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Abstract

Intermediate filaments (IFs) play a major role in determining and maintaining cell shape  
and anchoring intracellular organelles in place, in the tissues and organs of several species,  
starting from the early stages of development. This study was aimed at the immunohistochemical 
investigation of the presence, cellular localization and temporal distribution of the intermediate 
filaments keratin 8 (CK8), keratin 18 (CK18), keratin 19 (CK19), vimentin, desmin and laminin, 
all of which contribute to the formation of the cytoskeleton in the rat mammary gland during 
pregnancy, lactation and involution. On days 7, 14 and 21 of pregnancy (pregnancy period),  
on day 7 post-delivery (lactation period) and on day 7 post-weaning (involution period), under 
ketamine hydrochloride (Ketalar-Pfizer) (90 mg/kg) anesthesia, two mammary glands were fully 
excised from the abdominal region. It was determined that CK8 showed moderate immunoreac-
tions in the alveolar and ductal epithelia, connective tissue and vascular endothelium of the rat 
mammary gland throughout pregnancy. On the 7th day of pregnancy, CK18 expression was absent 
in the alveolar and ductal epithelia, but was observed weakly in some connective tissue cells. 
Throughout pregnancy, lactation and involution, the alveolar and ductal epithelia of the rat mam-
mary gland were determined to be negative for CK19. Desmin expression predominated in the 
mammary myoepithelium and vasculature throughout all three of the investigated periods.  
While vimentin was not expressed in any of the mammary tissue components during pregnancy 
and lactation, its moderate expression was observed in the alveolar and ductal epithelia during 
involution. The involution period was also characterized by the vimentin negativity of the myo-
epithelium, stroma, fat cells and blood vessels of the mammary gland. Throughout all three  
periods, laminin expression was strong in the alveolar and ductal epithelia, stromal and myo- 
epithelial cells and blood vessels, and did not vary in strength between the investigated periods. 
These findings demonstrated that intermediate filaments showed cell- and tissue-specific expres-
sion patterns in the rat mammary gland under the effects of pregnancy, lactation and involution. 
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Introduction

The mammary gland is a complex tubuloalveolar 
gland embedded in irregular connective tissue. Milk  
is produced in the distally located differentiated acini  
of the gland and is transported to the proximally situat-
ed nipple in a series of branching duct glycoproteins 
(Russo and Russo 2004). The intralobular ducts, which 
are the smallest of the mammary ducts, together with 
the alveolar clusters form the lobules, otherwise known 
as the terminal ductal lobular units (TDLUs). The mam-
mary parenchyma is mainly composed of two types  
of differentiated epithelial cells. Luminal cells are  
cuboidal/columnar cells, which line both the ducts and 
the alveoli. During lactation, the luminal cells of the 
distal ducts and alveoli start to produce milk, and there-
after are referred to as alveolar cells. Myoepithelial 
cells are muscular epithelial cells, which are situated 
between the luminal cells and basal membrane and have 
contractile property. In the ducts, the myoepithelial 
cells form a sheath. These cells are more sparsely dis-
tributed in the alveoli, and their cytoplasmic structure 
allows some of the alveolar epithelial cells to contact 
the basal membrane and form a basket-like structure 
(Emerman and Vogl 1986).

The cytoskeleton of mammalian tissue and organ 
cells is built of three main filament networks, namely, 
the microfilaments, microtubules and intermediate fila-
ments (IFs). Keratins, neurofilaments, vimentin and  
desmin are the largest subgroup of IFs found in cells. 
The size of the IFs ranges between that of the microtu-
bules, which measure approximately 25 nm in diameter, 
and that of microfilaments, which measure approxi-
mately 7 nm in diameter. IFs make up part of the inso- 
luble cytoplasmic filaments of cells. IFs have been  
detected in almost all differentiated eukaryotic cells.  
By means of immunological, biochemical and molecu-
lar techniques, IFs have been detected in various cells 
and tissues, including cytokeratins in epithelial cells, 
desmin in muscle cells, neurofilaments in neurons, and 
vimentin in mesenchymal cells (Steinert et al. 1984).

Among IF proteins, cytokeratins (CKs) are mostly 
localized in epithelial cells. The majority show organ- 
or tissue-specific expression. The particular cytokeratin 
expressed by an epithelial cell depends on the type,  
terminal differentiation stage, and developmental phase 
of the cell. Thus, specific cytokeratin expressions  
enable the identification of epithelial cells (Sun et al. 
2010). There are two types of cytokeratins, namely, 
acidic type I cytokeratins (CK9-CK20) and basic or 
neutral type II cytokeratins (CK1-CK8). Some cyto- 
keratins serve as lineage markers of mammary epithelial 
cells. For instance, while CK8 and CK18 are found  
in the luminal epithelial cells of the normal mammary 

gland, CK5 and CK14 are localized to the basal or myo-
epithelial cells. On the other hand, in addition to lumi-
nal epithelial cells, CK7 and CK19 are sometimes  
expressed in basal cells (Sun et al. 2010). CK19  
is described as being a neutral cytokeratin and its  
expression in the human mammary gland serves as  
a luminal marker (Bartek et al. 1990). Furthermore, 
CK14/CK19-positive transitional cells have been  
detected in the adult human mammary gland and  
have been claimed to be multipotent progenitor cells 
(Villadsen et al. 2007). However, there is no literature 
report available on whether CK14/CK19-positive cells 
are also found in the mammary glands of mice and rats. 
There is a paucity of information on the details of the 
expression of these cytokeratins in the mammary gland 
during embryonic and postnatal development, preg- 
nancy, lactation and involution. In fact, increased infor-
mation would enable a better understanding of how  
specific cell differentiation occurs during mammary 
gland development. Moreover, more detailed data 
would aid in identifying the embryonic origin of adult 
mammary stem/progenitor cells and contribute not only 
to our basic understanding of epithelial cell biology,  
but also to research on mammary gland cancers.

Vimentin, a 57 kDa-protein, is the most commonly 
expressed member of the family of type III IF proteins. 
Normally, it is expressed by mesenchymal cells  
(Raymond and Leong 1989), but its presence has also 
been determined in the mammary glands of humans  
and other mammals (Hellmén and Lindgren 1989).  
Furthermore, there are reports on the detection of  
vimentin expression in pancreatic progenitor cells,  
Sertoli cells, neurons, trophoblastic giant cells, fibro-
blasts, and endothelial, renal tubular and stromal cells, 
as well as macrophages, neutrophils and leukocytes 
(Madekurozwa 2013).

