
Rom J Morphol Embryol 2015, 56(4):1371–1381 

ISSN (print) 1220–0522      ISSN (on-line) 2066–8279 

OORRIIGGIINNAALL  PPAAPPEERR  

Particular molecular and ultrastructural aspects in invasive 
mammary carcinoma 

CORINA ELENA MIHALCEA1), ANA-MARIA MOROŞANU2), DANIELA MURĂRAŞU1), LILIANA PUIU1),  
SABIN CINCA1), SILVIU CRISTIAN VOINEA1), NICOLAE MIRANCEA2) 

1)“Prof. Dr. Alexandru Trestioreanu” Oncological Institute, Bucharest, Romania 
2)Institute of Biology Bucharest of Romanian Academy 

Abstract 
Electron microscopic investigations of invasive mammary carcinoma tumors revealed that intercellular junctions, namely desmosomes are 
severely altered; some desmosomes became internalized. Tumor cells, especially by their invadopodia, generate and disseminate membrane 
vesicles, including exosomes, inside of peritumoral stroma. Telocytes, a new described interstitial/stromal cell phenotype, considered to play 
important roles in cell signaling, exhibited a reduced number of hetero-cellular contacts, which suggests a possible perturbation of tissular 
homeostasis modulation. Signaling PIK3/Akt pathway plays an important role both in carcinogenesis and in proliferation, differentiation, and cell 
survival. Alteration of this pathway has been observed in many human cancers, often involving an increase in the activity of PIK3CA, p110α 
catalytic subunit of PI3K. Our study confirms the high prevalence of PIK3CA mutations in breast cancer. In accordance with the results of 
the largest previous studies, 87.5% of mutations detected by DNA direct sequencing were hot spot mutations, most of them located in the 
kinase domain. High percentage of mutations detected by high-resolution melting makes the assay an attractive choice for mutation scanning, 
especially, in samples with low percentage of tumor cell. 
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 Introduction 

Breast cancer (malignant breast neoplasm) is a disease 
of mammals, human being mostly affected. Women breast 
cancer is 100 times more common than breast cancer in 
man. Breast cancer is the most common form of cancer 
among women in Europe, USA and Canada. Distal meta-
stasis of highly invasive breast cancer cells represents the 
major cause of death in the women with breast cancer [1]. 
Despite early detection methods and advanced conven-
tional treatments, still there is a high rate of mortality. 
About 400 000 people worldwide are killed annually by 
breast cancer. 

In case of normal human breast, the mammary tissue is 
represented by (1) epithelia organized as ducts, ductules 
and lobules and (2) stroma represented by connective 
tissue (mostly fibroblasts), including adipose tissue as 
mammary fat pad as well other resident and transitory 
cell types. Cancers originating from lobules are known 
as lobular carcinoma, while those originating from ducts 
are termed as ductal carcinomas. Most breast cancers are 
ductal carcinomas: (1) ductal carcinoma in situ (DCIS), 
also known as intraductal carcinoma, and (2) the more 
aggressive invasive ductal carcinoma, which has the 
potential to undergo metastasis. There are few treatment 
options: (a) surgical removal of the tumor and associated 
tumor tissue, (b) surgical removal of the whole breast 
(mastectomy), (c) chemotherapy, (d) chemo-radiotherapy, 
(e) hormone therapy. Both lobular and ductal epithelia can 
be involved in breast cancer initiation and development, 
including secondary formation (metastasis). 

Like other cancer types, breast cancer occurs because 
of the permanent alterations in some genes of an individual 

or a group of cells. Gene mutations can be inborn or 
acquired along the time [2]. The most frequent genetic 
alterations in breast cancer involved BRCA1 and BRCA2 
genes but also tumor suppressor gene PTEN loss and 
PIK3CA mutations occur [3]. 

