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CD44 and vimentin, markers involved with epithelial-mesenchymal 
transition: A proteomic analysis of  sequential proteins extraction 
of  triple-negative breast cancer cells after  treatment with all-trans 
retinoic acid
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Abstract. This work aimed to provide, in one isolation and separation step, an overview of the 
content of proteins with different solubility after treatment with all-trans retinoic acid, which is 
considered to be an important therapeutic agent, predominantly in acute promyelocytic leukemia. 
Breast, ovarian, bladder, and skin cancers have been demonstrated to be suppressed by retinoic 
acid, as well. The bottom-up proteomic strategies were applied for the analysis of proteins extracted 
from triple-negative breast cancer MDA-MB-231 cells utilizing a commercially manufactured kit. 
The gel electrophoresis followed by MALDI-TOF MS analysis was used for protein determination. 
By employing PDQuest™ software, we identified several proteins affected by all-trans retinoic acid. 
Two proteins, vimentin and CD44, which are associated with the epithelial-mesenchymal transition, 
were selected for a detailed study. We have found that all-trans retinoic acid results in significantly 
reduced levels of vimentin and CD44 in both the cytoplasmic and membrane fractions. A significant 
effect was particularly evident in CD44, where protein level in the cytoplasmic fraction was almost 
completely suppressed.
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The knowledge of the structure, function, and amount of 
specific proteins associated with the epithelial-mesenchymal 
transition (EMT) process is essential for the development 
of effective diagnostic approaches to breast cancer with the 
perspective of diagnosing and treating malignancies (Neagu 
et al. 2019). EMT is characterized by the downregulation of 
epithelial markers and the upregulation of the mesenchymal 
markers. Of the known breast cancer markers, attention 
has been drawn to vimentin (VIME), which is a marker of 
the mesenchymal phenotype (Satelli and Li 2011) as well 
as CD44, which is a transmembrane glycoprotein of which 
expression is associated with resistance to therapy and 
poorer prognosis of many cancers (Ahrens et al. 2001; Li et 
al. 2007). Both proteins are expressed in a large number of 

variants resulting from their posttranslational modifications 
(phosphorylation, glycosylation, glycosaminoglycanation). 
Because alternative splicing and posttranslational modifica-
tions generate many different sequences, including, perhaps, 
tumor-specific sequences, the production of anti-tumor-
specific agents may be a realistic therapeutic approach (Eibl 
et al. 1995). 

CD44 overexpression is a characteristic marker for tu-
morigenic cancer cells (TCC) population of breast cancer 
(Al-Hajj et al. 2003), colon (Dalerba et al. 2007), pancreas 
(Li et al. 2007) and prostate (Collins et al. 2005). To date, 
a number of other TCC markers have been described that 
are associated with tumorigenicity, strain, apoptosis, and in-
vasiveness. In many cancers, high levels of CD44 expression 
are not always associated with adverse outcomes (Chen et al. 
2018). Current findings have shown that different variants 
of CD44 are expressed in human tumors and the prognosis 
can be estimated according to the type of isoform. Various 
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research groups analyzing the same neoplastic disease came 
to conflicting conclusions about the correlation between 
CD44 expression and disease prognosis, probably due to 
differences in methodology (Eibl et al. 1995; Naor et al. 
2002). These problems need to be solved and further studies 
are needed to determine the prognostic value of CD44 and 
its variant isoforms. 

MDA-MB-231, a triple-negative breast cancer model, was 
used in this study to evaluate and compare membrane and 
cytoplasmic proteins after retinoic acid isomer treatment. 
Proteins were extracted using a commercially available kit, 
separated on SDS-PAGE, and characterized by MALDI-
TOF/TOF MS/MS.

The cancer cell culture was purchased from the HPACC 
(Salisbury, Great Britain). Cells were grown and passaged 
routinely as monolayer culture. For experiments, the cells 
were seeded into Petri dishes (6 cm diameter, TPP, Switzer-
land) at 1.2×106 cells/dish density in Dulbecco´s modified 
Eagle´s medium (DMEM) supplemented with 10% fetal 
bovine serum (FBS), antibiotics (penicillin, streptomycin, 
gentamicin) and treated for 48 h with 1 μmol/l all-trans 
retinoic acid (ATRA) in a humidified atmosphere of 5% 
CO2 and 95% air at 37°C. A stock solution of ATRA was 
originally dissolved in ethanol, and an equal volume of 
ethanol (final concentration <  0.02%) was added to the 
control cells. Then cells were washed twice with ice-cooled 
PBS. The sequential protein extraction was made according 
to an instruction manual of ReadyPrep™ Protein Extraction 
Kit Bio Rad. 

