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The vast majority of invasive breast tumors are ductal and lobular breast carcinomas. Despite the many similarities, 
some clinical follow-up data and the patterns of metastases suggest that these histological subtypes of breast cancer 
are biologically distinct. Few papers, however, describe immunohistochemical markers useful for differentiation of 
these carcinomas. Many investigations suggest that E cadherin protein expression is lost in lobular but not in ductal 
carcinoma. The absence of E-CD, as a partial loss of epithelial differentiation, may account for the extended spread 
of lobular carcinoma in situ and the peculiar diffuse invasion mode of invasive lobular carcinoma. Some investigations 
report the significance of E-CD associated proteins alpha-, beta-, gamma-catenin expression, as well as the usefulness 
of cytokeratins 5, 6, 8, 7 and thrombospondin in differentiating histological types of breast invasive carcinomas. Sev-
eral reports have suggested the possibility that invasive ductal and lobular cancers differ with respect to expression 
of antigens involved in proliferation and cell cycle regulation. It has been shown that vascular endothelial growth fac-
tor expression, also the expression of maspin, a tumour suppressor gene product, is higher in ductal, than in lobular 
carcinoma. Expression of NKX3.1, a member of the NK-class of homeodomain, is highly restricted and is found 
primarily in lobular carcinoma. Some histological and immunohistochemical characteristics of pleomorphic lobular 
carcinoma are also discussed.

INTRODUCTION

Invasive ductal and lobular breast carcinomas are the 
most common malignancies of the breast, accounting for 
80 % and 15 % of all invasive breast tumors, respectively. 
The two tumor subtypes are distinguished on the basis 
of their histology, with ductal tumors tending to form 
glandular structures, whereas lobular tumors are less co-
hesive and tend to invade in single file1, 2. Although treat-
ment for stage-matched ductal versus lobular tumors is 
similar3, 4, some studies suggest that metastatic patterns 
differ between lobular and ductal tumors5, 6, and lobular 
tumors may be less responsive to neoadjuvant therapy7. 
Such studies suggest that lobular tumor development and 
progression may follow a distinct pathway from ductal 
tumors.

At present, few papers report immunohistochemical 
markers useful for differentiation of lobular and ductal 
carcinomas of the breast or for differentiation of carci-
nomas derived from luminal and myoepithelial cells. In-
filtrating lobular carcinoma (ILC) and infiltrating ductal 
carcinoma (IDC) are similar in many respects and their 

histologic features occasionally overlap8–10. Despite the 
many similarities, some clinical follow-up data and the 
patterns of metastasis suggest that ILC and IDC are bio-
logically distinct11, 12. Unfortunately, most breast cancer 
research has focused almost exclusively on the ductal sub-
type or has not stressed the biologic or molecular genetic 
distinctions between breast carcinoma subtypes.

In order to study the biological differences between 
histological types of breast carcinoma, Ruibal et al ana-
lyzed clinical and biological parameters in breast cancer 
patients. In negative axillary lymph node involvement 
(N-) patients, ILCs were more frequently associated with 
diploidy, the existence of multiple foci, and higher pS2 
cytosolic levels than IDC. In N+ patients, ILCs were as-
sociated with multicentricity and had higher concentra-
tions of progesterone receptors13. Mersin et al reported 
that although patients with ILC were older, had low grade 
tumor and less lymphatic vascular invasion, they had no 
survival advantage compared with their counterparts, and 
histologic type was not an independent prognostic factor 
for outcome14.
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E CADHERIN

Many investigations suggest that E cadherin (E-CD) 
protein expression is lost in ILC but not IDC of the 
breast15–18. E-CD is a calcium-dependent, epithelial-spe-
cific cell-cell adhesion molecule whose reduced or lost 
expression is associated with tumor dedifferentiation and 
increased metastatic potential in human carcinomas19. 
Lehr et al found that IDC express E-CD in a similar pe-
ripheral-predominant immunostaining pattern, while all 
ILCs are negative for E-CD, suggesting a role for E-CD 
in the architectural organization of the cytoskeletal scaf-
folding within the tumor cells20. Acs et al described E-CD 
as a useful diagnostic tool strongly specific for tumours 
of ductal origin. They found that all in situ carcinomas 
with mixed ductal and lobular features demonstrated com-
plete loss of staining. Invasive carcinomas with ductal 
and lobular features showed 3 staining patterns: complete 
or almost complete lack of membrane staining, uniform 
membrane expression throughout the tumor, and focal 
loss of E-CD staining, which correlated with the histologic 
impression of focal lobular features21.