PIK3CA gene is located in chromosomal region 3q25-
27 and is composed of 20 exons coding for the p110α 
catalytic subunit of PI3K. According to some studies, this 
gene is mutated in different cancers such as glioblastoma, 
gastric cancer, hepatocellular carcinoma, endometrial, etc. 
[4]. In breast carcinomas, PIK3CA mutations occur with 
a frequency in a range from 16.4% to 45% [4–6]. PIK3CA 
mutations are found mainly in regions of exon 9 (helical 
domain) and exon 20 (kinase domain). The most common 
missense mutations of this gene results in the replacement 
of amino acid residues E542, and E545 with lysine in the 
helical domain and H1047 with arginine in kinase domain. 
It is noted that these mutations lead to an increased activity 
of PI3K [7, 8]. In primary breast tumors, mutations in 
the PIK3CA gene have been associated with lymph node 
metastasis, the presence of estrogen and progesterone 
receptor and overexpression of HER2 gene [3, 9]. Somatic 
mutations in the PIK3CA are associated with poor response 
to lapatinib and trastuzumab therapy, as well as the 
inactivation of PTEN in the cancers with HER2 gene 
overexpressing [10, 11]. 

PIK3CA is a component of PI3K heterodimer consis-
ting in two subunits: a regulatory subunit (p85) of 85 kDa 
and a catalytic subunit of 110 kDa. PI3K converts phos-
phatidylinositol-4,5-bisphosphate (PP2) to phosphatidyl-
inositol-3,4,5-trisfosfat (PP3) on the inside of the cell 
membrane. Phosphatidylinositol-3-kinases (PI3K) are a 
group of lipid kinases that plays a role in regulation of 
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cell signaling pathways involved in proliferation, adhesion, 
survival, cell motility and neoplasia [12, 13]. 

PI3K is a major signal in PIK3/Akt pathway, located 
downstream of the epidermal growth factor receptor 
(HER2), and from others tyrosine kinases receptors. 
Molecular alterations in the signaling pathway occur in 
30% of invasive breast tumors. PI3K activates AKT, SGK, 
PDK1 and several molecules involved in cell cycle 
progression and survival. PI3K/AKT pathway hyperacti-
vation is generated by several mechanisms: PIK3CA gene 
mutations, AKT1 mutations, amplifications AKT2 or loss 
of PTEN phosphatase activity [14]. 

In the ER-positive breast tumors, activation of PI3K 
confers resistance to radiotherapy, anti-estrogen and anti-
HER2 therapy. Studies concerning anti-ER and anti-
HER2 therapy resistance showed drug resistance could 
be overcome by pharmacological inhibition of signaling 
pathway PIK3/AKT. It has also been shown that combi-
nation of anti-HER2 or anti-ER drugs and inhibitors of 
PI3K/AKT pathway may be effective strategy in the mana-
gement of breast cancer HER2+ and ER+ when standard 
therapies did not achieve satisfactory results [15]. 

Establishing the diagnosis and appropriate therapeutic 
protocol in breast carcinoma involves extensive knowledge 
of ultrastructural and genetic characteristics of the tumor 
cell. In this study, we used electron microscopy techniques 
and mutation analysis methods for PIK3CA gene in order 
to characterize invasive breast carcinomas. 

 Materials and Methods 

Normal and tumor tissue samples (21 pairs) were 
obtained from patients suffering from mammary carci-
noma and surgically treated at the Department of Surgery, 
“Prof. Dr. Alexandru Trestioreanu” Oncological Institute, 
Bucharest, Romania. Informed consent was obtained from 
all patients enrolled. Human breast cancer cell lines were 
used as positive and negative controls in mutational studies. 
MCF7 (heterozygous for exon 9 E545K mutation), T47D 
(heterozygous for exon 20 H1047R mutation) and SKBR3 
(wild type) cell lines were kindly donated by Dr. Irina 
Lorelei Braşoveanu (“Victor Babeş” National Institute for 
Research and Development in Pathology and Biomedical 
Sciences, Bucharest). 

Genomic DNA was extracted from fresh tissues and 
breast cancer cell lines using the QIAamp DNA Mini kit 
(Qiagen). DNA concentration and purity were evaluated 
and measured spectrophotometrically by reading the 
absorbance at 260 and 280 nm using the NanoDrop ND 
1000 (NanoDrop Technologies). 

Transmission electron microscopic (TEM) 
investigations 

In order to perform transmission electron microscopic 
investigations, small tissue fragments about 2–3 mm3 from 
seven mammary tumors resulted by surgery as curative 
therapy from the patients suffering from mammary carci-
noma (surgeon obtained consent from all patients) were 
processed following the routine TEM protocol [16]. 
Semithin sections were stained with 1% toluidine blue 
for light microscopy. Ultrathin sections were cut using a 
diamond knife and collected on 200 mesh grids and double 
counterstained with uranyl acetate and subsequently lead 
citrate. The grids were examined by a transmission electron 

microscope JEOL JEM-1400 operated at an acceleration 
voltage of 80kV. 