Proteomic analysis of membrane proteins is challenged 
by the protein solubility and detergent incompatibility with 
MS analysis. Here, we used the ReadyPrep protein extrac-
tion kit which is a simple, rapid, and reproducible method to 
prepare protein fractions highly enriched in the membrane 
and cytoplasmic proteins. This approach makes it possible 
to reduce the complexity of the sample in order to improve 
the chances of identifying low-occurring proteins and to 
simplify proteomic studies. The advantage of this procedure 
is that the kit does not require the use of ultracentrifugation 
which is commonly used for these purposes. The fractiona-
tion protocol used in this work involved a  separation of 
membrane proteins using Triton X-114 detergent (Bordier 
1981; Santoni et al. 2000a, 2000b). The sample was homog-
enized in the membrane protein extraction buffers and 
incubated at 37°C and centrifuged. The resulting sample 
was divided into two phases, an upper aqueous phase (cy-
toplasmic) and a lower detergent-rich phase (membrane). 
Both protein fractions, hydrophobic and hydrophilic parts, 
were purified using the ReadyPrep™ 2-D Cleanup Kit by 
Bio-Rad for further analyses and gel electrophoresis sepa-
ration. The purification procedure resulted in quantitative 
precipitation and protein concentration in the sample 
while reducing the amount of salts and other substances 

from the isolation procedure. The final protein pellets after 
each precipitation step were dissolved in a Laemmli sample 
buffer and ready for use in gel electrophoresis. After briefly 
being boiled (10 min, 95°C) in a water bath, samples were 
applied onto the 12% SDS gel. Separations were performed 
at constant voltage 140 V. The visualization was carried out 
using Coomassie Brilliant Blue G-250 dye. Stained protein 
bands were excised from the gel and digested (after reduc-
tion with 10 mM dithiothreitol and subsequent alkylation 
with 55 mM iodoacetamide) with trypsin (digestion buffer: 
50 mM NH4HCO3, 5  mM CaCl2, 12.5 ng/μl of enzyme) 
overnight at 37°C. The resulting tryptic peptides were ex-
tracted from the gel by 0.1% trifluoroacetic acid (TFA) and 
acetonitrile (1:1, v/v). For mass spectrometric analyses, the 
extracts were purified by ZipTip C18 (Millipore). A solution 
of α-cyano-4-hydroxycinnamic acid (10 mg/ml in acetoni-
trile/0.1% TFA, 1:1, v/v) was used for both MS and MS/MS 
analysis of peptides. MALDI MS experiments in positive ion 
reflectron mode were performed on AB SCIEX TOF/TOF™ 
5800 System (AB SCIEX, Framingham, MA, USA) equipped 
with a  1  kHz Nd:YAG laser. Acquired mass spectra were 
processed using 4000 Series Explorer software and the data 
were submitted to the Mascot database searching. Protein 
identifications were assigned using the SwissProt database 
with taxonomy restriction to Homo sapiens. Maximum 
tolerance for peptide masses, as well as fragment error, was 
set to 0.6 Da. Additional parameters used: enzyme trypsin; 
allowed missed cleavages: up to one, fixed modification: 
carbamidomethyl, no variable modification; peptide charge: 
+1; monoisotopic masses; instrument MALDI-TOF/TOF.

In this work, we analyzed and compared the protein 
profiles of the membrane and cytoplasmic fractions of MDA-
MB-231 cells after treatment with ATRA. 

Our previous studies have shown that the natural retinoid 
ATRA, a cognate ligand of nuclear retinoic acid receptors 
(RARs), is a promising agent that affects the proteomic pro-
file of cancer cells (Flodrova et al. 2015, 2017). ATRA belongs 
to a class of retinoids that are known to have a wide range 
of functions (Alizadeh et al. 2014). Breast, lung, prostate, 
ovarian, bladder, and skin cancers have been demonstrated 
to be suppressed by ATRA (Chen et al. 2014). ATRA is 
known for several decades for its therapeutic effects due to 
antiproliferative and apoptosis-inducing action, and thus to 
act in the treatment or prevention of cancer (Carlberg et al. 
1993). Furthermore, they inhibit carcinogenesis and sup-
press tumour growth and invasion in various tissues (Shi et 
al. 2019), which was the main reason, why ATRA has been 
used in our studies. The presented study consists of several 
aims: i)  to perform a basic comparison of the membrane 
and cytoplasmic fractions of MDA-MB-231 cells based on 
SDS-gels protein profiles; ii) to identify the major proteins 
related to EMT; iii) to quantify VIME and CD44 after treat-
ment of ATRA. 
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First, we compared the membrane and cytoplasmic frac-
tions of both control cells and cells after treatment. Figure 
1A shows the protein profiles of the non-treated (control) 
fractions. Visual inspection of the protein pattern indicated 
that the membrane and the cytoplasmic fraction share some 
similarities. On the other hand, significant differences in the 
electrophoretic profiles of both fractions were observed at 
molecular weights of approximately 30–50 kDa (Fig. 1A, B). 
In addition, considerable changes between fractions after 
treatment in the higher molecular masses (80–110 kDa) 
were observed (Fig. 1B). The bands showing differences be-
tween fractions were cut off and used for further proteomic 

evaluation including gel tryptic digestion, MALDI-TOF 
MS. Additional MS/MS analysis of individual peptides and 
following database searching resulted in the identification 
of the proteins summarized in Table 1 and Table 2. Selected 
important proteins are indicated on the SDS gels and are also 
listed in bold in the tables.