Goldstein studied relationships between membrane 
E-CD reactivity of invasive carcinoma, a dyshesive growth 
pattern, and lobular carcinoma-type systemic metastases. 
7 % mixed, predominantly ILC, 61 % mixed carcinomas, 
and 67 % mixed, predominantly IDC had E-CD staining in 
more than 10 % of the ILC cells. Lobular carcinoma-type 
systemic metastases were identified in 84 % pure lobu-
lar; 11 % mixed; 4 % pure ductal cacinomas. No E-CD 
staining was found in 98 % of ILC in cases of lobular 
carcinoma-type systemic metastases and all cases of ILC 
systemic metastases22. Moll et al showed that loss of E-CD 
expression is an early event in the formation of the lobular 
type of breast carcinomas. The absence of E-CD, as a 
partial loss of epithelial differentiation, may account for 
the extended spread of lobular carcinoma in situ and the 
peculiar diffuse invasion mode of ILC. The generation of 
dedifferentiated IDCs can only in part be correlated with 
reduced expression of the intercellular adhesion molecule 
E-CD23.

Gamallo et al showed that E-CD expression correlates 
with histological type and grade of breast carcinoma. None 
of the ILC expressed E-CD, whereas only weak immunos-
taining was found in areas of atypical lobular hyperplasia 
and lobular carcinoma in situ24. Siitonen et al showed that 
the loss of normal E-CD expression is an indicator of in-
creased invasiveness and dedifferentiation in breast carci-
noma and that E-CD is a potentially important prognostic 
factor in primary IDCs. The proportion of tumors with 
reduced or lost E-CD expression increased significantly 
from pure intraductal carcinomas (20 %) through invasive 
ductal (52 %) to recurrent carcinomas. None of the ILCs 
retained normal E-CD expression in contrast to 48 % of 
the IDCs. In primary IDCs, reduced E-CD expression was 
associated with high histologic grade, negative estrogen 
receptor status, and axillary node involvement. In a subset 
of primary IDC patients reduced E-CD expression was 
associated with shortened disease-free survival25. Brinck 

et al found that the loss of E-CD expression is related to 
an increase in diffuse growth pattern in both lobular and 
ductal types of breast cancer, and the differential propor-
tions of growth patterns in both tumor types cause the 
tendency for lower E-CD expression in the lobular type. 
In 60 % of ILC the diffuse growth pattern and in 72 % of 
IDC the compact growth pattern predominated. E-CD 
expression was significantly lower in diffuse than in com-
pact tumor area and not related to carcinoma type. No 
mutations were detected26.

Most breast carcinomas in situ (CIS) are easily cat-
egorized as ductal (DCIS) or lobular (LCIS). However, 
some CIS have indeterminate histologic features (CIS-IF). 
Jacobs et al suggest that E-CD immunostaining is of value 
in helping to characterize breast carcinomas in situ with 
indeterminate features. They studied histologic features 
and E-CD expression by immunohistochemistry in LCIS, 
DCIS, and CIS-IF. CIS-IF cases were divided into three 
groups based on histology: Group 1 cases were typical 
LCISs with areas of comedo-type necrosis. Group 2 
cases were CIS lesions growing in a solid or cohesive 
mosaic pattern. Group 3 cases had the dyshesive growth 
pattern characteristic of LCIS. All cases of LCIS were 
E-CD negative, and all DCIS cases were E-CD positive 
by immunohistochemistry. All cases from the CIS-IF 
group 1 and group 3 were negative for E-CD, suggest-
ing a closer kinship to LCIS than to DCIS. In contrast, 
CIS-IF group 2 cases were heterogeneous with respect to 
E-CD staining. 35.3 % cases were E-CD negative (more 
akin to LCIS), 29.4 % cases were E-CD positive (akin to 
DCIS), and 35.3 % cases had both E-CD-positive and E-
CD-negative tumor cells, suggesting a mixed DCIS/LCIS 
phenotype27.

Bratthauer et al found that E-CD and high molecu-
lar weight (HMW) cytokeratins in combination are ex-
tremely useful in distinguishing lobular (LIN) and ductal 
(DIN) intraepithelial lesions and clarifying the nature of 
morphologically intermediate cases. Antibodies to E-CD 
and HMW cytokeratins 1, 5, 10 and 14 were used in clas-
sic LIN, DIN1c to DIN3. All samples of LIN showed 
complete negativity for E-CD, whereas the LIN lesions 
displayed cytoplasmic positivity, often in a distinct pei-
nuclear pattern. Morphologically indeterminate cases 
could be classified as either ductal or lobular based on 
the immunoprofile but some cases differed from either 
typical DIN or classic LIN which can be separated as 
MIN (mammary intraepithelial neoplasia, not otherwise 
specified)28.

