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ABSTRACT 

Despite the significant  biological, behavioural and management  differences between 

ductal carcinoma in situ (DCI S)  and invasive carcinoma of the breast , they share many 

morphological and molecular sim ilar it ies. Different iat ion of these two different  lesions in 

breast  pathological diagnosis is typically based on the presence of an intact  barr ier 

between the malignant  epithelial cells and st roma, namely the myoepithelial cell (MEC) 

layer and surrounding basement  membrane (BM) . Despite being robust  diagnost ic 

cr iter ia, the ident ificat ion of MECs and BM to different iate in situ from  invasive carcinoma 

is not  always st raight forward. The MEC layer around DCI S may be interrupted and/ or 
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show an altered immunoprofile. MECs may be absent  in some benign locally infilt rat ive 

lesions such as m icroglandular adenosis and infilt rat ing epitheliosis, and occasionally in 

non- infilt rat ive condit ions such as apocrine lesions, and in these contexts this does not  

denote malignancy or invasive disease with metastat ic potent ial. MECs may be also 

absent  around some malignant  lesions such as some forms of papillary carcinoma yet  

these behave in an indolent  fashion akin to some DCI S. I n Paget ’s disease, malignant  

mammary epithelial cells extend anterior ly from the ducts to infilt rate the epiderm is of 

the nipple but  do not  typically infilt rate through the BM into the derm is. Conversely, BM-

like material can be seen around invasive carcinoma cells and around metastat ic tumour 

cell deposits. Here, we review the role of MECs and BM in breast  pathology and highlight  

potent ial clinical implicat ions. We advise caut ion in interpretat ion of MEC features in 

breast  pathology and m indfulness of the substant ive evidence base in the literature 

associated with behaviour and clinical outcome of lesions classif ied as benign on 

convent ional morphological exam inat ion before changing classificat ion to an invasive 

lesion on the sole basis of MEC characterist ics. 

 

I NTRODUCTI ON 

Ductal carcinoma in situ (DCI S)  of the breast  is defined as a proliferat ion of malignant  

epithelial cells confined to the ducto- lobular system of the breast  without  evidence of 

st romal invasion [ 1, 2] . I nvasion is defined morphologically, as in other organ sites, by 

the absence, or breaching, of the basement  membrane (BM) barr ier between the 

malignant  epithelial cells and surrounding st roma. I n the breast  there is an addit ional 

myoepithelial cell (MEC)  layer between the epithelium and the BM. At  the molecular 

level, DCI S progresses to invasive carcinoma when malignant  cells acquire the invasive 

phenotype [ 1, 3]  that  is the capabilit y to infilt rate through both the MEC and BM layers. 

Because of challenges and lim itat ions in ident ify ing BM components using 

immunocytochem ist ry ( I HC) , the MEC layer has gained importance because of the 

greater sim plicity of it s ident ificat ion immunohistochem ically and is thus used as a 

surrogate marker for invasion through the BM. The loss of the MEC layer in breast  

pathology has become a key cr iter ion for different iat ing non- invasive from invasive 

disease implying, possibly incorrect ly in some contexts, direct  exposure of the malignant  

epithelial cells to the st roma and a subsequent  abilit y to infilt rate and metastasize. 

  

Understanding the events that  lead to invasiveness and the role of MECs and BM is 

crucial in improving diagnosis and management  of various breast  lesions. This review 

addresses the features and roles of MECs and BM in the understanding and diagnosis of 

breast  lesions, with an emphasis on DCI S, and highlights the morphological use of 
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specific features for different iat ing benign from malignant  lesions and in situ from  

invasive disease that  have significant  management  implicat ions. 

