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Tubulolobular carcinoma is a type of mammary carcinoma that displays an admixture of invasive tubules and
lobular-like cells. Previous reports have shown it to share clinical similarities to lobular carcinoma, whereas
more recent studies have shown it to be E-cadherin positive. The aim of the current study was to further explore
the immunophenotype of tubulolobular carcinoma, and to document its natural behavior. Nineteen cases of
tubulolobular carcinoma and 10 cases each of tubular and lobular carcinoma were retrieved for comparison
analysis. Immunohistochemistry was performed with antibodies against estrogen receptor, progesterone
receptor, HER2/neu, 34bE12, E-cadherin, and the catenins. Twenty-five percent of patients with tubulolobular
carcinoma presented with greater than stage I disease, compared to 0 and 60% of patients with tubular and
lobular carcinoma, respectively. Two patients with tubulolobular carcinoma had tumor recurrence, one of whom
also developed metastasis. The majority of all carcinomas were estrogen and progesterone receptor positive. E-
cadherin displayed membranous staining in all tubular and tubulolobular carcinomas, and was negative in all
lobular carcinomas. Half of each carcinoma subtype displayed granular cytoplasmic 34bE12 immunoreactivity.
a-Catenin exhibited partial or complete membranous staining in all tubulolobular and tubular carcinomas, and
was negative in all lobular carcinomas. b-Catenin displayed membranous staining in tubulolobular and tubular
carcinomas, whereas all lobular carcinomas had coarse cytoplasmic immunoreactivity. p120 and c-catenin
displayed membranous staining in 100% of tubulolobular and tubular carcinomas and cytoplasmic staining in
100% of lobular carcinomas. Tubulolobular carcinoma of the breast is thus a distinct type of mammary
carcinoma that displays both tubular and lobular patterns histologically but displays the membranous E-
cadherin/catenin complex characteristic of the ductal immunophenotype. Tubulolobular carcinoma appears to
be more aggressive than tubular carcinoma, as 16% of patients had lymph node metastases, although all were
alive at a mean follow-up of 40 months.
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The distinction between ductal and lobular carci-
nomas of the breast can usually be made by applying
typical cytologic and architectural criteria, such as
tubule formation and pleomorphism in the former,
and dyscohesion of tumor cells in the latter.
However, some carcinomas display overlapping

features, making this distinction difficult. Tubulo-
lobular carcinoma is a distinct type of mammary
carcinoma that, as its name suggests, displays an
admixture of minimally pleomorphic invasive
tubules, as seen in classic tubular carcinoma, and
dyscohesive cells with low-nuclear grade, as seen in
classic lobular carcinoma. As tubulolobular carci-
nomas are rare neoplasms, representing less than
3% of all breast cancers, relatively few studies
aimed at their analysis have been performed, and
thus little is known about their behavior. A study
published in 1977 by Fisher et al1 concluded that
these neoplasms, while sharing features common to
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both pure tubular and lobular carcinomas, are better
characterized as a tubular variant of lobular carci-
noma. Green et al2 found that multifocality and
positive axillary lymph nodes were more frequent in
tubulolobular carcinoma than in tubular carcinoma,
suggesting that the former is a higher-grade lesion
than tubular carcinoma and shares more clinical
similarities to lobular carcinoma. Recently, Wheeler
et al3 reported E-cadherin and 34bE12 positivity in
tubulolobular carcinomas, suggesting that they ex-
hibit a ‘hybrid’ ductal and lobular immunopheno-
type.

E-cadherin, an invasion suppressor gene, codes
for a transmembrane glycoprotein that functions in
intercellular adhesion.4 The E-cadherin protein
internal domain binds with alpha, beta, gamma,
and p120 catenins to anchor the E-cadherin complex
to the actin cytoskeleton of the cell. E-cadherin is
often mutated in lobular neoplasia, resulting in the
absence of the extracellular E-cadherin domain and
lack of membrane immunostaining for the protein.5–
15 In contrast, mammary carcinomas that are ductal
in cell origin almost universally display distinct
membrane staining for E-cadherin, although high-
grade ductal carcinomas show diminished E-cad-
herin or rarely, may be E-cadherin negative.16 Thus,
immunohistochemistry for the E-cadherin protein
has become a valuable diagnostic tool to differenti-
ate ductal from lobular carcinomas.