High-resolution melting (HRM) assay 

Polymerase chain reaction (PCR) amplifications and 
HRM analysis were performed in a LightCycler 480 real-
time PCR system (Roche Romania) with a 96-well plate. 
PCR assays were carried out in 20 μL reaction volume 
containing: 30 ng of genomic DNA, 10 μL Master Mix, 
2× concentrated, including ResoLight high-resolution 
melting dye, 3.5 mM MgCl2, 250 nM of each primer, 
and PCR grade water. Primer pairs for PIK3CA exons 1, 
9 and 20 were previously described [17, 18]. The PCR 
amplification started with a single enzyme activation 
step at 950C for 10 s, followed by a 45 cycle program 
[denaturation at 950C for 10 s, a touchdown of 650C to 
570C (for exons 1 and 20) and, of 650C to 590C (for 
exon 9) for 15 s, elongation at 720C for 15 s with a single 
acquisition mode]. The PCR amplification was followed 
by a melting program consisting of: denaturation at 950C 
for one minute, renaturation at 400C for one minute and 
subsequent melting with continuous fluorescence measu-
rement from 600C to 900C at the rate of 25 acquisitions/0C. 
HRM data were analyzed using Gene-Scanning Software 
ver. 1.0 (Roche Romania). Wild type and mutant samples 
were identified according to the normalized temperature-
shifted differential plot. All samples were tested in duplicate 
and control samples of MCF7, T47D and SKBR3 DNA 
were included in each HRM run. The sensitivity test was 
performed by diluting mutated DNA with wild-type DNA 
in order to obtain a mutant to wild-type allelic ratio of 
25%, 12.5%, 6.2%, 3.1% and 1.5%, respectively. 

DNA sequencing 

To confirm HRM assay results, all identified samples 
were subjected to direct bidirectional Sanger sequence 
analysis. Each sample was amplified using M13-tagged 
primers. PCR primer pairs (5’-tgtaaaacgacggccagtGGG 
AAAATGACAAAGAACAGC-3’ and 5’-caggaaacagctat 
gaccTCCATTTTAGCACTTACCTGTGAC-3’) and (5’-
tgtaaaacgacggccagtCTGAGCAAGAGGCTTTGGAG-3’ 
and 5’-caggaaacagctatgaccCCTATGCAATCGGTCTTT 
GC-3’) with M13 tails (lower case letters) were used 
respectively to amplify exons 9 and 20 of the KRAS 
gene. The length of the amplicons, including the M13 
tails, is of 166 bp and 238 bp, respectively. 

PCR was performed in a 25 μL reaction volume 
containing: 50 ng of genomic DNA, 200 nM forward and 
200 nM reverse primers; 0.2 mM dNTPs (each); 2.0 mM 
MgCl2; 1× PCR buffer; and 1.0 U HotStarTaq DNA 
polymerase (Qiagen). Reactions were cycled on a Eppendorf 
Mastercycler Gradient under the following conditions: 
one cycle at 960C for 15 minutes; 30 cycles at 940C for 
30 s, 580C for 30 s, and 720C for 45 s; and a final 
extension step at 720C for 10 minutes. Amplified products 
were visualized on a 2% agarose gel. In order to remove 
unincorporated primers and dNTPs, 5 μL of PCR products 
were treated with 2 μL ExoSAP-IT enzyme (USB Corpo-
ration, Cleveland, OH, USA) according to manufacturer’s 
instructions. 

For sequencing reaction, 1 μL of purified PCR 
amplification products were used with 4.0 μL BigDye 
Terminator v3.1 Cycle Sequencing Kit (Applied Bio-
systems) and 3.2 pmol/μL M13 forward or reverse 
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primer, in a 10 μL final volume. Cycle sequencing was 
performed on a Veriti 96-well Thermal Cycler (Applied 
Biosystems) under the following conditions: heat activa-
tion at 960C for one minute followed by 25 cycles of 
960C for 10 s, 500C for 5 s and 600C for 2 minute. Cycle 
Sequencing reactions were cleaned up using BigDye 
Terminator purification kit (Applied Biosystems). Purified 
sequencing products were resolved by capillary electro-
phoresis on an Applied Biosystems 3500 Genetic Analyzer 
with POP-7 polymer and a 50 cm array length. Sequences 
were aligned to a reference sequence using Variant 
Reporter Software v1.1 (Applied Biosystems). 