 

Features of DCI S progression to invasive carcinom a 

During progression from in situ to invasive disease interact ions between int raductal 

malignant  cells and peripheral MECs, which are thought  to act  as a ‘gatekeeper’ exert ing 

tumour suppressive effects [ 4] , take place leading to loss of MECs unleashing the 

progression to invasive disease [ 5, 6] . Molecular studies of DCI S and invasive breast  

cancer ( I BC)  suggest  that  this progression is not  only driven by genom ic aberrat ions in 

the malignant  cells but  also a result  of complex processes involving interact ions and 

cross talks of tumour cells with the surrounding st romal environment  including BM, 

st romal cells, vascular spaces and immune cells [ 7-9]  (Figure 1) . I n fact  the process of 

progression to invasive disease is mult ifactorial and complex. I t  is thought  that  the 

act ivity of proteolyt ic proteins secreted by the malignant  cells to breach the BM and 

surrounding st roma is sufficient  to explain progression [ 9]  however;  results of clinical 

t r ials of inhibitors of proteolyt ic enzymes to suppress tumour progression have not  been 

prom ising [ 10] . I n view of the lim ited success in ident ify ing genet ic aberrat ions in the 

malignant  cells of DCI S that  can predict  invasion, despite all previous efforts, we believe 

that  further understanding the role of the m icroenvironment  and its interact ion with 

DCI S cells may help in deciphering this complex process of invasion with the potent ial of 

improving pat ient  management . 

Characterisat ion of DCI S- associated m yoepithelia l cells 

MECs surround both normal term inal duct  lobular units and larger ducts as well as 

precancerous ( in situ)  lesions of the breast , form ing a natural barr ier and in the lat ter 

situat ion separat ing the abnormally proliferat ing epithelial ( lum inal)  cells from the 

surrounding various st romal elem ents. I t  has been postulated that  disrupt ion of this 

barr ier is required for tumour invasion and metastasis [ 11] . 

Loss of physical barrier 

MECs surrounding DCIS show some morphological differences to normal breast  MECs 

and there is evidence to indicate that  DCI S-derived MECs lose the power to polar ise 

lum inal epithelial cells [ 12] . I nterest ingly, discont inuity in expression of MEC markers in 

the absence of m icroinvasion of tumour cells into the surrounding st roma has been 

observed, raising the possibilit y that  this could be the primary event  which precedes 

tumour invasion [ 13] . Such interrupt ion in the MEC layer integrity may be due to 

mechanical factors, immune react ion or loss of cellular renewal capacity [ 11] . The loss of 

tumour suppressor cont rol on the epithelial cells facing these interrupted MECs has been 

supported through the analysis of the genet ic and I HC features of cell clusters overly ing 

focally disrupted MECs [ 9, 11] .  
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Tum our suppressor funct ion 

MECs have natural tumour suppressor funct ions, including maintenance of the BM and 

epithelial cell polarity [ 14]  and express several tumour suppressor proteins such as p63, 

p73, 14-3-3 sigma, Maspin, WT1, and lam inin 1. MECs also exhibit  many other ant i-

tumourigenic propert ies, such as inhibit ion of the growth of breast  cancer cells by 

inducing a G2/ M cell cycle arrest , inhibit ing tumour cell invasion, and lowering 

angiogenesis by paracrine cont rol [ 15, 16] . Evolving experimental evidence indicates 

that  their tumour-suppressive phenotype may part ly be achieved by secret ing protease 

inhibitors and downregulat ing mat r ix metalloproteinases [ 4] . MECs also express several 

ECM st ructural proteins and accumulate ECM rather than degrade it  [ 17] . MECs 

part icipate in BM product ion by expression and deposit ion of fibronect in, collagen I V and 

lam inins. They also have BM receptors, including integrins, which mediate cell–BM 

at tachment  and occasionally cell–to-cell interact ions [ 18] .  

 

At  the molecular level, it  has been shown that  DCI S-associated MECs have molecular, 

genet ic, and epigenet ic differences from MECs in normal breast  t issue [ 19, 20] . These 

changes include downregulat ion of genes that  cont rol normal MEC funct ions and 

upregulat ion of genes for chemokines that  enhance epithelial cell proliferat ion, 

m igrat ion, and invasion [ 21, 22] . Allinen and colleagues exam ined the m icroenvironment  

of normal and cancerous breast  t issue and found that  MECs in associat ion with DCI S 

lesions exhibited the most  abundant  gene expression changes of all the 

m icroenvironmental cell types [ 20] , although the predict ive and funct ional relevance of 

these changes per se are not  certain. Other authors have ident ified specific differences in 

gene expression between normal and DCI S-associated MECs such as increased lysyl 

oxidase (LOX)  [ 23]  and neuropillin 1 [ 24] .  

