, which was weaker in IMPC than in
luminal A tumors, and a qualitative difference in CD24
expression, which was detected at the inverted external

Copyright © 2013 SciRes.

apical pole of IMPC tumor cells and the apical pole of
gland-forming cells in 45% of luminal A and 13% of
luminal B tumors.

CD44 expression is associated with basal-like stem
cells [14]. CD44 is more strongly expressed in DCIS
than in invasive carcinomas, suggesting that the number
of CD44" cells may decrease with tumor progression. In
our study, intense CD44 labelling was observed in all
three tumor types studied. However, the distribution of
this labelling differed between the tumor types: mem-
branous and cytoplasmic in luminal A tumors, membra-
nous in most IMPC and cytoplasmic in most luminal B
tumors.

A shift in CD24 staining from the apical membrane to
a membranous/cytoplasmic distribution during progres-
sion from DCIS to IC-NST has been reported [14]. We
observed intense CD24 staining at the apical inverted
poles of IMPC cells. This pattern has also been recently
reported by other groups [31,32]. Although, the CD24
antibody used in our study, SN3b, and in these other
studies, may recognize an unknown epitope different
from the core CD24 protein, it has been proposed that
CD24-positive cells might characterize epithelial cells
differentiated into the luminal lineage [33]. IMPC should
therefore be considered to be differentiated luminal tu-
mors, in which the tumor cells are abnormally polarized,
but in which polarization is still present. Conversely, in
IC-NST, polarization is more frequently missing unless
glandular differentiation is present. Recently, CD24 ex-
pression has been described as higher in cell lines deriv-
ed from another tumor, well differentiated gastric carci-
noma. Its expression at the apical membrane is a feature
specific to IMPC that could therefore reflect the well dif-
ferentiated nature of IMPC [34].

No staining for EZH2 was observed in the luminal A
group and EZH2 expression levels were very low in
IMPC (4% positive). The only IMPC case displaying
EZH?2 expression overexpressed ERBB2. In contrast, the
frequency of EZH2 expression was significantly higher
in luminal B tumors, which are known to have a poor
prognosis.

IMPC tumors are associated with a high frequency of
vascular and axillary lymph node invasion. Interestingly,
in this series, eventhough the large majority of the IMPC
cases was luminal, a small majority (54% of the cases)
were luminal B (ER+ and grade III or HER2 3+) but
demonstrated an outcome identical to that of luminal A
IMPC. These observations suggest that despite the high
rates of axillary lymph node metastasis and vascular in-
vasion, this outcome could be related either to the small
tumors size being mostly T1 and T2 in this series or to
IMPC histological type per se and its biological proper-
ties without excluding also the possibility of a high sen-
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sitivity to treatments. The ERBB2 overexpression pattern
of IMPC has been reported to be unusual in that it is con-
fined to three sides of the cells, excluding the apical in-
verted pole [35]. We and other authors [36] have report-
ed low rates of HER2 amplification/overexpression in
small T1 a, b tumors ranging around 9% of the cases. In
contrast, in this series of T1 and small T2 IMPC, a higher
rate of HER2 overexpression is observed.

Paradoxically, CD44"/CD24 " cells have been reported
to be associated with greater invasiveness in an in vitro
model [37]. However, IMPC tumors, which had vascular
and axillary lymph node invasion rates of 70% in this
series, displayed intense CD24 labelling of the apical
inverted pole in most cases. Interestingly, CD24 is also a
glycoprotein known to have a role in cell proliferation
and that has been shown to be expressed in gastric carci-
nomas associated with lymph node metastasis and vas-
cular invasion [34].

The percentage of ALDH1-positive tumors in the pre-
sent study was lower than reported in other studies (7%
to 30% ALDHI" tumors) [8,15]. However, ALDHI
staining within the stroma was observed in most cases in
this study, even in the absence of epithelial staining. This
observation challenges the use of ALDHI1 as an epithelial
stem cell-related marker, at least in this rare histological
subtype. In luminal A and B IC-NST, ALDHI staining
patterns were consistent with the low frequency of cells
positive for stem cell-related markers on immunohisto-
chemistry. In previous studies based on cell sorting ap-
proaches, basal-like carcinomas were identified as the
molecular group enriched in tumor-initiating cells/stem
cells [33].

In conclusion, IMPC should be considered to be differ-
ent from other luminal carcinomas, as CD24 is expressed
at the inverted apical cellular pole associated with small
numbers of EHZ2" and ALDHI1" epithelial cells.
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Figure 1. Overall and disease-free survival curves Luminal
A and Luminal B IMPC and for luminal A and luminal B
IC-NST. The upper panel shows a comparison of overall
survival between luminal A IMPC (blue line), luminal B
IMPC (purple line), luminal A IC-NST (red line) and lu-
minal B IC-NST (green line). The lower panel shows a
comparison of disease free-survival between luminal A
IMPC (blue line), luminal B IMPC (purple line), luminal A

IC-NST (red line) and luminal B IC-NST (green line).
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