 Results 

Ultrastructural analysis 

In case of normal human breast, the mammary tissue 
is represented by (1) epithelia organized as ducts, ductules 
and lobules and (2) stroma represented by connective 
tissue (mostly fibroblasts), including adipose tissue as 
mammary fat pad. Histological examination of normal 
human mammary gland shows that mammary ducts and 
ductules are composed of epithelial arranged in one single 
uninterrupted layer facing a lumen, which by their basal 
pole become in contact with myoepithelial cells or direct 
with the basal lamina. The apical pole of epithelial cells 
facing the lumen exhibits microvilli. Near the lumen, 
adjacent epithelial cells exhibit reminiscent of junctional 
complexes. Desmosomal junctions are irregularly distri-
buted. Ultrastructurally, the nuclei of epithelial cells have 
a regular shape (contour). Their chromatin is evenly dis-
tributed. Normal as size and infrastructure, nucleoli are 
embedded in nuclear chromatin. 

Inside of normal epithelial cell cytoplasm, few profiles 
of rough endoplasmic reticulum, few mitochondria, scattered 
free ribosomes and rare dictiosomal elements of Golgi 
apparatus can be seen. Concerning the cytoskeleton, fine 
filaments are perinuclear distributed or reach the inner 
plaque of desmosomal junctions. Sometimes, vacuoles 
of different size and osmiophilic vesicles can be seen. 
Moreover, pinocytotic vesicles can be detected along 
the plasma membrane facing the basal lamina and inter-
cellular spaces. 

The above-described general picture concerning normal 
histoarhitecture of the human mammary gland was dra-
matically changed when the tumoral mammary tissue were 
electron microscopic investigated. Neoplastic cells exhibit 
a high nucleus/cytoplasm ratio. Euchromatin is predomi-
nantly; heterochromatin is mostly attached to the inner 
membrane of the nuclear envelope (Figure 1). Desmosomal 
junctions are rare, almost missing, but interdigitating 
junctions are detectable. Some desmosomes are internalized 
(Figure 2). Often, intracellular lumens exhibiting micro-
villi can be seen (Figure 3). Some nuclei have large nucleoli. 
As many desmosomes are impaired, remnants of a desmo-
somal plaque can be detected (Figure 4). Moreover, for 
long profile at the presumptive cell–cell contact between 
the tumor cells, no specialized cell–cell junction can be 
detected. Particularly, very long white crystalline rod can 
be seen near the nucleus of a tumor cell. Three centriols 
can be counted inside the cytoplasm (Figure 5). Tumor 
invadopodia penetrate deeply inside of the peritumoral 
stroma. Shedding membrane vesicles produced by tumor 
cells can be delivered into tumor stroma (Figures 6 and 7). 

Endothelial wall of the blood microvasculature represented 
by endothelial cells exhibiting prominent nuclei towards 
the capillary lumen are interconnected by tight junctions. 
Often, pericytes are missing. Apart from the usual base-
ment membrane around the endothelial wall, redundant 
basement membranes and a lot of amorphous material can 
be seen (Figure 8). Sometimes, fenestrated blood vessel 
can be detected inside of the mammary carcinoma tumor 
(Figure 9). When present, pericytes appear to be partial 
detached from the endothelial wall by redundant basement 
membranes and the excessive amorphous material. Mention 
must be made that telocytes can be detected in close 
vicinity of blood capillaries but not in direct contact with 
endothelial cells or pericytes (Figure 10). Interestingly, 
invadopodial tumor cell extension may penetrate deeply 
inside of peritumoral stroma and dissociate the pericyte 
from the endothelial wall (Figure 11). 

 
Figure 1 – An overview from a large area of mammary 
tumor carcinoma. Almost all tumor cells have a high 
nucleus/cytoplasm ratio. Euchromatin is predominant 
while heterochromatin is mostly attached to the inner 
membrane of the nuclear envelope. Two small lumens 
are visible (arrows). A red star marks a presumable 
intracellular lumen. Conglomerates of intermedium 
filaments (cIF) can be seen. 