 

I t  has been noted that  the sensit iv ity of some MEC markers is lower in DCI S-associated 

MECs than in normal MECs, and this observat ion should be taken into considerat ion 

when select ing MEC markers to dist inguish in situ from  I BC [ 21] . A summary of 

biomarkers used to visualise MECs in rout ine diagnost ic pract ice are included in Table 1. 

Calponin, for instance, is an integral component  of α-smooth muscle act in (SMA) and its 

down- regulat ion is consistent  with comprom ised MECs. Maspin, which is one of the most  

important  tumour suppressors secreted by MECs [ 25] , is secreted in large quant it ies by 

the normal MECs, while DCI S-associated MECs do not  secrete it  [ 26] . MECs secret  

lam inin 1, which is a major component  of the BM st ructure and plays a crucial role in the 

polar ity of epithelial cells within the ducts. MECs associated with DCI S show deficient  

lam inin 1 deposit ion and hence loss of cellular polar ity and different iat ion facilitat ing 
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tumour invasion [ 12, 27] . MECs surrounding malignant  cells also express elevated 

integrin αvβ6,  which has been shown to promote tumour proliferat ion and invasion [ 28] .  

 

MECs isolated from DCI S have been reported to show gene expression and epigenet ic 

changes when compared to MECs isolated from normal breast  t issue [ 19, 20]  but  no 

study has been able to demonst rate significant  differences between MEC marker 

expression in DCI S with or without  associated invasive carcinom a. Exploring such 

differences is clear ly clinically important  due to their potent ial as biom arkers of invasive 

progression. 

Observed effects of lack of MECs on epithelia l proliferat ive breast  lesions 

Despite the documented role of MECs in the progression of DCI S to invasive disease and 

the applicat ion of MEC I HC marker by pathologists to different iate in situ from  invasive 

tumours in rout ine pract ice, well known except ions exist  and potent ially challenge this 

dogma, which if not  recognised can potent ially lead to incorrect  classificat ion of a 

condit ion as an invasive carcinoma. The biologically unexplained phenomenon of the 

absence of peripheral MEC in lesions convent ionally regarded as non- invasive, or even 

non-neoplast ic, is uncommonly observed in breast  histopathology. Microglandular 

adenosis (MGA)  and the rare ent ity of so called “ infilt rat ing epitheliosis”  are two 

examples of non-malignant  breast  lesions that  lack peripheral MECs [ 29-32] .  

 

MGA shows infilt rat ing single- layer glands surrounded by a dist inct  well-developed layer 

of BM but  lack a MEC layer. Cells of MGA show an imm unophenotype that  is different  

from hyperplast ic epithelial cells in other breast  lesions;  they lack oest rogen receptor 

expression and show diffuse nuclear staining of S100 protein. Shared clonal dr iver 

mutat ions between uncommon cases with MGA and synchronous invasive carcinoma, 

suggest ive of a precursor relat ionship, have been reported [ 33, 34] . Although atypia and 

carcinoma can arise from MGA, no metastasis has been reported in cases of pure MGA, 

which is the unequivocal hallm ark, and key clinical relevance, of invasive disease. 

However, the absence of per ipheral MECs poses a diagnost ic challenge when the 

proliferat ing cells also show cytonuclear atypia and it  can be ext remely difficult  to 

different iate atypical MGA from invasive carcinoma. I n addit ion, the infilt rat ive nature 

and morphology of MGA suggests that  it s BM is produced by the proliferat ing cells, 

rather than being a nat ive BM. 