CATENINS

Some investigations suggest the role of E-CD asso-
ciated proteins alpha-, beta-, gamma-catenin expression 
and their significance in ILC and IDC29–31.Beta-Catenin 
plays a central role in the E-CD/catenin cell-cell adhe-
sion complex and is possibly involved in cellular signalling 
pathways. De Leeuw et al report that simultaneous loss 
of E-cadherin and alpha-, beta- and gamma-catenin is an 
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important step in the formation of lobular carcinoma in 
situ, as a precursor of invasive lobular breast cancer32. 
Karayiannakis et al found that quantitative and qualitative 
changes in beta-catenin expression occur in in situ and 
IDC and are more prominent in ILC. Altered beta-cat-
enin expression was found in 68 % of tumours including 
77 % of ILC and 64 % of IDC with 46 % of lobular cases 
showing complete absence of beta-catenin immunoreactiv-
ity. Cytoplasmic beta-catenin localization was seen only 
in IDC33. However, Han et al showed that alpha-, beta-, 
gamma-catenin expression was almost identical in ILC 
and IDC of breast, indicating significant loss and reduc-
tion of protein expression in tumor cells34.

CYTOKERATINS

Some investigations suggest the usefulness of cyto-
keratins in differentiating histological types of breast inva-
sive carcinomas. Immunohistochemistry using antibodies 
to cytokeratin 8 can serve as a valuable diagnostic tool 
for the differentiation of ILC from IDC. IDC exhibits a 
peripheral-predominant immunostaining pattern, adjacent 
tumor cells “molding” to each other, while ILC shows a 
ring-like perinuclear immunostaining pattern. This immu-
nostaining pattern is stable even in tumors that otherwise 
do not exhibit characteristic histomorphologic features20. 
Heatley et al showed that cytokeratin profiles in the lumi-
nal epithelium of benign breast lesions and most carci-
nomas are similar in most cases, but in a few IDCs none 
of the tumour cells reacted for cytokeratins 7, 8, or 18. 
Three IDCs expressed cytokeratin 14. Only occasional 
cases expressed cytokeratins 3,4,10,1335. Tot analysed the 
expression of cytokeratins 20 and 7 in different histologi-
cal types of invasive breast carcinomas. Typical IDC as 
well as ILC carcinomas expressed CK7 but not CK20. 
92 % were CK20 negative. 4 % of ILC stained diffusely 
with CK 20.98 % of the tumors were CK7 positive. Like 
their ductal counterparts, invasive breast carcinomas of 
special type were CK20(–)/CK7(+)36.

Otterbach et al found that basal-type cytokeratins 
(CKs) 5 and 6 can distinguish typical ductal hyperplasias 
(UDH) from the spectrum of atypical ductal hyperpla-
sias (ADH), DCIS and LCIS. In normal breast tissues, 
myoepithelial immunoreactivity for CK5/6 was most 
pronounced in the duct system, while luminal epithe-
lial immunoreactivity was strongest in the terminal duct 
lobular units. In ductal hyperplasias, luminal epithelial 
cells revealed predominantly CK 5/6 immunoreaction. 
In contrast, neoplastic epithelial cells in atypical ductal 
and lobular hyperplasias (ADH and ALH) lacked such 
an expression, whereas 3.7 % of DCIS and 7.7 % of IDCs 
showed positive immunostaining37. Lacroix-Triki et al con-
firmed that D5/16B4 antibody directed against CK5/6 is 
useful in distinguishing UDH from the spectrum of ADH/
DCIS/LCIS and that D5/16B4 is a far more specific mark-
er than 34betaE12 antibody. Abundant immunostaining 
was observed in all UDH using both antibodies38.

CYCLINS

Several reports have suggested the possibility that ILCs 
and IDCs differ with respect to expression of antigens in-
volved in proliferation and cell cycle regulation. Soslow 
et al studied the expression of estrogen receptor (ER), 
progesterone receptor (PR), HER-2/neu, Ki-67, cyclin D1, 
p27, p53, mdm-2 and bcl-2. They found that ILCs and 
well-differentiated IDCs show similar proliferation and 
cell cycle control antigen profiles. Despite their unusual 
histologic features, most ILC variants appear to maintain 
a characteristic ILC immunophenotype39. Sasano et al 
found different patterns of cyclin D1, cyclin E, cdk2 and 
cdk4 expression in human breast IDC and ILC. In IDC 
a significant correlation was found between Ki-67 and cy-
clin D1, Ki-67 and cdk2 and cyclin D1 and cdk4. Only 
cyclin D1 correlated with the pathologic stages of the 
disease and histological grades of invasive IDC. Cyclin 
D1 and cdk2 expression correlated with cell prolifera-
tion and cyclin D1 expression with expression of cdk4 
in IDC but not ILC40. Naidu et al found that cyclin D1 
expression differs according to histological type of breast 
neoplasm. Cyclin D1 was strongly positive in 61 % of the 
comedo subtype, 61 % of the non-comedo subtype, 59 % of 
the comedo DCIS and 63 % of the adjacent IDC, 53 % of 
the non-comedo DCIS and 58 % of the adjacent invasive 
lesions, 58 % of the IDC, 73 % of the ILC41.