Desmin is the characteristic IF protein of myogenic 
cells and is encoded by a single gene (Rangdaeng and 
Truong 1991). It is the primary IF protein expressed  
by the cardiac, skeletal and smooth muscles. It interacts 
with other proteins to form a continuous cytoskeletal 
network, which establishes a spatial relationship  
between the contractile apparatus and other structural 
components of the cell, and thereby enables the mainte-
nance of cellular integrity, force transmission, and 
mechanochemical signals. In particular, desmin is found 
at much higher levels in the myocardium, compared to 
skeletal muscle, and is described as one of the main 
components of the Purkinje fibres, which form a spe-
cialized transmission system that ensures the regular 
contraction of the myocardium (Goldfarb and Dalakas 
2009). Desmin has been reported to be expressed also 
by fibrous tissue during wound healing and in some 
cells of the tumoral stroma. Moreover, it has been 
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shown to be expressed in the human and dog mammary 
glands together with some IFs (Hellmén and Lindgren 
1989). In contrast, the normal mammary gland of the 
cat has been reported to be devoid of desmin expression 
(De Las Mulas et al. 2009). 

Laminin is a major component of the basal mem-
brane and contains glycoproteins (Streuli et al. 1995). 
Although 18 laminin isoforms have been described  
to date, the in vitro presence of some of them still needs 
to be confirmed (Timpl and Brown 1994). Laminins  
are heterotrimers, which show temporally regulated  
tissue-specific expression and are composed of the  
α-, β- and γ-subunits (Ahmed and Ffrench-Constant 
2016). Various laminin isoforms have been detected  
in the mammary gland, and previous studies have 
shown that the most common isoforms in the adult 
mammary gland are laminin-111 (containing the α1, β1 
and γ1 subunits), laminin-332, laminin-511/521, lami-
nin-211 and laminin-411/421 (Gudjonsson et al. 2002). 
Some other studies have reported Lama1 and Lama as 
the most common laminins in the basal cells of the 
mammary gland, and Lama5 as the most common in the 
luminal cells of the mammary gland (Lim et al. 2010, 
Bach et al. 2017). However, the exact role of the spatial 
and temporal expression of laminins in the maintenance 
of the development and functioning of the normal mam-
mary gland remains unclear.

The mammary gland is a complex tissue, which has 
evolved to feed the newborn and has several physiolog-
ical, biochemical and immunological functions (Anand 
et al. 2012). Over the life span of female mammals, the 
mammary gland undergoes a series of changes during 
pregnancy, lactation and involution. Throughout the  
reproductive cycle, multiple consecutive regenerative 
processes, characterized by cell proliferation and termi-
nal differentiation, occur in the epithelial layer of the 
mammary gland. It is considered that the expansion of 
the epithelial component of the mammary gland during 
pregnancy is initiated by the mitotic division of mam-
mary stem cells and results in the formation of a mam-
mary pool of progenitor cells. The progenitor cell  
population enters a highly proliferative state, which 
drives this epithelial expansion and is followed by cell 
differentiation. During post-lactational involution,  
the regenerative cycle ends with extensive apoptosis 
and tissue reformation (Li et al. 2007). These changes 
are regulated by the complex interaction of various  
hormones and molecular mechanisms. This cellular and 
functional complexity draws attention to the investiga-
tion of the role of various components in the function-
ing of the mammary gland. Today, it is necessary to  
investigate the presence and fully understand the  
physiological role of the molecular factors localized 
into the mammary gland as it produces milk, which has 

an important place in nutrition. In this context,  
the present study was designed with the aim of deter-
mining the cellular and periodic localization of several 
IFs, including CK8, CK18, CK19, vimentin and  
desmin, and a connective tissue component, laminin,  
all which contribute to the structure of the cytoskeleton, 
in the rat mammary gland during pregnancy, lactation 
and involution. It was considered that the clarification 
of the cell-, organ- and period-specific expression  
patterns of IF proteins in the rat mammary gland could 
provide novel information on the potential roles  
of these proteins, which depend on hormonal interac-
tion.

Materials and Methods

Ethical statement for the experimental animals 
and experimental study conditions

Thirty-five adult female Sprague-Dawley rats, 
which weighed 220-250 g and were supplied from the 
Prof. Dr. Sabahattin PAYZIN Health Sciences Research 
and Application Center of Dicle University, were used 
in this study. The animals were housed under a 12-h 
light and 12-h dark cycle and were provided ad libitum 
access to pellet feed and drinking water. The rats were 
randomly assigned to 5 groups, each of 7 animals.  
All female rats were mated with two male rats. Preg-
nancy examinations were performed using the vaginal 
smear method. Animal, for which the presence of sper-
matozoa and the development of a vaginal plaque were 
determined in the vaginal smear samples, were consi- 
dered as being in the first day of their pregnancy (Sağsöz 
and Ketani 2010). This study was approved by the  
Local Ethics Board for Animal Experiments of Dicle 
University (DÜHADEK) (Decision Number: 2008-02). 
The rats used in the study were euthanized without 
harming them within the framework of ethical rules.  
It was approved by the Dicle University Experimental 
Animals Local Ethics Committee (DÜHADEK) (Deci-
sion number 2008-2).

Collection and processing of the tissue samples

On days 7, 14 and 21 of pregnancy (pregnancy  
period), on day 7 post-delivery (lactation period) and on 
day 7 post-weaning (involution period), under ketamine 
hydrochloride (Ketalar-Pfizer) (90 mg/kg) anesthesia, 
two mammary glands were fully excised from the  
abdominal region. The experimental animals received 
postoperative care. In each group, mammary tissue 
samples were taken and fixed in 10% neutral formalin 
solution for 24 h. The samples were then washed under 
running water for another 24 h. The tissue samples were 
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then passed through a graded series of alcohol, methyl 
benzoate and benzol, and embedded in paraplast. 
Five-micrometer-thick cross sections were cut from  
the paraffin blocks. These sections were mounted onto 
aminopropyl-triethoxysilane (APES)-coated glass slides 
for the immunohistochemical investigation of CK8, 
CK18, CK19, vimentin, desmin and laminin.

Immunohistochemistry (IHC)