 

I nfilt rat ing epitheliosis is another example of a benign epithelial lesion that  shows an 

infilt rat ive growth pat tern with focal absence of MECs. This lesion, or iginally described by 

Azzopardi, is described using his original cr iter ia as a lesion that  m im ics carcinoma [ 35] . 

I t  is considered to be related to radial scar/ complex sclerosing lesions [ 35]  and 
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somet imes with sclerosed papillary lesions [ 36] . MECs are mainly lost  at  the periphery of 

an infilt rat ive epitheliosis lesion with frequent  preservat ion at  the epithelial-st roma 

interface in the cent re. I nterest ingly, MECs may be demonst rated in the proximal part  of 

a duct  but  completely absent  at  the distal part  where the infilt rat ive pat tern becomes 

more obvious. Unlike MGA, in infilt rat ing epitheliosis there is no evidence of a thickened 

BM around areas lacking MECs.  

 

A recent  study has argued that  infilt rat ing epitheliosis is neoplast ic rather than 

hyperplast ic, based on the frequent  presence of PI K3CA mutat ions [ 32] . This study also 

ident ified shared clonal mutat ions in a case of infilt rat ing epitheliosis with synchronous 

m icropapillary DCI S and adenosquamous carcinoma, again suggest ing possible precursor 

status. Given that  loss of MECs has been reported in around 20%  of complex sclerosing 

lesions/ radial scars, and these have a r isk of breast  cancer of only 1.5-2x above the 

general populat ion, the frequency of such progression is likely to be rare (and current ly 

unknown) .  

 

The inabilit y to ident ify MECs using t radit ional markers in the context  of complex 

sclerosing lesions may indicate phenotypic alterat ions in the MECs and a complex 

interact ion between the proliferat ing epithelial cells and MECs rather than their  

mechanical disappearance in such cases. I n addit ion, a lack of MECs in epithelial 

displacem ent / seeding after needling procedures, such as fine needle aspirat ion cytology, 

core biopsy or localisat ion/ guidewire wire insert ion, can be seen in associat ion with both 

benign and malignant  lesions and is not  used as a cr iter ia for the diagnosis of invasion, 

albeit  that  it s clinical significance is somewhat  unclear [ 37] . 

 

I nt raductal papilloma is a benign ent ity typically showing an intact  layer of MECs at  the 

epithelial-st roma interface [ 38] . However, a focal loss of MECs as demonst rated 

immunohistochem ically can be seen, part icularly in areas showing epithelial hyperplasia 

or when the proliferat ing epithelial cells show prom inent  apocrine different iat ion [ 39, 

40] . I nfilt rat ive syringomatous tumour of the nipple is another cont roversial benign 

lesion characterised by lack of peripheral MECs together with an infilt rat ive growth 

pat tern of glands and tubules m im icking tubular carcinom a or low grade adenosquamous 

carcinoma [ 41] . However, I HC in this set t ing often highlights an outer layer of MECs 

around the tubules in this lesion, which could be interpreted as retent ion of MECs and 

hence the non- invasive nature of the lesion.  Other rare examples of benign breast  

lesions featuring loss of peripheral MECs exist . We and others have observed this 

phenomenon in rare cases of fibroadenoma that  lacked MECs focally at  the 

epithelial/ st roma interface.  
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Some apocrine lesions without  MECs may be seen, as described by Cserni who noted 

that  lack of MECs in apocrine glands of the breast  does not  necessarily imply malignancy 

[ 42] . He described some benign apocrine papillary lesions of the breast  lacking, or 

vir tually lacking, MECs, a potent ial pit fall that  should not  be diagnosed as malignancy 

[ 40] . Five cases of encapsulated apocrine papillary carcinoma of the breast  were 

described by Seal et  al.  [ 43] , with key histological features sim ilar to those of classical 

encapsulated papillary carcinoma (EPC) including an absence of MECs both within the 

papillary st ructures and at  the periphery. Cases were of pure apocrine appearance 

cytologically with variable degrees of atypia and m itot ic act ivity. All lacked evidence of 

t rue invasion of t issue outside of the lesion and all had an indolent  behaviour. 