The aim of this study was twofold: to examine the
natural behavior of tubulolobular carcinomas and to
immunohistologically document the phenotype as
ductal or lobular, with special reference to the
structure of the E-cadherin/catenin complex.

Materials and methods

Nineteen cases of tubulolobular carcinoma were
selected for this IRB-approved study from the
archives of Magee-Womens Hospital of UPMC and
UPMC Shadyside, Department of Pathology, after
reviewing all cases from a 7-year period (1997–2004)
with a diagnosis of ‘tubulolobular carcinoma’, or
‘carcinoma with both ductal and lobular features’.
Cases were included only if they displayed
the histologic criteria put forth by Fisher et al1

and consisted of resection specimens displaying

tubulolobular carcinoma morphology only or core
needle biopsy specimens in which subsequent
resection specimens were performed. Additionally,
10 cases each of classic tubular carcinoma and
lobular carcinoma were retrieved for comparison
analysis.

Thorough review of patient medical charts was
conducted to obtain the following information: (1)
age and stage at diagnosis, (2) laterality, (3) use of
adjuvant treatment, (4) type of surgery, (5) patient
history of breast cancer, and (6) time interval and
status at follow-up. Pathologic characteristics were
obtained by reviewing hematoxylin and eosin-
stained slides and recording: (1) Nottingham scores,
(2) lymphovascular invasion, (3) tumor-associated
microcalcifications, (4) type of in situ component,
if present, (5) association with atypical epithelial
hyperplasia, and (6) multifocality.

The antibodies, clones, dilutions, pretreatment
conditions, and sources for immunohistochemical
studies are listed in Table 1. Estrogen receptor (ER),
progesterone receptor (PR), and HER2/neu studies
initially performed at the time of diagnosis were
reviewed. When unavailable, formalin-fixed, paraf-
fin embedded tissue blocks were cut at 4mm and
immunoassayed with the antibodies listed. The
Envision Plus (Dako, Carpinteria, CA, USA) detec-
tion system was used for antibodies against ER, PR,
HER2/neu, and E-cadherin. iVIEW DAB (Ventana,
Tucson, AZ, USA) detection system was used for
antibodies directed against the catenins. ER and PR
were considered positive if nuclear staining was
present. HER2/neu was scored on a 0 to 3þ scale
using standard criteria. The type and distribution of
immunostaining for 34bE12, E-cadherin and the
catenins were recorded and compared to normal
ductal breast epithelium present on the same slide,
and scored according to the following scale:
0¼negative, 1þ ¼ 1–25% of cells positive, 2þ
¼ 26–75% cells positive, 3þ ¼475% cells positive.

Results

Clinical and Histopathologic Characteristics

Patient characteristics are shown in Table 2. Briefly,
the average age of patients with tubulolobular