A standard streptavidin – biotin immunoperoxidase 
technique was applied using an Ultravision Large  
Volume Detection System (Thermo Fisher Scientific 
Lab Vision Corporation, Fremont, CA, USA) to detect 
the IF proteins. Briefly, the sections were treated with 
3% hydrogen peroxide (H2O2) in methanol for 15 min 
to block endogenous peroxidase activity. Subsequently, 
the sections were washed in PBS, placed in Tris-EDTA 
buffer (pH 9.0), heated in a water bath at 90°C for  
30 min for antigen retrieval, and cooled for 20 min.  
The sections were then washed in PBS and treated with 
a blocking solution (Ultra V Block, Thermo Fisher  
Scientific, LabVision Corporation, Fremont, CA, USA) 
for 5 min to prevent the nonspecific interference of  
immunoglobulins. Subsequently, the sections were  
incubated at 4°C overnight with the following anti- 
bodies: anti-cytokeratin 8 (C-43 clone, mouse mono-
clonal, Abcam, ab253, 1/100 dilution), anti-cytokeratin 
18 (C-04 clone, mouse monoclonal, Abcam, ab668, 
1/100 dilution), anti-cytokeratin 19 (A53-B/A2.26 
clone, mouse monoclonal, Invitrogen, MA5-12663, 
1/50 dilution), anti-vimentin (mouse monoclonal,  
Thermo Scientific, MS-129-R7, 1/200 dilution),  
anti-desmin (mouse monoclonal, Thermo Scientific, 
MS-376-S1, 1/200 dilution ) and anti-laminin (rabbit 
polyclonal, Abcam, ab11575, 1/200 dilution). On the 
following day, the sections were washed in PBS and 
incubated for 20 min at room temperature with bioti-
nylated secondary anti-rabbit or anti-mouse antibodies 
(Thermo Fisher Scientific Lab Vision Corporation, 
Ready-To-Use). After being washed in PBS, the sec-
tions were incubated with streptavidin peroxidase 
(Thermo Fisher Scientific Lab Vision Corporation,  
Fremont, CA, Ready-To-Use) for 20 min and washed in 
PBS once more. Finally, the sections were incubated 
with 3,3-diaminobenzidine tetrahydrochloride (DAB, 
TA-125-HD, Thermo Fisher Scientific Lab Vision Cor-
poration, Fremont, CA, USA) for 5 min. The sections 
were then counterstained with Gill’s hematoxylin for  
3 min, washed under running tap water, dehydra- 
ted through an alcohol series, cleared in xylene, and 
mounted in Entellan (Merck).

The immunohistochemical staining specificity was 
checked using negative and positive control sections. 

As positive controls, slides of archival blocks of breast 
carcinoma were incubated with primary antibodies.  
The negative control reactions were performed by  
replacing the primary rabbit antibodies against CK8, 
CK18, CK19, vimentin, desmin and laminin with 
non-immune rabbit (Santa Cruz Biotechnology,  
sc-2027) or mouse (Santa Cruz Biotechnology,  
sc-2025) sera at similar concentrations or omitting  
the primary antibody step from the protocol. None of the 
negative controls showed immunostaining for any of 
the antibodies.

Tissue sections were examined by conventional 
light microscopy (Nikon-Eclipse 400) and evaluated  
for CK8, CK18, CK19, vimentin, desmin and laminin 
immunoreactivity. The sections were photographed 
with a digital camera (Nikon DSLR) using the NIS  
Elements Imaging Software-version 3.10.

Assessment of IHC staining results 

Immunostaining was scored semiquantitatively for 
the expression of CK8, CK18, CK19, vimentin, desmin 
and laminin. The intensity of immunoreactivity for 
CK8, CK18, CK19, vimentin, desmin and laminin was 
scored as -, negative (no staining even at high magnifi-
cation), +, weak (only visible at high magnification), 
++, moderate (readily visible at low magnification), 
+++, strong (strikingly positive at low power magnifi-
cation) staining (Sağsöz et al 2017). The expression  
of CK8, CK18, CK19, vimentin, desmin and laminin  
in the mammary gland was examined at 10X, 40X and 
100X magnification, using a light microscope (E-400; 
Nikon, Tokyo, Japan) equipped with a DS-RI1 video 
camera (DS-U3, Nikon, Tokyo, Japan) during pregnan-
cy, lactation and involution. The positively stained cells 
were evaluated and scored by two blind researchers 
(B.B. and H.S.) and the mean scores were calculated. 
Three random areas in each section, including at least 
100 cells, were digitized by image analysis and compu- 
terized. As a result, namely, the alveolar epithelial cells, 
ductal epithelial cells, stromal cells, and myoepithelial 
cells of the rat mammary glands were assessed during 
pregnancy, lactation and involution (Table 1).

Results

CK8, CK18, CK19, vimentin, desmin and laminin 
were investigated immunohistochemically for their  
periodic localization and distribution patterns in the  
alveolar and ductal epithelial cells, stromal cells and 
myoepithelial cells of the mammary gland during preg-
nancy, lactation and involution. No immunolocalization 
was detected for any of the investigated parameters  
in the negative controls (Fig. 1). Differences were  
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Table 1.  Intensity scores for CK8, CK18, CK19, Desmin, Vimentin, and laminin expression in rat mammary glands during pregnancy, 
lactation and involution.

Mammary Gland Periods Tissue Layer  
of Mammary Gland CK8 CK18 CK19 Desmin Vimentin Laminin

  Alveolar Epithelium +++ N N N N +++

  Ductal Epithelium +++ N N N N +++

  Addipose Tissue N N N N N N

 1st trimester Stromal Cells +++ + N + N +++

  Blood Vessels N N N ++ N +++

  Smooth Muscle N N N +++ N +++

  Myoepithelium N N N N N +++

  Alveolar Epithelium +++ +++ N N N +++

Pregnancy  Ductal epithelium +++ +++ N N N +++

  Addipose Tissue N N N N N N

 2nd trimester Stromal Cells +++ ++ N + N +++

  Blood Vessels N N N ++ N +++

  Smooth Muscle N N N +++ N +++

  Myoepithelium N N N N N +++

  Alveolar Epithelium +++ +++ N N N +++

  Ductal Epithelium +++ +++ N N N +++

  Addipose Tissue N N N N N N

 3rd trimester Stromal Cells +++ ++ N + N +++

  Blood Vessels N N N ++ N +++

  Smooth Muscle N N N +++ N +++

  Myoepithelium N N N N N +++

 Alveolar Epithelium +++ +++ N N ++ +++

 Ductal Epithelium +++ +++ N N ++ +++

 Addipose Tissue N N N N N N

Lactation Stromal Cells + N N + N +++

 Blood Vessels N N N +++ N +++

 Smooth Muscle N N N +++ N +++

 Myoepithelium N N N +++ N +++

 Alveolar Epithelium N +++ N N ++ +++

 Ductal Epithelium N +++ N N ++ +++

 Addipose Tissue N N N N N N

Involution Stromal Cells +++ + N + N +++

 Blood Vessels N + N +++ N +++

 Smooth Muscle N N N +++ N +++

 Myoepithelium N N N +++ N +++
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observed in the spatial and temporal distribution of 
CK8, CK18, CK19, vimentin, desmin and laminin 
during pregnancy, lactation and involution (Table 1).