 

This collect ion of benign breast  lesions indicates that  the absence of MECs does not  

automat ically indicate malignancy and/ or invasion but  their absence is somet imes 

associated with an infilt rat ive growth pat tern. This phenomenon may represent  

molecular changes in the proliferat ing epithelial cells that  dr ive alterat ion, at tenuat ion 

and/ or at rophy result ing in disappearance of peripheral MECs of classical 

immunophenotype along with the appearance of focal infilt rat ion of the adjacent  st roma, 

but  such changes are st ill not  sufficient  for designat ion as a fully malignant  invasive 

phenotype. 

 

EPC lacks peripheral MECs in approximately 80%  of cases however;  their behaviour is 

sufficient ly indolent  that  it  is widely considered as a lesion equivalent  to in situ disease 

[ 44, 45] . Pure EPC does not  show a convent ional infilt rat ive pat tern of the st roma 

characterist ic of I BC, indicat ing that  the absence of MECs in these tumours per se does 

not  dr ive the usual pat tern of invasion seen in I BC. Solid papillary carcinoma (SPC)  is 

another example of a malignant  papillary lesion that  may lack peripheral MECs but  

behaves in an indolent  fashion sim ilar to DCI S [ 46, 47] . Thus, the absence of MECs does 

not  by itself imply that  the lesion has acquired an invasive behaviour akin to 

convent ional I BC even if it  has acquired the in situ carcinoma characterist ics of hyper-

proliferat ion and cellular atypia [ 48] .  

 

Another except ion to the role of peripheral MECs in prevent ing invasion in in situ breast  

lesions ( i.e. DCI S)  is Paget ’s disease [ 49] . I n Paget ’s disease, the malignant  mammary 

epithelial cells escape their nat ive environm ent  and the confinement  of the peripheral 

MECs and BM and infilt rate and populate the epiderm is of the nipple adjacent  to the 

involved m ammary duct  opening. Despite an absence of MECs and the nat ive ducto-

lobular BM, they remain confined to the epiderm is and the majority do not  invade the 
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underlying derm is or st romal t issue. This pat tern indicates that  MECs and nat ive BM of 

the ducto- lobular system are not  the only barr ier to invasion in DCI S and implies that  

some as yet  unknown tumour int r insic factors are required for the progression from in 

situ to invasion. I n addit ion, the surrounding st romal environment  (st romal fibroblasts, 

immune cells and associated vasculature)  could lim it  neoplast ic cell spread. 

Basem ent  m em brane and its role in the invasion process 

The BM surrounding breast  ducts is an essent ial barr ier, formed mainly of collagen type 

I V and lam inin 1 along with some proteoglycans [ 50] . This layer is deposited by 

epithelial,  myoepithelial and st romal cells and plays key roles in homeostasis of normal 

architecture and physiology [ 50, 51] . I t  must  be remembered and emphasised that  the 

fundamental and original definit ion of invasive carcinoma is based on penet rat ion 

through the BM and establishment  of growth within the st roma and not  loss of MECs 

[ 52] . So, is the BM a rate- lim it ing barr ier for invasion? BMs are conceived to form  a 

protect ive hurdle against  pr imary infilt rat ion of the surrounding st roma by malignant  

epithelial cells, and invasion of the BM has been reported as sufficient  for breast  cancer 

cells to develop a stable metastat ic phenotype [ 53] .  

 

Although focal disrupt ions in the MEC layer can be observed in DCI S, the surrounding BM 

is typically intact  and cont inuous and can be used to indicate the in situ nature of the 

lesion [ 9] . However, in the clinical set t ing it  is often not  simple;  different iat ing nat ive BM 

surrounding the ducto- lobular system from react ive BM around some invasive lesions 

may be problemat ic. EPC shows a peripheral thick capsule/ thickened BM- like st ructure 

which was interpreted as an evidence of the in situ nature of these tumours [ 54] . 