Table 1 Panel of antibodies

Antigen Clone Dilution Antigen retrieval Source

ER 1D5 0.11111 Steamer 200/TRS pH6.0 Dako, Carpinteria, CA, USA
PR 636 0.18056 Steamer 200/TRS pH6.0 Dako
c-erbB-2 CB11 0.11111 Steamer 200/TRS pH6.0 Novocastra, UK
Cytokeratin, HMW 34bE12 1:50 Protease 120 Dako
E-cadherin NCH-38 0.09375 Steamer 200/Trilogy Dako
b-Catenin b-Catenin-1 0.09375 Online/CC1 mild pH8.0 Dako
a-Catenin 5 1:25 Online/CC1 standard pH8.0 BD Biosciences, San Diego, CA, USA
g-Catenin 15 1:50 Online/CC1 standard pH8.0 BD Biosciences
p120 catenin 98 0.18056 Online/CC1 standard pH8.0 BD Biosciences
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carcinoma, tubular carcinoma, and lobular carcino-
ma was 61, 58, and 64 years old, respectively. Two
patients with tubulolobular carcinoma had a history
of invasive ductal carcinoma 6 years (case no. 14,
ipsilateral breast) and 2 years (case no. 18, contral-
ateral breast) prior. None of the patients with tubular
carcinoma had a personal history of breast cancer,
whereas two of the patients with lobular carcinoma
had a history of invasive ductal carcinoma (case nos.
31 and 35, both contralateral breasts). The majority
(66%) of patients with tubulolobular carcinoma
underwent segmental mastectomy, whereas 17%
each were treated with modified radical mastectomy
or total mastectomy. Surgical history was unknown
in one case. Follow-up time ranged from 11 to 101
months (mean¼ 40.7 months), and was unavailable
in one case. Of patients with lobular carcinoma, 60

and 30% underwent segmental mastectomy or either
modified radical mastectomy or total mastectomy,
respectively. One patient (case no. 30) with bilateral
disease was treated with right total mastectomy and
left modified radical mastectomy. A summary of
stage at presentation for those patients who were
completely staged at time of initial diagnosis is
shown in Table 3. Histopathologic characteristics
are summarized in Table 4.

Figure 1 shows the typical histologic features seen
in tubulolobular carcinomas (Figure 1a–d), tubular
carcinomas (Figure 1e), and lobular carcinomas
(Figure 1f). Tubulolobular carcinomas were charac-
terized by an admixture of tiny round invasive
tubules with minimal nuclear pleomorphism and
single cells infiltrating in single-files and in targe-
toid fashion around non-neoplastic ducts. These

Table 2 Patient characteristics at time of diagnosis

Case
no.

Age Size Laterality Surgery Adjuvant treatment Stage pTNM Time to
outcome

Outcome

Tubulolobular carcinoma 2 59 3 Left MRM Chemo IIA T2N0M0 78 A-NED
4 58 NA Left NA NA NA NA NA NA
5 64 3.1a Right SM Chemo/arimidex IIA T1cN1aM0 17 A-NED
6 40 1.3 Right SM Tamoxifen I T1cN0M0 11 A-NED
8 74 1.2 Right SM RT/femara I T1cN0M0 22 A-NED
9 66 1.3a Left SM RT/arimidex I T1bN0M0 14 A-NED

11 73 0.5a Left TM — I T1aN0M0 12 A-NED
14 46 1.1 Right TM Chemo NA T1cNxMx 61 A-ED
15 58 0.4 Left SM RT/arimidex I T1aN0M0 21 A-NED
16 79 0.2 Left SM RT/arimidex I T1aN0M0 16 A-NED
17 50 0.5 Left TM — I T1aN0M0 34 A-NED
18 76 NA Left SM NA I T1aN0M0 101 A-NED
19 48 1.7 Right SM Chemo/RT/arimidex I T1cN0M0 40 A-NED
21 45 1.4a Right MRM NA IIA T1N1M0 61 A-NED
22 51 1.2 Left SM NA I T1N0M0 29 A-NED
23 52 1.5 Right SM NA I T1cN0M0 60 A-NED
24 46 4.5a Left MRM NA IIIA T2N2aM0 25 A-NED
25 86 4.5a Left SM Tamoxifen NA T2NxM0 78 A-ED
26 81 0.6 Right SM NA I T1bN0M0 53 A-NED