Mammary gland during pregnancy

CK8 expressions were observed to be relatively 
similar during all three trimesters of pregnancy. Strong 
CK8 expressions were detected particularly in the api-
cal cytoplasm of the alveolar and ductal epithelial cells 
and in some stromal cells (Figs. 2A, 2B, 2C). On the 7th 
day of pregnancy, unlike CK8, CK18 was not expressed 
in the alveolar and ductal epithelial cells. Weak expres-
sion was observed only in some connective tissue cells. 
On the other hand, on days 14 and 21 of pregnancy, 
CK18 expression was strong in the alveolar and ductal 
epithelial cells and moderate in some stromal cells  
(Fig. 2D, 2E, 2F). Throughout pregnancy, CK19 was 
not expressed in any of the stromal cells or alveolar and 
ductal epithelial cells (Figs. 2G, 2H, 2I). Furthermore, 
the myoepithelium and fat cells, as well as the vascular 
endothelial and smooth muscle cells, were negative for 
CK8, CK18 and CK19 during pregnancy (Fig. 2A-2I). 
On the other hand, during all three trimesters of preg-
nancy, desmin expression was strong in the vascular 
smooth muscle cells, but weak in some stromal cells. 
However, desmin expression was not detected in the  
alveolar and ductal epithelial cells, myoepithelial and 
fat cells during pregnancy (Fig. 2J, 2K, 2L). Additional-
ly, throughout the course of pregnancy, none of the tis-
sue components contributing to the structure of the 
mammary gland showed vimentin expression (Fig. 2M, 

2N, 2O). Throughout all three trimesters of pregnancy, 
laminin showed similar expressions, which were strong 
in the alveolar and ductal epithelia, myoepithelium, 
stroma, and vascular endothelial and smooth muscle 
cells. In contrast, the fat cells were observed not to  
express laminin (Fig. 2P, 2Q, 2R).

Mammary gland during lactation

During lactation, CK8 expression was strong in the 
alveolar and ductal epithelial cells, but rather weak  
in the stromal cells (Fig. 3A, 3B). While CK18 was 
strongly expressed in the alveolar and ductal epithelial 
cells, it was not expressed in the stromal and vascular 
endothelial cells (Fig. 3C, 3D). On day 7 of lactation, 
CK19 expression was not detected in the mammary 
gland (Fig. 3E, 3F). During the lactation period, the 
myoepithelial cells and fat cells did not express CK8, 
CK18 and CK19, and the mammary vasculature was 
also found to be negative for these cytokeratins  
(Fig. 3A-3F). During lactation, desmin was strongly  
expressed in the myoepithelial and vascular endothelial 
cells, and weakly expressed in some stromal cells.  
On the other hand, the alveolar and ductal epithelia  
and fat cells were devoid of desmin expression  
(Fig. 3G, 3H). On day 7 of lactation, there was moderate 
expression of vimentin in some alveolar and ductal  
epithelial cells, whereas none of the other tissue compo-
nents contributing to the structure of the mammary 
gland expressed vimentin. (Fig. 3I, 3J). As to laminin, 
its expression was strong in the alveolar and ductal  
epithelial cells, myoepithelium, stromal cells, and vas-

Fig. 1.  Negative control produced using mouse IgG and rabbit IgG antibodies, resulted in no immunostaining for CK8 (involution),  
-18 (14th day of pregnancy), -19 (7th day of pregnancy), desmin (21st day of pregnancy), vimentin (lactation) and laminin (involu-
tion) in the rat mammary glands during pregnancy, lactation and involution. A, alveolus; D, ducts; S, stroma. Scale bars=25 μm.
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cular endothelial and smooth muscle cells. The fat cells 
were observed not to express laminin (Fig. 3K, 3L).

Mammary gland during involution

While CK8 was strongly expressed by some stro-
mal cells in the mammary gland, the alveolar and ductal 
epithelial cells, myoepithelium, fat cells and vascular 
endothelial and smooth cells were determined to be 
negative for CK8 (Fig. 4A, 4B). On day 7 of involution, 
CK18 expression was strong in the alveolar and ductal 
epithelial cells, and weak in the stromal cells and blood 
vessels. Similar to CK8, it was observed that CK18 was 
not expressed by the myoepithelial and fat cells  
(Fig. 4C, 4D). In the mammary gland, no CK19 expres-
sion was observed in the stromal, and alveolar and  
ductal epithelial cells, or the myoepithelium and blood 
vessels during involution (Fig. 4E, 4F). During this  
period, the expression of desmin was strong in the myo-
epithelium and vascular media, weak in some stromal 

cells, and absent in the alveolar and ductal epithelia  
and fat cells (Fig. 4G, 4H). Vimentin expression was 
moderate in the alveolar and ductal epithelial cells,  
but negative in the myoepithelial, stromal and fat cells, 
as well as in the blood vessels (Fig. 4I, 4J). On day 7  
of involution, the alveolar and ductal epithelia, stroma, 
myoepithelium, and vascular endothelial and smooth 
muscle cells showed strong laminin expression. In con-
trast, the fat cells were devoid of laminin expression 
(Fig. 4K, 4L). 

Discussion

The control of the expression of the genes which 
regulate hormonal and molecular factors in the mam-
mary gland, is highly important for milk production  
in all species. In the development of the mammary 
gland, each cell type has a specific characteristic as  
regards the plasticity of the gland. As is the case with 

Fig. 2.  Expression of IFs and laminin in the mammary glands of pregnant rats, immunohistochemical stain, diaminobenzidine as the 
chromogen. (A-C) localization of CK8 in alveolar and duct epithelial cells and stromal cells, (D-F) CK18 localization in alveo-
lar and duct epithelial cells and stromal cells at 14 and 21 days of pregnancy, (G-I) CK19 negative appearance at all pregnancy  
periods, (J-L) localization of desmin in smooth muscles and in the media layer of blood vessels, (M-O) vimentin negative  
appearance at all pregnancy periods, (P-R) laminin localization in alveolar and duct epithelial cells and stromal cells at all preg-
nancy periods. A, alveolus; D, ducts; S, stroma; AT, adipose tissue; SM, smooth muscle cells; BV, blood vessel; arrows, positive 
alveolar and ductal epithelial cells; arrowheads, positive stromal and myoepithelial cells. Scale bars (A-C,E-G, I, J, K-R) 25=μm, 
(D,H,K)=50 μm.
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Fig. 3.  Expression of IFs and laminin in rat mammary gland during lactation, immunohistochemical stain, diaminobenzidine as the 
chromogen. (A,B) CK8 localization in alveolar and duct epithelial cells, (C,D) CK18 localization in alveolar and duct epithelial 
cells and stromal cells, (E,F) negative appearance of CK19, (G,H) localization of desmin in smooth muscles, (I,J) weak vimentin 
expression in alveolar and duct epithelial cells, (K,L) laminin expression in alveolar and duct epithelial cells, stromal and smooth 
muscle cells and blood vessels. A, alveolus; D, ducts; S, stroma; SM, smooth muscle cells; BV, blood vessel; arrows, positive 
alveolar and ductal epithelial cells. Scale bars = (A,C,E,G)=50 μm, (B,D,F,H,K,L)=25 μm, (J)=6.25 μm.
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Fig. 4.  Expression of IFs and laminin in rat mammary gland during involution, immunohistochemical stain, diaminobenzidine  
as the chromogen. (A,B) CK8 localization in alveolar and duct epithelial cells, (C,D) CK18 localization in alveolar and duct epit-
helial cells and stromal cells, (E,F) negative appearance of CK19, (G,H) localization of desmin in stmal and smooth muscles cell, 
(I,J) moderate vimentin expression in alveolar and duct epithelial cells, (K,L) laminin expression in alveolar and duct epithelial 
cells, stromal and smooth muscle cells and blood vessels. A, alveolus; D, ducts; S, stroma; AT, adipose tissue; SM, smooth muscle 
cells; BV, blood vessel; arrows, positive alveolar and ductal epithelial cells; arrowheads, positive stromal and myoepithelial cells. 
Scale bars = (A, E,G,I,K)=50 μm, (C,B, F,H,J,L)=25 μm, (D) 6.25=μm.
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most glandular tissues, the adult mammary gland con-
tains various types of cells, which interact to shape  
and activate the functions of the organ. Similarly to all 
eukaryotic cells, the cells that make up the mammary 
gland have a cytoskeleton composed of IFs and extra-
cellular matrix proteins, which together form a fibrous 
network in the cytoplasm (Kohnen et al. 2000). In the 
present study, we demonstrated the expression of the 
intermediary filaments CK8, CK18 and CK19, vimen-
tin, desmin and the connective tissue component lami-
nin in the mammary tissue of adult rats. Our findings 
demonstrated that these components were localized to 
various tissue components, including the alveolar and 
ductal epithelia, stroma, myoepithelium and vascular 
endothelium and smooth muscle in the rat mammary 
gland throughout pregnancy, lactation and involution. 
The study findings also revealed spatial and temporal 
differences between these three periods. As is the case 
with other mammals, CK8, CK18, CK19, vimentin,  
desmin and laminin being expressed by certain cell 
groups in the mammary gland of the rat suggests that 
these factors contribute to both cytoskeleton formation 
and tissue integrity in this species. 