THROMBOSPONDIN

The biological differences between ductal and lobular 
breast carcinomas is reflected in the different expression 
patterns of TSP (thrombospondin). TSP is present in nor-
mal breast secretions, and high levels of TSP are observed 
in malignant breast secretions and cytosols. Three genes 
encoding for three distinct TSPs (TSP1, TSP2, TSP3) 
have recently been described. TSP1 has two known cell 
surface receptors for TSP1: CD36 and CD51. Clezardin 
et al showed that TSP1 codistributed with CD51 in most 
ILC cells (40 to 80 %) and with CD36 in a subpopulation 
(30 to 40 %) of these invasive tumor cells42. TSP could 
account for the peculiarly diffuse invasive behaviour of 
breast ILC cells. Serre et al studied the ultrastructural 
distribution of TSP and its cell surface receptor, integrin 
alpha V in DCIS with an invasive component and ILC. 
In the invasive part of IDC, most of the malignant cells 
were negative for TSP, while integrin alpha V was moder-
ately expressed. In contrast, typical strands of ILC cells 
in „Indian file“ showed moderate TSP immunostaining 
in the rough endoplasmic reticulum and strong immu-
noreactivity for TSP at the plasma membrane and in the 
extracellular matrix. Moderate to strong immunoreactivity 
for integrin alpha V was also observed in ILC cells43.
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p63

p63 is a member of the p53 gene family, and its germ-
line mutations are associated with severe mammary 
developmental defects in both rodents and humans. Dif-
ferent p63 isoforms have been identified, some of which 
([DELTA]Np63) are preferentially expressed in the epi-
thelial basal cells of different organs and have been con-
sidered as possible markers of stem cells/reserve cells. 
Barbareschi et al demonstrated that in normal and patho-
logic breast tissue myoepithelial cells (MCs) consistently 
express the [DELTA]Np63 isoforms. They suggest that 
p63 is a reliable, highly specific, and sensitive MC marker 
in both histologic and cytologic preparations. Since p63 
immunoreactivity in adult epithelia is normally restricted 
to progenitor cells, it can be speculated that it might be 
a clue for the identification of the still elusive breast pro-
genitor cells44.

VEGF

Angiogenesis is essential for tumour growth and im-
portant in tumour metastasis and prognosis. Vascular en-
dothelial growth factor (VEGF) stimulates endothelial 
proliferation in vitro and angiogenesis in vivo45,46. It has 
been shown that VEGF expression is correlated with high 
tumour vascularity, including carcinoma of the breast47. 
Lee et al found a difference in VEGF expression between 
IDC and ILC. They investigated VEGF expression by 
immunohistochemistry and in situ hybridization in ILC, 
IDC and pure DICS of the breast. Vascular density was 
assessed by staining for von Willebrand factor. There was 
more expression of both VEGF protein and mRNA in 
IDC than in ILC. VEGF protein and mRNA correlated 
with vascular density in IDC. In ILC, vascular density 
did not correlate with VEGF mRNA and was inversely 
related to VEGF protein. There were no significant dif-
ferences in vascular density between the two types of 
invasive carcinoma, suggesting that VEGF is important 
in angiogenesis in IDC, but that other angiogenic factors 
are important in ILC48.

MASPIN

Maspin is a recently described member of the serpin 
family or protease inhibitors known to be a tumour sup-
pressor gene product. Loss of maspin expression has been 
found in most breast cancer cases and is correlated with 
cell motility and tumour invasiveness49, 50. However, its 
precise role in human breast cancer remains unknown. 
Some results indicate that different biological mechanisms 
may be responsible for maspin expression in different 
histological types of breast cancer. Kim et al found that 
maspin expression was more frequently detected in IDC 
(36.4 %) than in ILC (7.1 %). They analysed the expres-
sion of maspin in stages I and II of primary breast cancers 
by immunohistochemistry. 34.4 % of these cases showed 

maspin expression, which was not associated with overall 
and disease-free survival rate of breast cancer51.

NKX3.1

NKX3.1 is a member of the NK-class of homeodo-
main. It can be expressed in a broad spectrum of human 
cancers and normal tissues52–54. Gelmann et al showed that 
expression of NKX3.1 is highly restricted and is found 
primarily in ILC. NKX3.1 expressed in 9 % of primary 
and 5 % of metastatic IDC, and 27 % of primary and 26 % 
of metastatic ILC. In a cohort of primary breast cancers 
with median follow-up over 62.5 month survival, NKX3.1 
expression had no effect on prognosis55 (Table 1).