Molecular investigations 

Serial dilutions of MCF7 or T47D genomic DNA in 
wild-type SKBR3 DNA were prepared in order to asses 
HRM sensitivity. The technique allowed the detection of 
3% and 6% of cell line DNA known to harbor PIK3CA 
E545K and H1047R mutations, respectively (Figure 12). 
Aberrant melt profiles were observed in 10 (47.6%) breast 
tumor samples. Three of them suggested the presence of 
mutations in exon 9 (14.3%), and seven in exon 20 (33.3%) 
of the PIK3CA gene. In PIK3CA exon 1, mutations have 
not been detected. Eleven tumor samples were found to 
contain wild-type DNA (52.4%). No difference in the 
melt profiles was observed in normal tissue sample pairs 
comparing with wild-type control (Figure 13). Parallel 
testing by Sanger sequencing confirmed only eight of 10 
samples determined to be positive by the HRM assay. 
For the exons 9 and 20 of the PIK3CA gene, three variants 
we identified, E545K, Q546K, and H1047R (Figure 14). 
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Somatic mutations E545K and Q546K, located within 
helical domain, accounted for 12.5% mutations each, 

meanwhile H1047R mutation within kinase domain was 
detected in 75.0% of mutant tumor samples. 

 

Figure 2 – Few tumor cells with polymorphic and large 
nuclei (N) are tightly apposed each other. Desmosomal 
junctions are rare (elliptic area and yellow dotted circle 
in the left down inset), almost missing, but interdigitating 
junctions (encircled areas in the upper right inset) are 
detectable. An internalized desmosome in red square, 
detailed in the left down inset (arrow) is detectable. 
GA: Golgi apparatus. 

Figure 3 – Hyperplastic mammary tissue represented 
by neoplasic cells exhibits a high N/C ratio. Nuclei (N) 
are prevalently occupied by euchromatin. Some nuclei 
have large nucleoli (nu). Intracellular lumens (i cyt L) 
exhibit microvilli; one of them (i cyt L*) communicates 
with the extracellular space. 

 

Figure 4 – Between two tumor cells C1 and C2 (dotted 
line), there are impaired desmosomes (encircled areas). 
Arrow marks a remnant of a desmosomal plaque. 

Figure 5 – At the presumptive cell–cell contact (dashed 
line) between the tumor cells (C1) and (C2), no specialized 
cell–cell junction can be detected. A very long white 
crystalline rod (arrow) can be seen near the nucleus (N). 
Inset: Three centriols (encircled areas) can be counted 
inside the cytoplasm. 

 

Figure 6 – Inside of the peritumoral stroma (TS), a 
terminal-end of a tumor invadopodium (inv) with 
shedding membrane vesicles (shd V) is visible. Shedding 
membrane vesicles (Sh V) produced by tumor cell (TC) 
are in way to be delivered into tumor stroma (TS). 

Figure 7 – A very thin invadopodia (inv) originated from 
a tumor cell deeply penetrates inside of the tumor stroma 
(TS). Shedding membrane vesicles (black arrows) are 
detectable; one of them (red arrow) is attached to the 
plasma membrane. 
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Figure 8 – Blood vessel inside of the mammary carcinoma showing endothelial cells with prominent nuclei (N) 
interconnected by tight junctions (head arrow). Apart from the usual basement membrane around the endothelial wall 
(white arrow), few other redundant basement membranes (black arrows) and a lot of amorphous material (asterisks) 
can be seen. Lu: Lumen. In inset: A small protrusion (red asterisk) belongs to an endothelial cell (elliptic area). An 
interendothelial junction (head arrow) between two endothelial cells (E1 and E2) can be seen. Arrow marks a patch of 
basement membrane. 