However, sim ilar capsule/ BM- like st ructure can be seen in other st ructures outside the 

breast  suggest ing that  this is a react ive process rather than an expansion of the 

surrounding nat ive BM material [ 55] . Conversely, BM- like st ructures have also been 

observed around invasive tumours even at  distant  metastat ic sites [ 56-58]  and may be 

part icularly conspicuous in some special variants of invasive carcinoma such as adenoid 

cyst ic carcinoma. Other invasive lesions, such as squamous cell carcinoma, show BM 

surrounding the invasive tumour nests [ 59] . Finally, some breast  carcinomas show 

DCI S- like st ructures in the lymph nodes ( revertant  DCI S [ 60] ) , typically surrounded by 

BM- like m aterial. BM- like st ructures are also present  in benign lesions such as 

collagenous spherulosis. I n these the material has been found histochem ically and 

immunohistochem ically to be BM- like, consist ing of type IV collagen [ 61] .  

 

Overall,  these findings raise quest ions in breast  histopathology about  what  definit ion of 

invasion can be used reliably in rout ine pract ice, taking into account  the significant  

management  implicat ions of in situ versus invasive diagnosis. Given the subject ive 
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nature of interpretat ion of BM material staining, a panel of MEC markers is regarded as 

the gold standard for assessment  of invasion in breast  pathology. However, while the 

presence of MECs, as shown by IHC, has an excellent  negat ive predict ive value for 

invasion, their absence does not  always indicate invasive (and thus metastat ic)  capacity 

of a lesion.  

 

I n conclusion, the role of MECs and the BM in tumour progression is under- recognised. 

However, much remains to be clar ified about  the molecular mechanisms and 

physiological roles of MECs in tumour invasion and metastasis. Further research may 

lead to the development  of novel approaches for the prevent ion and t reatment  of breast  

cancer. This is of part icular relevance for pre- invasive breast  lesions such as DCI S, 

where MECs and BM may conceivably be useful targets for the prevent ion of invasive 

disease. At  the present  t ime, however, pathologists should be aware of the pit falls of 

cr iter ia used in rout ine pract ice to dist inguish in situ from  invasive disease. Although it  is 

convenient , and often useful, to use ident ificat ion of loss of MECs by I HC as a surrogate 

marker of invasion it  must  be remembered that  such observat ions do not  per se indicate 

that  the BM has been breached and this alone remains the key definit ion of, and 

requirement  for, invasion.  We advise caut ion in interpretat ion of MEC features in breast  

pathology and m indfulness of the substant ive evidence base in the literature associated 

with behaviour and clinical outcome of lesions classified as benign on convent ional 

morphological exam inat ion before changing classificat ion of a lesion to an invasive on 

the sole basis of MEC characterist ics. 
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Table 1 : Immunohistochem ical markers used for detect ion of myoepithelial cells and 

basement  membrane in breast  pathology 

MECs Markers Sensitivity Specificity Localisation Comments  

Smooth muscle 

actin (SMA)  

High Low Cytoplasmic Any cell with substantial expression of actin 

is positive for SMA (myofibroblasts and 

blood vessels). 

Smooth muscle 

myosin heavy 

chain (SMMHC)  

Good Good Cytoplasmic Less sensitive than SMA, but more specific 

and easy to interpret. 

P63 High High Nuclear Focal gaps in staining in MEC layer. 

Around 5-10% of invasive tumours, 

particularly high-grade, metaplastic and 

salivary-like carcinomas, express p63. 

Calponin  High Low Cytoplasmic Present in a subset of myofibroblasts and 

smooth muscle in blood vessels. 

H-caldesmon  Good Good Cytoplasmic MEC around ducts and lobules may not 

express H-caldesmon. 

Maspin Good Good Cytoplasmic, 

Nuclear 

Some invasive carcinomas have been 

reported as showing maspin expression. 

CD10 Good Good Cytoplasmic Rarely expressed in the tumour cells of 

invasive carcinomas and in some sarcomas. 