Table 1. Putative immunohistochemical markers 
for invasive ductal and lobular breast carcinomas

Immunohistochemical 
markers

ILC IDC

E cadherin No expression Expression

Alpha-, beta-, gamma-
catenin

No expression Expression

Cytokeratin 8
Ring-like perinu-
clear immunos-
taining

Peripheral-
predominant 
immunostain-
ing

Cytokeratins 18 Expression
No expres-
sion

Thrombospondin Expression
No expres-
sion

VEGF No expression Expression

Maspin No expression Expression

NKX3.1 Expression
No expres-
sion

DIFFERENTIATION OF PLEOMORPHIC 
LOBULAR AND DUCTAL CARCINOMA

Pleomorphic lobular carcinoma (PLC) is a recently 
described entity separate from classical ILC by cytolog-
ic pleomorphism56, 57. It can have an aggressive clinical 
course with a higher frequency of recurrence. Histologic 
differentiation from IDC may be difficult but it is impor-
tant for this differentiation to be made58, 59. Complete loss 
of E-CD expression has been observed in ILC and LCIS. 
IDC retains at least some expression of E-CD. Wahed et 
al examined the pattern of E-CD expression in a series 
of cases of PLC by immunohistochemistry. 86 % of cases 
showed no staining, and the remaining cases exhibited 
10 % to 25 % positive cells. In cases with histologically 
equivocal features, immunohistochemical detection of 
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E-CD expression can be a useful diagnostic aid in the 
differentiation of PLC and IDC60. Frolik et al studied 
PLC, poorly differentiated IDC and well-differentiated 
ILC as controls. They detected more frequent over-expres-
sion of Her2 among PLCs (G3) as well as the generally 
low apoptosis which can contribute to their aggressive 
behaviour61. Sneige et al found that the cytologic features 
and biomarker expression profile of of PLC (ductal-lobu-
lar) CIS (PL/DLCIS) are similar to those of PLC in situ 
(PLCIS) with invasion but somewhat different from those 
of classic LCIS and DCIS62.

CONCLUSION

The data discussed above suggest that the proteomics 
of infiltrating ductal and lobular carcinomas are differ-
ent. The biological differences between these two types 
of breast cancer are reflected in the different expression 
of E cadherin, E cadherin associated proteins alpha-, 
beta-, gamma-catenin, basal type cytokeratins, cyclins, 
thrombospondin, p63, VEGF, maspin, and NKX3.1. The 
distinct expression patterns of these proteins in atypical 
epithelial hyperplasias, ductal or lobular carcinoma in situ 
lesions and infiltrative ductal and lobular tumours suggest 
that the molecular basis of breast cancer is not uniform. 
Different histological types of breast tumours show differ-
ent phenotypes which seem to be associated with different 
gene expression profiling. More investigations focused on 
correlations between tumour phenotype and gene expres-
sion profile are needed for translation of molecular results 
in clinical practice.

ACKNOWLEDGEMENT

This work has been supported by grants NR7844-3 
and MSM 6198959216.

REFERENCES

 1. Rosen PP. Rosen’s Breast Pathology. Lippincots-Raven Publishers 
1997.

 2. Weidner N, Cote R, Suster S, et al. Modern Surgical Pathology. 
Elsevier Science, 2003. p. 891–2.

 3. Peiro G, Bornstein BA, Connolly JL, Gelman R, Hetelekidis S, 
Nixon AJ, Recht A, Silver B, Harris JR, Schnitt SJ. (2000) The 
influence of infiltrating lobular carcinoma on the outcome of pa-
tients treated with breast-conserving surgery and radiation therapy. 
Breast Cancer Res Treat 59, 49-54.

 4. Molland JG, Donnellan M, Janu NC, Carmalt HL, Kennedy CW, 
Gillett DJ. (2004) Infiltrating lobular carcinoma--a comparison of 
diagnosis, management and outcome with infiltrating duct carci-
noma. Breast 13, 389-96.

 5. Jain S, Fisher C, Smith P, Millis RR, Rubens RD. (1993) Patterns 
of metastatic breast cancer in relation to histological type. Eur J 
Cancer 29A, 2155-7.

 6. Borst MJ, Ingold JA. (1993) Metastatic patterns of invasive lobu-
lar versus invasive ductal carcinoma of the breast. Surgery 114, 
637–41.

 7. Newman LA, Buzdar AU, Singletary SE, Kuerer HM, Buchholz 
T, Ames FC, Ross MI, Hunt KK. (2002) A prospective trial of 

preoperative chemotherapy in resectable breast cancer: predic-
tors of breast-conservation therapy feasibility. Ann Surg Oncol 9, 
228–34.

 8. Arpino G, Bardou VJ, Clark GM, Elledge RM. (2004) Infiltrating 
lobular carcinoma of the breast: tumor characteristics and clinical 
outcome. Breast Cancer Res 6, 149–56.