 
Figure 9 – A sector of a blood fenestrated vessel (encircled area) located inside of the mammary carcinoma tumor.  
A continuous basement membrane (head arrows) follows endothelial wall. Lu: Lumen. In inset: A high magnification 
of the capillary fenestration (arrows). Lu: Lumen. 
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Figure 10 – Endothelial cells (EC) have prominent nuclei (N). A pericyte (PC) appears to be partial detached from the 
endothelial wall by redundant basement membranes (red, pink and blue arrows) and an excessive amorphous material 
(asterisk). Characteristic subplasmalemal dense plaques of the inner face of external pericytic plasma membrane (white 
arrows) can be detected (see the detail in inset, where yellow arrows mark the basement membrane associated to the 
pericyte). A telocyte (Tc) can be detected in close vicinity of the blood capillary but not in direct contact with endothelial 
cells or the pericyte. N: Nuclei; nu: Nucleoli; Lu: Lumen. Inter-endothelial junctions (head arrows). Cg: Collagen. 

 
Figure 11 – An invadopodia (inv) belonging to a tumor cell penetrates deeply inside of peritumoral stroma (TS) and 
dissociate the pericyte from the endothelial wall. Head arrow marks the tight junction between two endothelial cells. 
White arrows mark characteristic subplasmalemmal dense plaques of the pericyte. 
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Figure 12 – Sensitivity curves for exon 9 (a) and exon 20 (b), respectively. 

 
Figure 13 – Amplification (a) and dissociation (b) curves for exon 9; amplification (c) and dissociation (d) curves for 
exon 20 of the PIK3CA gene. All amplification curves produced a crossing point of <30 and reached a similar plateau 
height. 

 
Figure 14 – Electroferograms for mutation identified (a) E545[K,E], G>A; (b) Q546[K,Q], G>A; (c) H1047[H,R], 
A>G. 
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 Discussion 

Ultrastructural aspect of tumor cells 

Almost human cancers have an epithelial origin. In 
breast cancer, glandular epithelium as well as myoepi-
thelial cells can be involved. 

Inside of TEM investigated invasive mammary 
carcinoma tumor, neoplastic cells represented by glandular 
epithelium exhibit a high nucleus/cytoplasm ratio. Nuclei 
are polymorphic. Moreover, atypical mitosis is quite 
frequently. Euchromatin is predominantly; heterochromatin 
is mostly attached to the inner membrane of the nuclear 
envelope (Figures 1–3). This is a general aspect of the 
nucleoplasm in case of tumor cells. On consider that 
nuclear organization itself can modulate cellular and tissue 
phenotype. While heterochromatin remains transcriptionally 
silent, euchromatin is considered more easily transcribed 
[2, 19–21]. 

Intracellular lumens with microvilli are frequently 
encountered (Figure 3). Intracellular lumens containing 
microvilli have been described previously, especially, but 
not exclusively, in invasive carcinomas [2]. 

Cell–cell and cell–extracellular matrix relationships 

Internalization of desmosomes 

Normal epithelial cells of mammary gland are polarized 
cells. In order to maintain their polarized status, epithelial 
cells must keep relative stable cell–cell and cell–extra-
cellular matrix relationships. For that, specialized cell 
junctions are developed and must be conserved unaltered 
in their infrastructure and molecular composition. Indeed, 
to maintain 3-D histoarchitecture and communication 
between neighboring cells in epithelia, cell–cell and cell–
extracellular matrix specialized junctional adhesion struc-
tures must be well developed and preserved. Cell–cell 
cohesion is maintained by junctional complex, mainly 
represented by desmosomes. By anchoring desmosomal 
cadherins of adjacent cells to the intermediate filaments 
cytoskeleton, desmosomal junctions contribute to the 
histo-architecture organization and maintenance [22, 23]. 
Examination by transmission electron microscopy and 
immune electron microscopy of desmosome revealed 
that specific infrastructures and molecular components 
are very precisely located as extracellular, transplasma-
lemmal and intracellular domains [2, 24]. Desmosome 
integrity depends on the tightly regulatory mechanisms. 
Alteration of the junctional adhesions may involve more 
or less tissue disorganization and consequently disfunc-
tionalities (just to mention cell depolarization or cell 
migration). In a case of mammary carcinoma, we had 
investigated internalization of some desmosomes can be 
detected as is depicted in Figure 2. Because many desmo-
somes are impaired or are totally missing, quite often 
some tumor cells lost completely their contacts with the 
other neighboring tumor cells. Displacement/disorgani-
zation of desmosomes may follow different ways. One 
of that is internalization of desmosomes. It occurs when 
Ca2+ level is under normal level [25]. Burdett [26] 
demonstrated that internalization of desmosomes and 
their entry into endocytotic pathway via late endosomes 
in MDCK cells may also occur at the normal Ca2+ level. 