The majority of literature reports on the expression 
of cytokeratins in humans and other mammals pertain 
to cases of breast cancer or other organ cancers. A lite- 
rature review has shown that information and research 
available on the periodic and cellular localization of 
these factors in relation to the embryonic development 
of the mammary gland or hormone-induced cellular 
changes during pregnancy, lactation and involution, are 
scarce. Reports indicate that CK8 is one of the cytokera- 
tins first expressed during embryogenesis, which starts 
with expression in organs lined by simple epithelium 
(i.e. liver, pancreas, kidneys) (Owens and Lane 2003) 
and continues with expression in organs lined by mixed 
epithelia (i.e. mammary gland, lungs) (Franke et al. 
1981). It has been indicated that, in humans, CK8  
is expressed by the luminal epithelial cells of the mam-
mary gland, which serve as a differentiation site (Buhler 
and Schaller 2005). In mice, CK8 has been determined 
to be localized to the simple alveolar and luminal  
epithelia during the development of the mammary 
gland and to display a heterogenous expression pattern 
(Santagata et al. 2014). In cows, CK8 has been shown 
to be expressed by the alveolar and ductal epithelia and 
some stromal cells of the mammary gland during late 
lactation and involution (Alklay et al. 2022). Similarly 
to these reports, the present study showed that CK8 was 
strongly expressed by the alveolar and ductal epithelial 
cells of the rat mammary gland during all three trimes-
ters of pregnancy and the lactation period. On the other 
hand, the alveolar and ductal epithelial cells of the rat 
mammary gland were observed to be negative for CK8 

during the involution period. Similarly to cows, rats 
displayed moderate or weak CK8 expression in the  
stromal cells of the mammary gland during pregnancy 
and lactation, and strong CK8 expression in the mam-
mary stroma during involution. In contrast to reports  
in humans and mice, it has been determined that, in rats, 
myoepithelial and fat cells as well as vascular endothe-
lial and smooth muscle cells are negative for CK8 
during pregnancy, lactation and involution. Cytokera-
tins are intermediate filament proteins found in most 
epithelial cells. Among cytokeratins, CK8/CK18 expres- 
sion has been demonstrated in luminal epithelial cells  
of the mouse mammary gland (Buhler and Schaller 
2005). CK8 has already been shown to be determined 
during embryonic mammary gland development in the 
mouse (Franke et al. 1981). In the mature mammary 
gland, luminal and ductal epithelial cells have been  
reported to express high levels of CK8 (Buhler and 
Schaller 2005). In this study, it was shown that CK8 
expression was localized in luminal and ductal epithelial 
cells during gestation and lactation periods and in stro-
mal cells during the involution period in the rat mam-
mary gland. These results suggest that CK8 may play  
a role in cell differentiation and cytoskeleton formation 
during pregnancy, lactation and involution in the rat 
mammary gland.

Some human studies have reported that while CK18 
was not expressed in the cells of the normal mammary 
tissue, its expression was strong in breast tumors (Abd 
El Rehim et al. 2004). On the other hand, other human 
studies have indicated that, in the normal mammary 
gland, CK18 was expressed at varying levels in the  
alveolar and ductal epithelial cells (Böcker et al. 2002). 
Furthermore, in ruminants, CK18 was shown to be  
expressed at varying levels in the alveolar and ductal 
epithelia and myoepithelium of normal mammary tissue 
(Boutinaud et al. 2015). Varying levels of CK18 expres-
sion have been reported in some stromal cells as well  
as in the alveolar and ductal epithelia in the mammary 
gland of cows during late lactation and involution  
(Alklay et al. 2022). Furthermore, strong in vitro CK18 
expression has been determined in mouse and cattle  
epithelial cells (Petridis and Fthenakis 2019). Similarly 
to previous reports in humans, mice (Petridis and  
Fthenakis 2019) and ruminants (Abd El Rehim et al. 
2004, Petridis and Fthenakis 2019, Alklay et al. 2022) 
the present study demonstrated varying levels of CK18 
expression in some stromal cells as well as the alveolar 
and ductal epithelial cells of the rat mammary gland 
during pregnancy, lactation and involution. Moreover, 
contrary to the report in ruminants (Boutinaud et al. 
2015), we observed no CK18 expression in the myo- 
epithelial and fat cells of the rat mammary gland during 
the three investigated periods. In rats, CK18 expression 
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was negative in the mammary vasculature throughout 
pregnancy and lactation and was weak during involu-
tion. Based on the above information, these results sug-
gest that CK18 may play a role in cell differentiation 
and cytoskeleton formation during pregnancy, lactation 
and involution in the rat mammary gland.