Tubular carcinoma 27 69 1 Left Seg Tamoxifen/RT I T1bN0M0 30 A-NED
38 43 2 Left Seg NA I T1cN0M0 55 A-NED
39 77 1 Right Seg NA I T1bN0M0 18 A-NED
40 48 0.8 Left Seg Tamoxifen/RT I T1bN0M0 82 A-NED
41 54 1.2 Right Seg Tamoxifen/RT I T1cN0M0 63 A-NED
42 76 0.4 Left Seg NA I T1aN0M0 54 A-NED
43 52 0.8 Right Seg RT I T1bN0M0 49 A-NED
44 48 1.4 Right Seg Tamoxifen/RT I T1cN0M0 46 A-NED
45 63 0.7 Right Seg Arimidex/RT I T1bN0M0 42 A-NED
46 46 0.6 Right Seg NA I T1bN0M0 45 A-NED

Lobular carcinoma 28 75 1.3 Left Seg Tamoxifen/RT I T1cN0M0 86 A-NED
29 74 0.6 Left Seg RT I T1bN0M0 63 A-NED
30 43 NA Bilateral TM/MRMb Chemo/arimidex IIIB T4N2M0 38 DOD
31 56 1.5 Right Seg Tamoxifen/RT/chemo I T1cN0M0 7 A-NED
32 68 2.6a Left Seg NA IIB T2N1aM0 60 A-NED
33 73 1.7a Left Seg NA I T1cN0M0 62 A-NED
20 54 3.1a Left Seg NA IIA T2N0M0 40 A-NED
35 74 4.4a Left MRM Chemo IIA T2N0M0 73 A-NED
36 43 4.4 Right MRM Tamoxifen/chemo IIA T2N0M0 56 A-NED
37 79 2.5 Right TM Chemo IIA T2N0M0 13 A-NED

A¼ alive; Chemo¼ chemotherapy, DOD¼dead of disease; ED¼ evidence of disease; MRM¼modified radical mastectomy; NA¼not available;
NED¼no evidence of disease; RT¼radiation therapy; SM¼ simple mastectomy, Seg¼ segmental mastectomy, TM¼ total mastectomy.
a
Denotes composite size of multifocal tumors.

b
Patient underwent left total mastectomy and right modified radical mastectomy.
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tubules lacked the apical snouts and the angulated
or comma shapes of tubular carcinoma. Three cases
(case no. 5, 21, and 25) were associated with
perineural invasion, and lymphovascular invasion
was seen in only one (case no. 25). Three patients
presented with lymph node metastases (3/16 com-
pletely staged cases or 19%), two of which were
available for histologic review. Both lymph node

metastases showed predominantly tubules, one with
cribriforming glands with variably sized lumens.
Both demonstrated cells with higher-nuclear grade
than the primary tumor and with more abundant
eosinophilic cytoplasm (Figure 2). Two additional
patients (case no. 14 and 25) had tumor recurrence
approximately 5 and 6 years after their original
diagnosis, respectively. Both recurrent tumors,

Table 3 Stage at presentation

Stage TLC (n¼ 16) TC (n¼10) LC (n¼ 10)

I (%) 75 100 40
II (%) 19 0 50
III (%) 6 0 10
IV (%) 0 0 0

Table 4 Summary of histopathologic characteristics

TLC
(n¼ 19)

TC
(n¼10)

LC
(n¼ 10)

Mean size (cm) 1.6 1 2.1
Associated microcalcification (%) 21 40 10
DCIS (%) 58 70 20
LCIS (%) 26 0 50
ADH (%) 26 20 10
ALH (%) 10 0 0
Multifocal (%) 26 0 50

Figure 1 Histologic characteristics of tumors. Tubulolobular carcinomas (a–d) displayed small, round tubules infiltrating a fibrous
stroma with none to mild desmoplasia, with intermixed lobular-like single cells infiltrating around ducts. Tubular carcinoma (e) showed
classic well-differentiated tubules with apical snouts. Lobular carcinoma (f) exhibited low-grade single cells infiltrating around ducts in a
fibrous stroma (hematoxylin and eosin).