Kimura et al. [22] reported that loss of calcium indepen-
dence involves an “inside-out” transmembrane signal 
generated by protein kinase C (PKC). 

Tumor–stroma interactions in breast cancer 

A solid tumor is a very sophisticated system, mostly 
represented by (1) permanent genetic altered cells and 
associated tumor stroma represented by resident or transi-
ently cells (fibroblasts, fibrocytes, endothelial cells and 
pericytes of the capillary, telocytes, inflammatory cells, 
naked or mielinated nerves, myoepithelial cells, etc.) as 
well as extracellular matrix represented by identifiable 
infrastructures (basement membrane, collagen or elastic 
fibers, exosomes, etc.) or soluble molecules (cytokines, 
hormones, growth factors, etc.). In order to maintain their 
viability and to grow uncontrolled, tumor cells need auto-
crine and paracrine support [19, 21]. 

Very often, the basement membrane is missing at  
the tumor–stroma interface. It is well documented that 
basement membrane integrity is a prerequisite for epithelia 
morphogenesis during embryo development. BM regulates 
epithelial–mesenchymal interactions [2]. Epithelial cells 
facing basement membrane maintain their morpho-func-
tional phenotype of polarized cell as long as the adjacent 
basement membrane remains unaltered in their molecular 
composition. Any mutation in their components and infra-
structural alterations of basement membrane lead to wide 
variety of clinical phenotypes (specific diseases), inclu-
ding invasive cell growth in case of cancer [27, 28]. 

Shedding membrane vesicles 

Some tumor cells from invasive mammary carcinoma 
produce and shed membrane vesicles. Such kind of infra-
structures can be detected either close to the body cell or 
delivered by invadopodia (Figures 6 and 7). Extracellular 
vesicles are nano-membranous infrastructures ranging from 
30–2000 nm in diameter that are released from many cell 
types into the extracellular microenvironment. Mention 
must be made that nomenclature, biogenesis and their 
roles are still a matter of debate [29]. Extracellular vesicles, 
especially exosomes contain diverse small molecules as 
proteins, lipids, microRNAs, mRNA and DNA fragments, 
which act as mediators of intercellular communications 
by inducing phenotypic changes in recipient cells [29, 30]. 
Telocytes also may contribute to extracellular vesicles 
deliverance [21, 31, 32]. 

Tumor stroma microvasculature status 

Concerning microvasculature status of investigated 
invasive mammary carcinoma, mention must be made that 
in almost cases, the mainly abnormalities we observed are 
restricted to the fenestration of blood capillary and displa-
cements of the pericytes, either by redundant basement 
membranes, amorphous material or infiltration of tumor 
cell invadopodia between pericytes and endocytes (as is 
depicted in Figures 8, 9 and 11). A mature and stable 
blood capillary requires a presence of a special cell 
phenotype, namely pericyte, around the abluminal face of 
the vessel tube [33]. Endothelial wall fenestrations and 
pericytes displacement or totally absence of pericytes were 
also observed in skin basal and squamous cell carcinoma 
were also reported [21, 34, 35]. 
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Telocytes inside of the tumor stroma 

Nowadays is well documented that mammary stroma 
play a major role in the breast homeostasis. Moreover, a 
body of evidence suggests that genetic mutations can and 
do occur initially inside of breast stroma, so that stroma 
itself become an oncogenic agent and can induce and 
sustain tumorigenicity in adjacent cells [36]. Among the 
well-known resident cell types as tumor-stroma compo-
nents, just to mention fibroblasts, myofibroblasts, endo-
thelial cells, nerves, a new identified cell phenotype termed 
telocyte got a remarkable attention [21, 31, 37]. Telocytes 
were described as interstitial cells in very different normal 
tissues: [31, 37–39]. By their homo- and hetero-cellular 
junctions telocytes may participate in intercellular signaling 
[40], able to modulate tissues homeostasis similar to a 
very primitive nervous system at the cellular level [41]. 
Telocytes seem to be involved in many physiological and 
pathological processes [42]. In all mammary carcinoma 
cases we analyzed in the present study, telocytes of the 
tumor stroma often are identified in the close vicinity of 
some other interstitial cells types (not shown), but rather 
missing the direct contact, as is depicted in Figure 10. In 
a recent published paper, we reported that in basal cell 
carcinoma and squamous cell carcinoma both cutaneous 
cancer, telocytes have a very restraint number of hetero-
cellular junctions [21]. 