Complicated cellular processes, which occur in the 
normal mammary gland during pregnancy, lactation 
and involution (epithelial and stromal cell differentia-
tion), in general, can be detected based on the expres-
sion of certain cytokeratins (Coulombe and Omary 
2002). Mammary epithelial cells can be identified  
according to their pattern of expressing intermediate  
filaments. However, as the expression of specific cyto-
keratins may differ between the ductal epithelium and 
alveolar epithelium, further differences in localization 
may be observed between species and the different  
regions of the mammary gland (Dontu and Ince 2015). 
In this context, the biological role of heterogenous cyto-
keratin expression in normal and neoplastic mammary 
gland tissues has not yet been fully understood  
(Coulombe and Omary 2002, Ontsouka et al. 2016). 
Cytokeratin filaments are involved in the establishment 
of the mechanical scaffold required by epithelial cells. 
In any case, they regulate tissue or organ morphogene-
sis and cell differentiation. Cytokeratins display various 
molecular and functional tissue expressions, depending 
on the type and differentiation characteristics of epithe-
lial cells. Thus, cytokeratins provide data on various 
cytogenetic changes in tissues (Abd El Rehim et al. 
2004). Among cytokeratins, which are a family of inter-
mediate filaments, CK18 is described as being the 
member most commonly found in tissues and organs, 
and is indicated to be present generally together  
with CK8. Both of these cytokeratins are expressed  
by simple epithelial cells and are described as important 
markers for alveolar and ductal epithelial cells (Abd El 
Rehim et al. 2004, Böcker et al. 2002). In view of these 
data, varying levels of CK8 and CK18 expression  
having been determined in the different cell compo-
nents of the rat mammary gland during pregnancy,  
lactation and involution suggests that these cytokeratins 
could have similar functions in the rat mammary gland 
during all three of the investigated periods.

CK19 is known to be an important marker for alve-
olar epithelial cells (Ontsouka et al. 2016). CK19 ex-
pression is mostly observed in stem cells, cells with 
high differentiation capacity, and cells of epithelial  
origin with high plasticity, such as tumor cells  
(Mujyambere et al. 2018). While in situ human studies 
have reported that, in the normal mammary tissue, 
CK19 was localized to the epithelial cells, they also  
indicated that CK19 expression lacked specificity  
(Bartek et al. 1985). Multiple studies have reported 

CK19 expression as being absent in the cells of the nor-
mal mammary tissue, but strong in malignant tumor 
masses (Petersen et al. 1998). It has also been reported 
that, alveolar and ductal epithelial cells of the human 
and mouse mammary glands expressed CK19 at vary-
ing levels (Abd El Rehim et al. 2004). In particular,  
extensive CK19 expression has been reported in the  
terminal ductal epithelium of the mammary gland  
of nulliparous mice (Anbazhagan et al. 1998, Smalley 
et al. 1998). Ontsouka et al. (2016) demonstrated that, 
in cows, CK19 levels were either very low or undetec- 
table in the primary (epithelial) cells of the mammary 
gland during pregnancy, lactation and involution. How-
ever, these researchers also determined that the cultures 
of cells from these periods were positive for CK19  
expression (Ontsouka et al, 2016). Alklay et al. (2022) 
reported the absence of CK19 expression in the bovine 
mammary gland during late lactation and involution.  
In the present study, in agreement with previous studies 
(Petersen et al. 1998, Alklay et al. 2022), CK19 expres-
sion was not detected in any of the tissue components  
of the rat mammary gland during pregnancy, lactation 
and involution. No periodic CK19 expression having 
been detected in the rat mammary gland in the present 
study clearly shows the complicated nature of mamma-
ry cells, and suggests that analyses based solely on the 
expression of cell type markers could be misleading  
and thus, risky. However, despite the results of our 
study, it is still valid to consider CK19 as a marker for 
the identification of mammary gland epithelial cells  
as well as cultures of cells from the mammary gland.

In cultures of human mammary gland cells, both 
myoepithelial and stromal cells have been reported to 
react positively for vimentin, whilst epithelial cells 
have been indicated as being vimentin-negative (Mark 
et al. 1990). In addition to the report of vimentin being 
expressed at varying levels in the myoepithelial and 
stromal cells of the normal human mammary gland,  
it has also been indicated that vimentin is localized  
to the vascular endothelial cells (Petre et al. 2016).  
Vimentin expression has been shown to be weak  
in the mammary gland of mice, and to eventually cause 
impaired development of the mammary alveoli and 
ducts as well as a decrease in their capability to rege- 
nerate (Peuhu et al. 2017). In the normal mammary 
gland of dogs, both the interstitial tissue and the peri- 
pheral cells of the ducts and acini (most probably myo-
epithelial cells) were reported as being vimentin-posi-
tive (Hellmén and Lindgren 1989). Similarly, there are 
reports indicating the detection of vimentin-positive 
reactions in the myoepithelial cells of the rat mammary 
gland during various periods (Warburton et al. 1985). 
Marettová and Maretta (2018) reported vimentin  
expression in the fibroblasts (myofibroblasts) of the 
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connective tissue of the interalveolar and interlobular 
septa, as well as in some alveolar epithelial cells, some 
free cells such as lymphocytes and macrophages in the 
septal connective tissue, and vascular endothelial cells 
in the mammary gland of lactating cows. Vimentin was 
also reported to be expressed in some cells of the ovine 
mammary stroma (Peuhu et al. 2017, Marettová and 
Maretta 2018). In contrast to the studies referred to 
above (Warburton et al. 1985, Hellmén and Lindgren 
1989, Petre et al. 2016, Peuhu et al. 2017, Marettová 
and Maretta 2018), the present study showed that vimen- 
tin expression was not present in all tissue components 
of the rat mammary gland during pregnancy and lacta-
tion, vimentin was moderately expressed in the alveolar 
and ductal epithelial cells during involution, and was 
absent in the myoepithelium, stroma, fat cells and  
vasculature. This was attributed to vimentin being  
actively involved in the cellular renewal and return to 
normal of the rat mammary gland rather than its cellular 
development and functional maintenance during preg-
nancy and lactation. 

Desmin interacts with other proteins to form the  
cytoskeletal network, and enables the maintenance of 
cell integrity, force transmission and mechanochemical 
signals (Goldfarb and Dalakas 2009). Desmin expres-
sion has been demonstrated in the thick interlobular 
connective tissue septa, smooth muscle cells of the vas-
cular media layer, and myoepithelial cells in the cow 
mammary gland. On the other hand, it has been report-
ed that desmin is not expressed in the normal mammary 
gland or mammary carcinomas of humans and some 
other species (Mou et al. 2013). Additionally, previous 
research on desmin suggests that it affects muscle tis-
sue. Furthermore, several studies have shown that de-
smin is not localized to the epithelial and stromal cells 
of the mammary gland (Mou et al. 2013). In the present 
study, it was determined that, in the rat mammary gland, 
desmin was expressed by myoepithelial cells, some 
muscular structures and the smooth muscle cells of the 
vascular media during pregnancy, lactation and involu-
tion. However, desmin was not detected in the alveolar 
and ductal epithelia, stroma and fat cells of the rat mam-
mary gland. The presence of desmin in the myoepithe-
lial cells of the rat mammary gland during all three  
of the investigated periods suggests its possible role  
in the expulsion of milk from the alveoli and the conti-
nuity of mechanochemical signals. Furthermore, the 
presence of desmin expression in some smooth muscle 
structures and blood vessels in the mammary gland 
during pregnancy, lactation and involution suggests that 
it may be involved in mammary gland development and 
remodeling. 