 9. Ferlicot S, Vincent-Salomon A, Medioni J, Genin P, Rosty C, Sigal-
Zafrani B, Freneaux P, Jouve M, Thiery JP, Sastre-Garau X. (2004) 
Wide metastatic spreading in infiltrating lobular carcinoma of the 
breast. Eur J Cancer 40, 336–41.

10. Paumier A, Sagan C, Campion L, Fiche M, Andrieux N, Dravet F, 
Pioud R, Classe JM. (2003) Accuracy of conservative treatment 
for infiltrating lobular breast cancer: a retrospective study of 217 
infiltrating lobular carcinomas and 2155 infiltrating ductal carci-
nomas. J Gynecol Obstet Biol Reprod 32, 529–34.

11. Silverstein MJ, Lewinsky BS, Waisman JR, Gierson ED, Colburn 
WJ, Senofsky GM, Gamagami P. (1994) Infiltrating lobular carci-
noma. Is it different from infiltrating duct carcinoma? Cancer 73, 
1673–7.

12. Toikkanen S, Pylkkanen L, Joensuu H. (1997) Invasive lobular 
carcinoma of the breast has better short- and long-term survival 
than invasive ductal carcinoma. Br J Cancer 76, 1234–40.

13. Ruibal A, Nunez MI, del Rio M, Arias J, Martinez MI, Rabadan 
J, Tejerina A. (1999) Clinical-biological differences between inva-
sive ductal carcinomas and breast lobular carcinomas. Preliminary 
results. Rev Esp Med Nucl 18, 84–7.

14. Mersin H, Yildirim E, Gulben K, Berberoglu U. (2003) Is invasive 
lobular carcinoma different from invasive ductal carcinoma? Eur J 
Surg Oncol 29, 390–5.

15. Kowalski PJ, Rubin MA, Kleer CG. (2003) E-cadherin expression 
in primary carcinomas of the breast and its distant metastases. 
Breast Cancer Res 5, R217–22.

16. Vos CB, Cleton-Jansen AM, Berx G, de Leeuw WJ, ter Haar NT, 
van Roy F, Cornelisse CJ, Peterse JL, van de Vijver MJ. (1997) 
E-cadherin inactivation in lobular carcinoma in situ of the breast: 
an early event in tumorigenesis. Br J Cancer 76, 1131–3.

17. Gupta D, Croitoru CM, Ayala AG, Sahin AA, Middleton LP. 
(2002) E-cadherin immunohistochemical analysis of histiocytoid 
carcinoma of the breast. Ann Diagn Pathol 6, 141–7.

18. Rieger-Christ KM, Pezza JA, Dugan JM, Braasch JW, Hughes KS, 
Summerhayes IC. (2001) Disparate E-cadherin mutations in LCIS 
and associated invasive breast carcinomas. Mol Pathol 54, 91–7.

19. Goldstein NS, Bassi D, Watts JC, Layfield LJ, Yaziji H, Gown 
AM. (2001) E-cadherin reactivity of 95 noninvasive ductal and 
lobular lesions of the breast. Implications for the interpretation of 
problematic lesions. Am J Clin Pathol 115, 534–42.

20. Lehr HA, Folpe A, Yaziji H, Kommoss F, Gown AM. (2000) Cy-
tokeratin 8 immunostaining pattern and E-cadherin expression dis-
tinguish lobular from ductal breast carcinoma. Am J Clin Pathol 
114, 190–6.

21. Acs G, Lawton TJ, Rebbeck TR, LiVolsi VA, Zhang PJ (2001) Dif-
ferential expression of E-cadherin in lobular and ductal neoplasms 
of the breast and its biologic and diagnostic implications. Am J 
Clin Pathol 115, 85–98.

22. Goldstein NS. (2002) Does the level of E-cadherin expression cor-
relate with the primary breast carcinoma infiltration pattern and 
type of systemic metastases? Am J Clin Pathol 118, 425–34.

23. Moll R, Mitze M, Frixen UH, Birchmeier W. (1993) Differential 
loss of E-cadherin expression in infiltrating ductal and lobular 
breast carcinomas. Am J Pathol 143, 1731–42.

24. Gamallo C, Palacios J, Suarez A, Pizarro A, Navarro P, Quintanilla 
M, Cano A. (1993) Correlation of E-cadherin expression with dif-
ferentiation grade and histological type in breast carcinoma. Am 
J Pathol 142, 987–93.

25. Siitonen SM, Kononen JT, Helin HJ, Rantala IS, Holli KA, Isola JJ. 
(1996) Reduced E-cadherin expression is associated with invasive-
ness and unfavorable prognosis in breast cancer. Am J Clin Pathol 
105, 394–402.

26. Brinck U, Jacobs S, Neuss M, Tory K, Rath W, Kulle B, Fuzesi 
L. (2004) Diffuse growth pattern affects E-cadherin expression in 
invasive breast cancer. Anticancer Res 24, 2237–42.