Genetic analysis 

Genetic and biochemical evidence has been brought 
forward to demonstrate that activation of PI3K/AKT 
pathway contributes to the appearance and development 
of breast cancer [3, 9]. PIK3CA is one of the key 
molecules involved in PI3K/AKT signaling. Activating 
somatic mutations in PIK3CA gene result in enhanced 
downstream signaling and oncogenic transformation in 
vitro. Hot-spot mutations in kinase and helical domains 
are thought to be early events in breast cancer. 

The prognostic value of PIK3CA mutations in breast 
cancer remains questionable. In a recent study that inclu-
ded 2587 breast tumor specimens from 12 independents 
studies [43], was found a favorable clinical response in 
a subgroup of postmenopausal women with ER positive 
breast cancer and mutations in kinase domain of p110α. 
Regarding the relative prognostic value of PIK3CA 
mutations in each exon in part also remains a question-
able problem. Some researchers have found that mutations 
in exon 9 have a poorer prognosis than mutation in exon 
20 [44], while other researchers have concluded that the 
mutations in the PIK3CA exon 20 would actually those 
with poor prognosis [45, 46]. Regarding to metastasis-
free survival there is no difference between patients with 
mutations in exon 9 compared with those with mutations in 
exon 20 [47]. 

In this study, we used HRM assay and direct DNA 
sequencing to look for mutations in exons 1, 9 and 20 of 
PIK3CA gene in 21 breast cancer patients. HRM assay 
provides a cost-efficient, simple and rapid approach to 
successfully screening tumor samples for somatic muta-
tions. The assay used in our study showed a capability 
to detect as low as 3% and 6% of mutant DNA in the 
presence of wild-type DNA for PIK3CA exons 9 and 20. 
Using HRM assay we were able to detect mutations in 

exons 9 and 20 of the PIK3CA gene in 10 of the total 21 
tumor samples. No mutations were found in normal tissue 
pairs. 

Of the 21 sample pairs analyzed by two methods, 
concordance was of 95.0%. One mutation in exon 9 and 
one in exon 20 could not be confirmed by Sanger sequen-
cing. Two somatic variants were detected by direct sequen-
cing in exon 9 (E545K and Q546K), and one in exon 20 
(H1047R). E545K and H1047R are hot spot mutations 
with a reported frequency of 20% and 55% respectively. 
Q546K is a rare, cancer-specific mutation that accounts for 
less than 1% of total PIK3CA mutations in breast cancers. 
Functional studies suggested that these particular PIK3CA 
mutations lead to increased PI3K activity and induce 
oncogenic transformation in vitro. The discrepancy may 
be explained by reduced sensitivity of DNA direct sequen-
cing in samples with less than 30% tumor content. Signi-
ficant number bioptic tumor tissues are characterized by 
genotypic and cell heterogeneity. A low content of mutant 
cells can lead to falls-negative results in Sanger sequen-
cing. Tumor enrichment by laser microdissection and 
selection of a highly sensitive method employed for 
mutations detection could partially addressed this problem. 
In accord with studies previously published, our results 
showed that HRM assay is more accurate in mutations 
detection comparing with Sanger sequencing. 

 Conclusions 

Electron microscopy investigations revealed that in 
invasive mammary carcinoma intercellular junctions, 
namely desmosomes are severely altered. Tumor cells 
generate and disseminate membrane vesicles, including 
exosomes inside of peritumoral stroma. Hetero-cellular 
contacts of telocytes were reduced, which suggest a 
possible perturbation of tissue homeostasia modulation. 
Our study confirms the high prevalence of PIK3CA 
mutations in breast cancer. In accordance with the results 
of the largest previous studies, 87.5% of mutations detec-
ted by DNA direct sequencing were hot spot mutations, 
most of them located in the kinase domain. High percen-
tage of mutations detected by HRM makes the assay an 
attractive choice for mutation scanning, especially in 
samples with low percentage of tumor cell. 
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