Figure 2 Tubulolobular carcinoma metastasis to an axillary
lymph node (case no. 24). Lymph node metastases showed
predominant tubular and cribriform architecture with higher-
grade cytologic characteristics (hematoxylin and eosin, 200� ,
40� inset).
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similar to the lymph node metastases, were com-
posed predominantly of tubules and characterized
by cells with apocrine features, including nuclei
with prominent nucleoli and eosinophilic cyto-
plasm. There were some single cells and solid areas
seen as well. The latter patient (case no. 25) was also
found to have extensive osseous metastasis invol-
ving the skull, clavicle, ribs, sternum, vertebrae,
pelvis, humerus, and femur by bone scan 78 weeks
after her initial presentation.

Immunohistochemistry

Results of immunohistochemical studies are shown
in Table 5, and are summarized in Table 6. The
majority of all carcinomas were ER positive (95% of
tubulolobular carcinomas, 100% of tubular carcino-
mas, 100% of lobular carcinomas) and PR positive
(79% of tubulolobular carcinomas, 90% of tubular

carcinomas, 90% of lobular carcinomas). HER2/neu
was negative (score 0 or 1þ ) in the majority of all
tumors.

E-cadherin displayed moderate or strong complete
membranous staining in all tubular and tubulolob-
ular carcinomas, and was completely negative in all
lobular carcinomas (Figure 3). 34bE12 showed
granular cytoplasmic staining of variable intensity
in 59% of tubulolobular carcinomas, 50% of tubular
carcinomas, and 50% of lobular carcinomas, includ-
ing two cases with paranuclear dot-like positivity
(Figure 4). In cases in which selected slides also had
an in situ component, 34bE12 demonstrated weak
granular staining in the cytoplasm of DCIS cells in
one of four cases, and showed patchy weak
positivity in one of two cases of LCIS. Additionally,
it stained the cytoplasm of myoepithelial cells as
well as luminal non-neoplastic ductal epithelium.

a-Catenin showed partial or complete membranous
staining in 14/14 (100%) tubulolobular carcinomas,

Table 5 Results of immunohistochemical studies

Case no. ER PR HER2 E-cad a-Catenin b-Catenin g-Catenin p120 34bE12

Tubulolobular carcinoma 2 + � 2+ 3+ M 3+ M 3+ M 3+ M 3+ M 1+ cyto
4 + + 0 3+ M 3+ M 3+ M 3+ M 3+ M 0
5 + + 1+ 3+ M 3+ M 3+ M 3+ M 3+ M 3+ cyto
6 + + 1+ 3+ M NA 3+ M NA 3+ M 2+ cyto
8 + + 1+ 3+ M 3+ M 3+ M 3+ M 3+ M 1+ cyto
9 + � 1+ 3+ M NA 3+ M NA 3+ M 1+ cyto

11 + + 0 3+ M 2+ M 2+ M 2+ M 3+ M 1+ cyto
14 + + 0 3+ M 3+ M 3+ M 3+ M 3+ M 1+ cyto
15 + + 1+ 3+ M 3+ M 3+ M 3+ M 3+ M 3+ cyto
16 + � 2+ 3+ M NA 3+ M 3+ M 3+ M 3+ cyto
17 + + 2+ NA NA NA NA NA NA
18 + + 0 3+ M 3+ M 3+ M 3+ M 3+ M 0
19 + + 0 3+ M 3+ M 3+ M 3+ M 3+ M 2+ cyto
21 + + 0 3+ M 3+ M 3+ M 3+ M 3+ M 0
22 + + 2+ 3+ M 3+ M 3+ M 3+ M 3+ M 0
23 + + 0 3+ M 3+ M 3+ M 3+ M 3+ M 0
24 + + 0 3+ M NA 3+ M 3+ M 3+ M NA
25 + + 1+ 3+ M 3+ M 3+ M 3+ M 3+ M 0
26 � � 0 3+ M 1+ M 3+ M NA 3+ M 0