62 G. Turashvili, J. Bouchal, G. Burkadze, Z. Kolář

27. Jacobs TW, Pliss N, Kouria G, Schnitt SJ. (2001) Carcinomas In 
Situ of the Breast With Indeterminate Features: Role of E-Cadherin 
Staining in Categorization. Am J Surg Pathol 25, 229–236.

28. Bratthauer GL, Moinfar F, Stamatakos MD, Mezzetti TP, Shekitka 
KM, Man YG, Tavassoli FA. (2002) Combined E-cadherin and 
high molecular weight cytokeratin immunoprofile differentiates 
lobular, ductal, and hybrid mammary intraepithelial neoplasias. 
Hum Pathol 33, 620–7.

29. Rieger-Christ KM, Pezza JA, Dugan JM, Braasch JW, Hughes KS, 
Summerhayes IC. (2001) Disparate E-cadherin mutations in LCIS 
and associated invasive breast carcinomas. Mol Pathol 54, 91–7.

30. Nakopoulou L, Gakiopoulou-Givalou H, Karayiannakis AJ, Gi-
annopoulou I, Keramopoulos A, Davaris P, Pignatelli M. (2002) 
Abnormal alpha-catenin expression in invasive breast cancer cor-
relates with poor patient survival. Histopathology 40, 536–46.

31. Zschiesche W, Schonborn I, Behrens J, Herrenknecht K, Hartveit 
F, Lilleng P, Birchmeier W. (1997) Expression of E-cadherin and 
catenins in invasive mammary carcinomas. Anticancer Res 17, 
561–7.

32. De Leeuw WJ, Berx G, Vos CB, Peterse JL, Van de Vijver MJ, 
Litvinov S, Van Roy F, Cornelisse CJ, Cleton-Jansen AM. (1997) 
Simultaneous loss of E-cadherin and catenins in invasive lobular 
breast cancer and lobular carcinoma in situ. J Pathol 183, 404–
11.

33. Karayiannakis AJ, Nakopoulou L, Gakiopoulou H, Keramopoulos 
A, Davaris PS, Pignatelli M. (2001) Expression patterns of beta-
catenin in in situ and invasive breast cancer. Eur J Surg Oncol 27, 
31–6.

34. Han A, Xiong M, Li Z, Liang Y. (2001) E-cadherin associated pro-
tein expression and its significance in invasive lobular carcinoma 
and invasive ductal carcinoma of breast. Zhonghua Bing Li Xue 
Za Zhi 30, 27–30.

35. Heatley M, Maxwell P, Whiteside C, Toner P. (1995). Cytokeratin 
intermediate filament expression in benign and malignant breast 
disease. J Clin Pathol 48, 26–32.

36. Tot T. (1990) Patterns of distribution of cytokeratins 20 and 7 in 
special types of invasive breast carcinoma: a study of 123 cases. 
Ann Diagn Pathol 3, 350–6.

37. Otterbach F, Bankfalvi A, Bergner S, Decker T, Krech R, Boecker 
W. (2000) Cytokeratin 5/6 immunohistochemistry assists the dif-
ferential diagnosis of atypical proliferations of the breast. Histopa-
thology 37, 232–40.

38. Lacroix-Triki M, Mery E, Voigt JJ, Istier L, Rochaix P. (2003) Value 
of cytokeratin 5/6 immunostaining using D5/16 B4 antibody in the 
spectrum of proliferative intraepithelial lesions of the breast. A 
comparative study with 34betaE12 antibody. Virchows Arch 442, 
548–54.

39. Soslow RA, Carlson DL, Horenstein MG, Osborne MP (2000) A 
comparison of cell cycle markers in well-differentiated lobular and 
ductal carcinomas. Breast Cancer Res and Treat 61, 161–170.

40. Sasano H, Frost AR, Saitoh R, Taniyama Y, Nagura H, Matsunaga 
G, Takehana K, Kimura M, Silverberg SG. (1997) Immunolocaliza-
tion of cyclins D and E and cyclin dependent kinase (cdk) 2 and 
4 in human breast carcinoma. Anticancer Res 17, 3685–90.

41. Naidu R, Wahab NA, Yadav MM, Kutty MK. (2002) Expression 
and amplification of cyclin D1 in primary breast carcinomas: re-
lationship with histopathological types and clinico-pathological 
parameters. Oncol Rep 9, 409–16.

42. Clezardin P, Frappart L, Clerget M, Pechoux C, Delmas PD. (1993) 
Expression of thrombospondin (TSP1) and its receptors (CD36 
and CD51) in normal, hyperplastic, and neoplastic human breast. 
Cancer Res 53, 1421–30.