It has been reported that, during pregnancy, laminin 
expression is mainly confined to the stromal cells  

surrounding the mammary alveoli and ducts. The same 
report indicates the existence of no difference between 
the trimesters, the presence of strong expression in the 
connective tissue, developing blood vessels, skeletal 
muscle and stromal cells supporting the fat tissue, and 
the absence of expression in epithelial cells (Keely et al. 
1995). Reports have indicated high levels of laminin 
expression in the basal and luminal cells of the mouse 
mammary gland (Lim et al. 2010, Bach et al. 2017). 
Based on the expression of laminin concentrating  
largely to the stromal cells surrounding the small ducts 
and developing alveoli, many researchers have sugges- 
ted that laminin may contribute to in vitro mammary 
morphogenesis (Keely et al. 1995). Hohenester et al 
(2013) determined that laminins, together with collagen 
IV, have a major role in the adhesion of mammary epi-
thelial cells to the basal membrane (Hohenester et al. 
2013). Several researchers have attributed the expres-
sion of laminin in epithelial cells to its possible role  
in the inhibition of mammary alveolar development  
(Li et al. 2005). In the present study, we determined 
that, in the rat mammary gland, laminin expression was 
similar during all three trimesters of pregnancy, lacta-
tion and involution, and strong in the alveolar and duc-
tal epithelia, myoepithelium, stromal cells, and vascular 
endothelial and smooth muscle cells. No laminin  
expression was detected in the fat cells. Strong laminin 
expression having been determined in the rat mammary 
gland was attributed to the possible role of laminin  
in the development of the rat mammary gland during 
pregnancy and lactation. Furthermore, strong laminin 
expression during the involution period suggested that 
laminin could be involved in alveolar, ductal and stro-
mal repair.

In conclusion, the present study demonstrated either 
the absence or the presence of varying levels of CK8, 
CK18, desmin, vimentin, and laminin expression in the 
various tissue components of the rat mammary gland 
during pregnancy, lactation and involution with perio- 
dic differences, and the absence of mammary CK19  
expression during all three periods. These results 
showed that laminin and other intermediate filaments, 
rather than CK19, could have a role in the development 
and repair of the rat mammary gland. In view of their 
described functions, we suggest that intermediate  
filaments could be effective in the development of the 
mammary tissue, as well as the production and expul-
sion of milk. Moreover, the detection of higher levels  
of IFs in cancerous tissues, compared to normal tissues, 
also suggests that IFs could be involved in tumor deve- 
lopment, and that the complete isolation of these  
filaments in the future could enable their use for treat-
ment purposes. 



587Cellular distribution of some intermediate filaments in the rat ...

Acknowledgements

We would like to thank Şırnak University Scientific 
Research Projects Coordination Unit for their support 
in this study.

References

Abd El Rehim DM, Pinder SE, Paish CE, Bell J, Blamey RW, 
Robertson JF, Nicholson RI and Ellis IO (2004) Expression 
of luminal and basal cytokeratins in human breast carcino-
ma. J Pathol 203: 661-671.

Ahmed M, Ffrench-Constant C (2016) Extracellular matrix  
regulation of stem cell behavior. Curr Stem Cell Rep  
2: 197-206.

Alklay AA, Topaloğlu U, Celenk F, AYDIN N, Bayram B,  
Atalar Ö (2022) Expression of Cytokeratin 8, 18 and 19  
in the Period of Late Lactation and Involution in Cow Mam-
mary Gland. Kafkas Üniv Vet Fak Derg 28: 299-306.

Anand V, Dogra N, Singh S, Kumar SN, Jena MK, Malakar D, 
Dang AK, Mishra BP, Mukhopadhyay TK, Kaushik JK and 
Mohanty AK (2012) Establishment and characterization of 
a buffalo (Bubalus bubalis) mammary epithelial cell line. 
PloS One 7:e40469.

Anbazhagan R, Osin PP, Bartkova J, Nathan B, Lane EB, 
Gusterson BA (1998) The development of epithelial pheno-
types in the human fetal and infant breast. J Pathol 184: 197-
206.

Bach K, Pensa S, Grzelak M, Hadfield J, Adams DJ, Marioni JC 
and Khaled WT (2017) Differentiation dynamics of mam-
mary epithelial cells revealed by single-cell RNA sequenc-
ing. Nat Commun 8: 1-11.

Bartek J, Bartkova J, Taylor-Papadimitriou J (1990) Keratin  
19 expression in the adult and developing human mammary 
gland. Histochem J 22: 537-544.

Bartek J, Taylor-Papadimitriou J, Miller N, Millis R (1985)  
Patterns of expression of keratin 19 as detected with mono-
clonal antibodies in human breast tissues and tumours.  
Int J Cancer 36: 299-306.

Boutinaud M, Herve L, Lollivier V (2015) Mammary epithelial 
cells isolated from milk are a valuable, non-invasive source 
of mammary transcripts. Front Genet 6: 323.

Böcker W, Moll R, Poremba C, Holland R, Van Diest PJ,  
Dervan P, Bürger H, Wai D, Ina Diallo R, Brandt B and 
Herbst H (2002) Common adult stem cells in the human 
breast give rise to glandular and myoepithelial cell lineages: 
a new cell biological concept. Lab İnvest 82: 737-746.

Buhler H, Schaller G (2005) Transfection of keratin 18 gene  
in human breast cancer cells causes induction of adhesion 
proteins and dramatic regression of malignancy in vitro and 
in vivo. Mol Cancer Res 3: 365-371.

Coulombe PA, Omary MB (2002) ‘Hard’and ‘soft’principles de-
fining the structure, function and regulation of keratin inter-
mediate filaments. Curr Opin Cell Biol 14: 110-122.

De Las Mulas JM, De Los Monteros AE, Carrasco L, Van Niel 
M, Fernández A (1995) Immunohistochemical distribution 
pattern of intermediate filament proteins in 50 feline neo-
plasms. Vet Pathol 32: 692-701.

Dontu G, Ince TA (2015) Of mice and women: a comparative 
tissue biology perspective of breast stem cells and differen-
tiation. J Mammary Gland biol Neoplasia 20: 51-62.

Emerman JT, Vogl AW (1986) Cell size and shape changes  
in the myoepithelium of the mammary gland during diffe- 
rentiation. Anat Rec 216: 405-415.

Franke WW, Schiller DL, Moll R, Winter S, Schmid E,  
Engelbrecht I, Denk H, Krepler R and Platzer B (1981)  
Diversity of cytokeratins: differentiation specific expression 
of cytokeratin polypeptides in epithelial cells and tissues.  
J Mol Biol 153: 933-959. 

Goldfarb LG, Dalakas MC (2009) Tragedy in a heartbeat:  
malfunctioning desmin causes skeletal and cardiac muscle 
disease. J Clin İnvest 119:1806-1813.

Gudjonsson T, Rønnov-Jessen L, Villadsen R, Rank F,  
Bissell MJ, Petersen OW (2002) Normal and tumor-derived 
myoepithelial cells differ in their ability to interact with  
luminal breast epithelial cells for polarity and basement 
membrane deposition. J Cell Sci 115: 39-50.