Tubular carcinoma 27 + + 0 3+ M 3+ M 3+ M 3+ M 3+ M 3+ cyto
38 + + 1+ 3+ M NA 3+ M 3+ M 3+ M 0
39 + + 0 3+ M 3+ M 3+ M 3+ M 3+ M 0
40 + � 3+ 3+ M 2+ M 3+ mixed 3+ M 3+ M 0
41 + + 2+ 3+ M 3+ M 3+ mixed 3+ M 3+ M 0
42 + + 0 3+ M 3+ M 3+ M 3+ M 3+ M 0
43 + + 1+ 3+ M 3+ M 3+ M 3+ M 3+ M 3+ cyto
44 + + 0 3+ M 3+ M 3+ M 3+ M 3+ M 2+ cyto
45 + + 0 3+ M 3+ M 3+ M 3+ M 3+ M 1+ cyto
46 + + 0 3+ M 3+ M 3+ M 3+ M 3+ M 2+ cyto

Lobular carcinoma 28 + + 2+ 0 0 3+ cyto 3+ mixed 3+ cyto 0
29 + + 2+ 0 0 3+ cyto 2+ cyto 3+ cyto 1+ cyto
30 + + 0 0 0 3+ cyto 2+ cyto 3+ cyto 1+ cyto
31 + � 0 0 0 3+ cyto 2+ cyto 3+ cyto 0
32 + + 0 0 0 3+ cyto 2+ cyto 3+ cyto 0
33 + + 0 0 0 3+ cyto 3+ cyto 3+ cyto 0
20 + + 0 0 0 2+ cyto 1+ cyto 3+ cyto 1+ cyto
35 + + 1+ 0 0 3+ cyto 3+ cyto 3+ cyto 2+ cyto
36 + + 1+ 0 0 2+ cyto 2+ cyto 3+ cyto 0
37 + + 0 0 0 3+ cyto 1+ cyto 3+ cyto 2+ cyto

cyto¼ cytoplasmic staining; E-cad¼E-cadherin; ER¼ estrogen receptor; Her2¼HER2/neu; M¼membranous staining; PR¼progesterone
receptor.

Immunophenotype of tubulolobular carcinoma
NN Esposito et al

134

Modern Pathology (2007) 20, 130–138



9/9 (100%) tubular carcinomas, and 0/10 (0%)
lobular carcinomas (Figure 5). b-Catenin, similar to
a-catenin, displayed membranous staining in tubu-

lolobular and tubular carcinomas, whereas all
lobular carcinomas had no cell membrane immuno-
staining (Figure 6). Two cases of tubular carci-
noma displayed coarse cytoplasmic b-catenin
positivity in addition to membranous staining.
P120 displayed crisp linear membranous staining
in 100% of tubulolobular and tubular carcinomas,
without cytoplasmic staining, while 100% of lobular
carcinomas exhibited cytoplasmic staining without
appreciable membrane staining (Figure 7).

Discussion

The terminal ductal lobular unit gives rise to the two
main types of mammary malignancies, ductal and
lobular carcinomas. While both are associated with
loss of heterozygosity (LOH) at 16q, the E-cadherin
gene locus consistently shows mutations in lobular
carcinoma. This molecular event has become a
useful diagnostic tool to differentiate lobular from
ductal neoplasia, since E-cadherin mutations result
in the absence of the extracellular E-cadherin
domain and resultant lack of membrane immuno-
staining for the protein.

Despite the molecular and histologic distinctions
that have been used to define ductal and lobular
carcinomas, it is not rare to encounter ‘hybrid’
carcinomas that display histologic features common

Table 6 Summary of pattern and distribution of E-cadherin,
catenins, and 34bE12 among carcinomas

Antibody Distribution TLC (%) TC (%) ILC (%)

E-cadherin Membranous 100 100 0
Cytoplasmic 0 0 0
Negative 0 0 100

a-Catenin Membranous 100 100 0
Cytoplasmic 0 0 0
Negative 0 0 100

b-Catenin Membranous 100 100 0
Cytoplasmic 0 20 100
Negative 0 0 0

g-Catenin Membranous 100 100 10
Cytoplasmic 0 0 100
Negative 0 0 0

p120 Membranous 100 100 0
Cytoplasmic 0 0 100
Negative 0 0 0

34bE12 Membranous 0 0 0
Cytoplasmic 59 50 50
Negative 41 50 50

Figure 3 E-cadherin. All tubulolobular (a) and tubular (b) carcinomas displayed strong membranous E-cadherin immunoreactivity,
whereas all lobular carcinomas (c) were negative (E-cadherin, 200� ).