Less sensitive than SMA. 

Basal CKs (CK5/6, 

CK14, CK17) 

Low Low Cytoplasmic, 

Membranous 

Low sensitivity and specificity. 

Positive in carcinomas, particularly high 

grade lesions. 

p-cadherin  Good Good Cytoplasmic  No cross reactivity with other stromal cells 

and 20-40% of invasive carcinoma may show 

positivity. 

p-75  Good Low Cytoplasmic, 

Membranous 

Expressed in blood vessels, nerves, and 

epithelial/luminal cells in usual epithelial 

hyperplasia and also expressed in 5% of 

invasive carcinomas. 

S100 Low Low Cytoplasmic, 

Nuclear 

May be positive in epithelial cells and 

invasive carcinomas. 

Other MEC 

markers 

   CD109, caveolin 1, podoplanin, maspin, 

nestin, alpha 1-integrin, and 14-3-3 sigma 

(stratifin). 
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Basement Membrane Markers 

Laminin  Good Good Cytoplasmic May be difficult to interpret due to 

background stromal staining but comparison 

with normal parenchyma may help. 

Collagen IV  Good Good Cytoplasmic Similar to laminin. 

 

To demonst rate myoepithelial cells (MECs) , a panel-based approach of 2 or more 

immunohistochem ical markers is recommended. Many departments therefore use, for 

example, SMM and p63 in order to avoid false negat ive results in different iat ing in situ 

from  invasive lesions. Aberrant  expression of MEC markers is seen in salivary gland- like 

and skin adnexal- like tumours of the breast , adenomyoepithelioma and metaplast ic 

mammary carcinomas. 

 

Table 2  Non- m alignant  condit ions associated w ith lack of m yoepithelia l cells 

( MEC)  and/ or basem ent  m em brane ( BM)  

Lesion MEC BM I nfilt rat ive Precursor to I BC Risk of I BC 

Microglandular adenosis Absent  Present  Yes Yes Unknown 

I nfilt rat ing epitheliosis Focally 

absent  

Absent  Yes Unknown Rare 

Radial scar/ complex 

sclerosing lesion 

Absent  

in 20%  

Present  No No 1.5-2x 

I nt raductal papilloma Focally 

absent  

Present  No I f epithelial 

atypia is present   

2-3x 

I nfilt rat ive 

syringomatous tumour 

of the nipple 

Absent  No Yes Unknown Unknown 

Fibroadenoma Rarely 

absent  

Present  No No No 

Benign apocrine, 

including papillary foci 

Absent  Present  No No No 

Encapsulated apocrine 

papillary carcinoma 

Absent  Present

/ pseud

ocapsul

e 

No Yes Higher 

than DCI S  

Encapsulated papillary 

carcinomas 

Absent  in 

80%  

Present /

pseudoc

apsule 

No No Higher than 

DCI S 
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Paget ’s disease Absent  Absent  Yes Yes Unknown 

 

 

 

 

Figure Legends 

 

Figure 1 :  Schemat ic representat ion of normal breast  term inal duct  (A)  and ductal 

carcinoma in situ with focus of early invasion (B) . Normal ducts (A)  present  with 

cont inuous myoepithelial cell (MEC)  layer (b)  and surrounding cont inuous well-defined 

basement  membrane (a) . Although MECs surround both normal ducts and malignant  in 

situ lesions, MECs surrounding DCI S show some morphological differences and lose the 

power to polar ize epithelial cells. Changes in MEC layer cont inuity m ight  be related to 

mechanical factors, immune react ion, loss of cellular renewal capacity or exogenous 

chem ical influence. St romal invasion and progression to invasive disease (c)  starts with 

breaching, or absence, of MEC layer and basement  membrane barr iers between the 

malignant  epithelial cells and surrounding st roma. Changes in the interact ion between 

malignant  epithelial cells and st romal m icroenvironment , including the ext racellular 

mat r ix, fibroblasts and immune cells, are believed to also play a role in invasion. 
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