Among proteins with regard to EMT, of importance are 
predominantly VIME and CD44. As expected, these well-
known human breast cancer markers were identified in mass 
area about 55 kDa (VIME) and about 85 kDa (CD44) in our 
experiment. In addition, a high molecular weight form of 
VIME (VIME HMW) has also been identified, the occur-

Figure 1. SDS-PAGE separation of the membrane and 
cytoplasmic proteins of MDA-MB-231 cells. A. Non-
treated sample (control sample). B. Sample after 48-h 
treatment with ATRA. The bands showing differences 
between fractions were cut off and used for further 
proteomic evaluation including gel tryptic digestion, 
MALDI-TOF MS. Selected important proteins are 
listed on the SDS gel and are shown in bold in the 
tables. MW, molecular weight.
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rence of which may explain its ability to form a dimer and 
possible modifications (Qin and Buehler 2010).

For deeper analysis, the obtained 1D maps were pro-
cessed by PDQuest software™ and compared with a focus 
on quantitative and qualitative changes. The changes were 
monitored in the control samples and the samples after 
treatment. The comparative data were obtained from three 
independent replicates from each sample (control and ATRA 
treated) where the chosen spots were used for the pairwise 
comparisons of relative protein amount. The quantification 
of chosen proteins in spots was then expressed as the sum 
of pixel intensities in a given spot. To eliminate some of the 
image differences caused by the gel staining and de-staining 
process, the normalization between individual gel images 
was performed. Obtained data based on PDQuest software 
analyses were presented as mean ± SD (standard deviation) 
from three independent experiments. Statistical analyses 
were performed with Student’s t-test. Differences between 
more than two groups were assessed by one-way analysis 
of variance (ANOVA) followed by the Student Newman-
Keuls method. Differences with p < 0.05 were considered as 
statistically significant.

Based on the results obtained, the identified proteins were 
compared according to their expression influenced by ATRA. 
Significant effects were seen mainly in VIME as well as in its 
HMW form, where the protein levels in the membrane and 
cytoplasmic fraction were almost completely suppressed after 
treatment with ATRA (see Fig. 2). 

The reduction effects of ATRA were also visible in cases of 
CD44. The obtained PDQuest data report the most signifi-
cant decrease of cytoplasmic CD44 level for treatment by the 

ATRA, where the amount of protein was almost impossible 
to identify. However, this finding does not correspond to the 
results obtained with membrane CD44 of which concentra-
tion was decreased only partially (Fig. 2). 

Recently, several types of treatment with ATRA were 
carried out on the cell lysis of human triple-negative MDA-
MB-231 cells. ATRA, 9-cis retinoic acid, and a mixture of 
these two retinoic receptor ligands were tested by Flodrova 
et al. (2017). The treatment of MDA-MB-231 cells with 
triorganotin compounds together with ATRA resulted in 
an additional reduction of annexin 5, nucleoside diphos-
phate kinase B and VIME (Strouhalova et al. 2019, 2020). 
In this work, the hypothesis of these studies which stated 
that ATRA led to a significant reduction in VIME as well as 
CD44 protein level was confirmed. Moreover, our findings 
verified that although alternative splicing can produce a large 
number of different isoforms of CD44, they all retain a com-
mon transmembrane and cytoplasmic domain (Thorne et 
al. 2004) and therefore it is important to study its presence 
in both the membrane and cytoplasmic fractions obtained 
by sequential protein extraction. 

In conclusion, this work provides first insights into the 
presentation of VIME and CD44 in the cytoplasmic and 
membrane protein fraction in the MDA-MB-231 cells after 
ATRA treatment. Some types of cancer can become more 
invasive and malignant after undergoing the EMT process. 
VIME is one of the types of protein markers of EMT that 
is present in mesenchymal cells and is involved in cancer 
progression (Kalluri and Weinberg 2009; Zeisberg and 
Neilson 2009). Also, some findings suggest that CD44 may 
provide some growth benefits to some neoplastic cells and 
therefore could be used as a cancer treatment target (Naor 
et al. 1997). We are convinced that the present data can 
help reveal additional aspects of the mechanism of action 
of all-trans retinoic acid in breast cancer, which we consider 
a highly desirable.
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