Figure 4 34bE12. 34bE12 showed variable cytoplasmic staining in about half of all tumors. The tubulolobular (a), tubular (b), and lobular
(c) carcinomas depicted were negative. Positive staining in myoepithelial cells can be seen in benign ducts (34bE12, 200� ).
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to both infiltrating ductal and lobular carcinomas.
Although a significant proportion of these ‘hybrid’
tumors are high-grade, tubulolobular carcinoma
represents a unique tumor of low-histologic grade
displaying a mixture of small round tubules and
dyscohesive lobular-like cells. The results of our
study, as in previous reports, demonstrate that this
hybrid histologic pattern parallels its behavior:
while 60% of patients with lobular carcinoma vs
0% of patients with tubular carcinoma presented
with greater than stage I disease, 23% of patients
with tubulolobular carcinoma presented with stage
II disease, or greater. Additionally, 17% of tubulo-

lobular carcinoma patients completely staged had
axillary lymph node metastasis, compared to 0 and
20% of tubular and lobular carcinoma cases,
respectively. Finally, two additional patients with
tubulolobular carcinoma had tumor recurrence
approximately 5 and 6 years after their original
diagnosis, respectively, one of whom also exhibited
extensive bony metastases. Of note, both of these
latter two patients were incompletely staged at the
time of original diagnosis.

While tubulolobular carcinomas appear to overlap
the histologic and behavioral characteristics of
tubular and lobular carcinomas, our data show that

Figure 5 a-Catenin. Similar to E-cadherin, a-catenin was diffusely positive in tubulolobular (a) and tubular (b) carcinomas with
membranous staining, whereas all lobular carcinomas (c) were negative (a-catenin, 200� ).

Figure 6 b-Catenin. b-Catenin mirrored the membranous staining seen with E-cadherin and a-catenin in tubulolobular (a) and tubular (b)
carcinomas. Lobular carcinomas (c) exhibited coarse cytoplasmic and paranuclear immunoreactivity (b-catenin, 200� , 400� insets).

Figure 7 p120. p120 displayed crisp linear membranous staining in all tubulolobular (a) and tubular carcinomas (b) while lobular
carcinomas (c) exhibited cytoplasmic staining only (p120, 200� , 400� insets).
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it displays a ductal immunophenotype. E-cadherin
displayed membranous immunostaining in 100% of
tubulolobular carcinomas and 100% of tubular
carcinomas, and was negative in all lobular carci-
nomas. 34bE12 was positive in about half of all the
carcinomas, with no significant difference seen
among tumor subgroups. A previous study reported
high molecular weight keratin 34bE12, which is
reactive against cytokeratins 1, 5, 10, and 14, to be a
useful marker in differentiating DCIS from LCIS.17

However, another study has shown it to not be a
specific marker for lobular differentiation.18 Our
data supports the latter conclusion, although few
cases of each were included in the present study. E-
cadherin thus appears to be the only currently
reliable marker to differentiate ductal from lobular
cancers.