Hellmén E, Lindgren A (1989) The expression of intermediate 
filaments in canine mammary glands and their tumors. Vet 
Pathol 26: 420-428.

Hohenester E, Yurchenco PD (2013) Laminins in basement 
membrane assembly. Cell Adh Migr 7: 56-63.

Keely PJ, Wu JE, Santoro SA (1995) The spatial and temporal 
expression of the α2β1 integrin and its ligands, collagen I, 
collagen IV, and laminin, suggest important roles in mouse 
mammary morphogenesis. Differentiation 59: 1-13.

Kohnen G, Campbell S, Jeffers MD, Cameron IT (2000)  
Spatially regulated differentiation of endometrial vascular 
smooth muscle cells. Hum Reprod 15: 284-292. 

Li H, Cherukuri P, Li N, Cowling V, Spinella M, Cole M,  
Godwin AK, Wells W and DiRenzo J (2007) Nestin  
is expressed in the basal/myoepithelial layer of the mamma-
ry gland and is a selective marker of basal epithelial breast 
tumors. Cancer res 67: 501-510.

Li N, Zhang Y, Naylor MJ, Schatzmann F, Maurer F,  
Wintermantel T, Schuetz G, Mueller U, Streuli CH and 
Hynes NE (2005) β1 integrins regulate mammary gland  
proliferation and maintain the integrity of mammary alveoli. 
EMBO j 24: 1942-1953.

Lim E, Wu D, Pal B, Bouras T, Asselin-Labat ML, Vaillant F, 
Yagita H, Lindeman GJ, Smyth GK and Visvader JE (2010) 
Transcriptome analyses of mouse and human mammary cell 
subpopulations reveal multiple conserved genes and path-
ways. Breast Cancer Res 12: 1-14.

Madekurozwa MC (2013) An immunohistochemical study of 
the oviduct in the domestic fowl (Gallus domesticus).  
Anat Histol Embryol 42: 48-56.

Marettová E, Maretta M (2018) Immunohistochemical study of 
the stromal cells in the lactating bovine mammary gland. 
Folia Veterinaria 62: 29-35.

Mark C, van Deurs B, Petersen OW (1990) Regulation of  
vimentin expression in cultured human mammary epithelial 
cells. Differentiation 43: 146-156.

Mou Y, Wang Y, Li J, Lü S, Duan C, Du Z, Yang G, Chen W, 
Zhao S, Zhou J and Wang C (2013) Immunohistochemical 
characterization and functional identification of mammary 
gland telocytes in the self‐assembly of reconstituted breast 
cancer tissue in vitro. J Cell Mol Med 17: 65-75.

Mujyambere B, Jayaraj R, Suja S (2018) Cytokeratin 19 (CK19) 
as a marker for Epithelial Differentiation and Malignant 
Transformation: Its Clinical relevance in Diagnosis, Prog-
nosis and Treatment response monitoring. IRE J 2: 51-61. 

Ontsouka EC, Bertschi JS, Huang X, Lüthi M, Müller S,  
Albrecht C (2016) Can widely used cell type markers pre-



588 B. Bayram et al.

dict the suitability of immortalized or primary mammary 
epithelial cell models?. Biol Res 49: 1-11.

Owens DW, Lane EB (2003) The quest for the function of sim-
ple epithelial keratins. Bioessays 25: 748-758.

Petersen OW, Rønnov-Jessen L, Weaver VM, Bissell MJ (1998) 
Differentiation and cancer in the mammary gland: shedding 
light on an old dichotomy. Adv Cancer Res 75: 135-162.

Petre N, Rusu MC, Pop F, Jianu AM (2016) Telocytes of the 
mammary gland stroma. Folia morphol 75: 224-231.

Petridis IG, Fthenakis GC (2019) Mammary involution and  
relevant udder health management in sheep. Small Rumin 
Res 181: 66-75.

Peuhu E, Virtakoivu R, Mai A, Wärri A, Ivaska J (2017) Epithe-
lial vimentin plays a functional role in mammary gland  
development. Development 144: 4103-4113.

Rangdaeng S, Truong LD (1991) Comparative immunohisto-
chemical staining for desmin and muscle-specific actin:  
a study of 576 cases. Am J Clin Pathol 96: 32-45.

Raymond WA, Leong AS (1989) Vimentin – a new prognostic 
parameter in breast carcinoma? J Pathol 158: 107-114.

Russo J, Russo IH (2004) Development of the human breast. 
Maturitas 49: 2-15. 

Sagsoz H, Ketani MA (2010) The role of estrogen receptors, 
erbB receptors, vascular endothelial growth factor and  
its receptors, and vascular endothelial growth inhibitor  
in the development of the rat mammary gland. Growth  
Factors 28: 379-393.

Sağsöz H, Saruhan BG, Erdoğan S (2017) Functional roles  
of angiogenic factors and receptors on non-endothelial cells 
in the oropharyngeal cavity of the chukar partridge  
(Alectoris chukar). Acta Zoologica 98: 44-55.

Santagata S, Thakkar A, Ergonul A, Wang B, Woo T, Hu R,  
Harrell JC, McNamara G, Schwede M, Culhane AC and 
Kindelberger D (2014) Taxonomy of breast cancer based  
on normal cell phenotype predicts outcome. J Clin İnvest 
124: 859-870.

Smalley MJ, Titley J, O’Hare MJ (1998) Clonal characterization 
of mouse mammary luminal epithelial and myoepithelial 
cells separated by fluorescence-activated cell sorting.  
In Vitro Cell Dev Biol Anim 34: 711-721.

Steinert PM, Jones JC, Goldman RD (1984) Intermediate fila-
ments. J Cell Biol 99: 22-27. 

Streuli CH, Schmidhauser C, Bailey N, Yurchenco P,  
Skubitz AP, Roskelley C and Bissell MJ (1995) Laminin 
mediates tissue-specific gene expression in mammary  
epithelia. J Cell Biol 129: 591-603.

Sun P, Yuan Y, Li A, Li B, Dai X (2010) Cytokeratin expression 
during mouse embryonic and early postnatal mammary 
gland development. Histochem Cell Biol 133: 213-221.

Timpl R, Brown JC (1994) The laminins. Matrix Biol 14: 275-281. 
Villadsen R, Fridriksdottir AJ, Rønnov-Jessen L, Gudjonsson T, 

Rank F, LaBarge MA, Bissell MJ and Petersen OW (2007) 
Evidence for a stem cell hierarchy in the adult human breast. 
J Cell Biol 177: 87-101.

Warburton MJ, Ferns SA, Hughes CM, Rudland PS (1985) 
Characterization of rat mammary cell types in primary cul-
ture: lectins and antisera to basement membrane and inter-
mediate filament proteins as indicators of cellular heteroge-
neity. J Cell Sci 79: 287-304.