43. Serre CM, Clezardin P, Frappart L, Boivin G, Delmas PD. (1995) 
Distribution of thrombospondin and integrin alpha V in DCIS, 
invasive ductal and lobular human breast carcinomas. Analysis by 
electron microscopy. Virchows Arch 427, 365–72.

44. Barbaresch M, Pecciarini L, Cangi MG, Macri E, Rizzo A, Viale G, 
Doglioni C (2001) p63, a p53 Homologue, Is a Selective Nuclear 
Marker of Myoepithelial Cells of the Human Breast. Am J Surg 
Pathol 25, 1054–1060.

45. Chhieng DC, Tabbara SO, Marley EF, Talley LI, Frost AR. (2003) 
Microvessel density and vascular endothelial growth factor expres-
sion in infiltrating lobular mammary carcinoma. Breast J 9, 200–
7.

46. Lewis JS, Landers RJ, Underwood JC, Harris AL, Lewis CE. 
(2000) Expression of vascular endothelial growth factor by mac-
rophages is up-regulated in poorly vascularized areas of breast car-
cinomas. J Pathol 192, 150–8.

47. Rajesh L, Joshi K, Bhalla V, Dey P, Radotra BD, Nijhawan R. 
(2004) Correlation between VEGF expression and angiogenesis 
in breast carcinoma. Anal Quant Cytol Histol 26, 105–8.

48. Lee AH, Dublin EA, Bobrow LG, Poulsom R. (1998) Invasive 
lobular and invasive ductal carcinoma of the breast show distinct 
patterns of vascular endothelial growth factor expression and ang-
iogenesis. J Pathol 185, 394–401.

49. Seftor RE, Seftor EA, Sheng S, Pemberton PA, Sager R, Hendrix 
MJ. (1998) Maspin suppresses the invasive phenotype of human 
breast carcinoma. Cancer Res 58, 5681–5.

50. Li JJ, Colburn NH, Oberley LW. (1998) Maspin gene expression 
in tumor suppression induced by overexpressing manganese-con-
taining superoxide dismutase cDNA in human breast cancer cells. 
Carcinogenesis 19, 833–9.

51. Kim DH, Yoon DS, Dooley WC, Nam ES, Ryu JW, Jung KC, Park 
HR, Sohn JH, Shin HS, Park YE. (2003) Association of maspin 
expression with the high histological grade and lymphocyte-rich 
stroma in early-stage breast cancer. Histopathology 42, 37–42.

52. Jiang AL, Zhang JY, Young C, Hu XY, Wang YM, Liu ZF, Hao ML. 
(2004) Molecular cloning and characterization of human home-
obox gene Nkx3.1 promoter. Acta Biochim Biophys Sin (Shanghai) 
36, 64–7.

53. Tanaka M, Lyons GE, Izumo S. (1999) Expression of the Nkx3.1 
homobox gene during pre and postnatal development. Mech Dev 
85, 179–82.

54. Prescott JL, Blok L, Tindall DJ. (1998) Isolation and androgen 
regulation of the human homeobox cDNA, NKX3.1. Prostate 35, 
71–80.

55. Gelmann EP, Bowen C, Bubendorf L. (2003) Expression of 
NKX3.1 in normal and malignant tissues. Prostate 55, 111–7.

56. Bentz JS, Yassa N, Clayton F. (1998) Pleomorphic lobular carci-
noma of the breast: clinicopathologic features of 12 cases. Mod 
Pathol 11, 814-22.

57. Weidner N, Semple JP. (1992) Pleomorphic variant of invasive 
lobular carcinoma of the breast. Hum Pathol 23, 1167–71.

58. Middleton LP, Palacios DM, Bryant BR, Krebs P, Otis CN, Merino 
MJ. (2004) Pleomorphic lobular carcinoma: morphology, immu-
nohistochemistry, and molecular analysis. Am J Surg Pathol 24, 
1650–6.

59. Radhi JM. (2000) Immunohistochemical analysis of pleomorphic 
lobular carcinoma: higher expression of p53 and chromogranin and 
lower expression of ER and PgR. Histopathology 36, 156–60.

60. Wahed A, Connelly J, Reese T. (2002) E-cadherin expression in 
pleomorphic lobular carcinoma: an aid to differentiation from duc-
tal carcinoma. Ann Diagn Pathol 6, 349–51.

61. Frolik D, Caduff R, Varga Z. (2001) Pleomorphic lobular carci-
noma of the breast: its cell kinetics, expression of oncogenes and 
tumour suppressor genes compared with invasive ductal carcino-
mas and classical infiltrating lobular carcinomas. Histopathology 
39, 503–13.

62. Sneige N, Wang J, Baker B, Krishnamurthy S, Middleton L. (2002) 
Clinical, histopathologic, and biologic features of pleomorphic 
lobular (ductal-lobular) carcinoma in situ of the breast: A Report 
of 24 Cases. Mod Pathol 15, 1044–1050.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