E-cadherin, a transmembrane glycoprotein ex-
pressed mainly in epithelial cells, mediates cal-
cium-dependent cell–cell adhesion.19 It interacts
with the catenins (a-, b-, g-, and p120) via one of
two intracellular domains—the juxtamembrane do-
main and the catenin-binding domain. Either b- or
g-catenin binds to the catenin-binding domain, while
the juxtamembrane domain provides ligand-binding
sites for p120. The E-cadherin/catenin complex is
then connected to the actin-based cytoskeleton via
a-catenin.20,21 The catenins, like E-cadherin, may be
visualized immunohistochemically and normally
display membranous staining in epithelial cells.
Loss of E-cadherin and abnormal cytoplasmic
localization of the b-, g-, and p120 catenins char-
acterizes lobular cells, while a-catenin is usually
absent.22 In our study, the pattern of catenin
expression exhibited by tubulolobular carcinomas
provides further evidence that it bears an integral
E-cadherin protein.

E-cadherin alterations have been correlated with
the typical dyscohesive pattern seen in lobular
carcinomas.16,23 Ductal carcinomas rarely display
specific E-cadherin mutations, and even in these
cases E-cadherin membrane immunoreactivity is
unaltered.24 We have shown that tubulolobular
carcinomas display diffuse, membranous immunor-
eactivity for E-cadherin and the catenins, indicative
of an intact E-cadherin/catenin complex. The dys-
cohesive pattern seen in tubulolobular carcinomas,
as well as some high-grade ductal carcinomas, may
be due to other alterations leading to disrupted
epithelial cell junctions, and, perhaps, a resultant
increase in invasive and/or metastatic capacity. Loss
of catenin function via phosphorylation of tyrosine
residues may account for a disruption in cell
adhesion in the setting of unaltered cadherin,25

although this typically results in disintegration of
the entire complex.21,26 An alternative mechanism
for loss of cell-to-cell adhesion, other than disrup-
tion of the cadherin/catenin complex in adherens
junctions, is dysregulation of epithelial cell
tight junctions. For example, loss of claudin-7, a
member of the claudin family of tight junction

proteins, was shown to be decreased in high-grade
ductal lesions compared to low-grade lesions and
non-neoplastic mammary epithelium,27 implicating
its role in cell dyscohesion and invasion. Explora-
tion of this family of proteins in tubulolobular
carcinoma, in addition to other invasion-related
factors such as matrix metalloproteinases, may thus
be of interest, as the loss of cohesion as seen in
tubulolobular carcinoma may account for the rela-
tive increase in associated metastases compared to
tubular carcinoma.

The p120 catenin immunostaining pattern also
paralleled the results of E-cadherin immunostaining
in this study. P120 catenin, as part of the juxtamem-
branous portion of the E-cadherin/catenin complex,
is normally present in the cell membrane when E-
cadherin is present, indicative of the ductal pheno-
type, whereas it is dispersed throughout the cyto-
plasm when E-cadherin is absent, as in lobular
neoplasia.22,28,29

In conclusion, tubulolobular carcinoma of the
breast is a distinct type of mammary carcinoma that
displays both tubular and lobular patterns histolo-
gically but displays the membranous E-cadherin/
catenin complex characteristic of the ductal immu-
nophenotype. It may thus be better termed ‘ductal
carcinoma, tubulolobular subtype’, or ‘ductal carci-
noma with a tubulolobular pattern’. Even in this
small group of patients, tubulolobular carcinoma
appears to be more aggressive than tubular carcino-
ma, as 16% of patients had lymph node metastases,
although it carries an overall good prognosis, as all
patients were alive at a mean follow-up time of 40
months.

References

1 Fisher ER, Gregorio RM, Redmond C, et al. Tubulo-
lobular invasive breast cancer: a variant of lobular
invasive cancer. Hum Pathol 1977;8:679–683.

2 Green I, McCormick B, Cranor M, et al. A comparative
study of pure tubular and tubulolobular carcinoma of
the breast. Am J Surg Pathol 1997;21:653–657.

3 Wheeler DT, Tai LH, Bratthauer GL, et al. Tubulolob-
ular carcinoma of the breast: an analysis of 27 cases of a
tumor with a hybrid morphology and immunoprofile.
Am J Surg Pathol 2004;28:1587–1593.
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