Unique Cohorts of Salivary Gland Cancer Cells as an in-vitro Model of Circulating Tumor Cells.
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Abstract
The characterization of circulating tumor cells (CTC) and circulating tumor microemboli (CTM)
has emerged as both a challenge to the standard view of metastasis, and as a valuable means for
understanding genotypic and phenotypic variability shown even within the same cancer type.
However, in the case of salivary gland neoplasms limited data are available for the role that
CTCs and CTMs play in metastasis and secondary tumor formation. In response to this, we
propose that similarities between in vitro clusters of cultured salivary gland cancer cells may act
as a surrogate model for in vivo CTCs and CTMs isolated from patients. Using techniques in
immunofluorescence, immunoblotting, and 2-dimensional migration, we isolated and
characterized a group of cohort cells from a commercially available cell line (HTB-41). Here
cells exhibited a hybrid phenotype with simultaneous expression of both epithelial and
mesenchymal markers (E-cadherin, vimentin, and α-SMA). Cohort cells also exhibited increased
migration in comparison to parental cells, thus making these isolated cell clusters a potential in
vitro model of CTCs and CTMs.
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Introduction
Salivary gland (SG) cancers comprise an exceedingly diverse group of tumors, often affecting
both minor (labial, buccal, palatine, lingual) and major salivary glands (parotid, submandibular,
sublingual). This diversity with respect to origin and pathology generates a multitude of
pathophysiological variations, resulting in challenges to prompt diagnosis and subsequent
obstacles in disease management [1, 2]. For localized SG cancers, the standard treatment is
surgical excision or surgery in conjunction with adjuvant radiation therapy [3]. Diagnosis of the
disease at later stages or advanced grades increases the likelihood of primary tumor metastasis
[3-5]. This leads to the fundamental challenge of treating SG cancers due to the variable
genotypic traits and phenotypic behaviors presented by each histologic subtype [6]. The presence
of cells within a tumor that could predispose to enhanced metastasis have been identified. These
cells are either seen as circulating tumor cells (CTCs) or when present as clusters in the
peripheral blood of cancer patients, are referred to as circulating tumor microemboli (CTMs).
CTCs originate when cells detach from the primary tumor or even from a metastatic site to
invade the blood circulation, thus playing a critical role in cancer progression.
Growing evidence suggests that CTCs possess distinct phenotypic and molecular characteristics
allowing for enhanced metastatic and migratory abilities [7]. The multicellular CTM clusters
typically have been reported to be comprised of 2 ≥ 100 cells, with or without tumor-associated
cells. These multicellular clusters correspondingly have high levels of heterogeneity and variable
morphological appearances [7-10]. In addition to heterogeneity within the clusters, CTMs appear
to also have increased metastatic potential and therapeutic resistance when compared to
individual CTCs, and their presence greatly reduces progression-free survival time of patients
[11-15]. Cells within CTMs show reduced apoptosis, increased resistance to anoikis, and
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retention of cell-cell junctions. CTCs and CTMs also have the ability to “self-seed” or have
increased association with stromal and circulating cells [16-18]. This problem is therefore a
major area of cancer research to isolate and characterize both CTCs and CTMs, in order to
identify molecular mechanisms associated with different stages of metastasis. Although both
CTCs and CTMs have been observed and characterized in patient samples from several types of
epithelial cancers (breast, colorectal, prostate, and lung), limited data are available for these
unique cell groups in SG cancers [19-26]. In one study, CTCs and CTMs from ten metastatic
adenoid cystic carcinoma (ACC) patients were isolated and characterized, while another study
focused on CTCs from a single patient with salivary duct carcinoma [27, 28]. In addition to the
limited SG cancer patient data available, there is also minimal data evaluating the phenotypic
and genotypic traits of in vitro models of SG cancers to identify CTC markers [29, 30].
In the present study, we investigated a salivary gland mucoepidermoid carcinoma cell line (HTB41) for isolation and characterization of cultured cell cohorts/clusters to mimic CTCs in vitro,
with specific emphasis on quantification of cell-cell adhesion, epithelial-mesenchymal transition
markers, and migratory ability.
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Materials and Methods
Human Cell Lines
A submaxillary salivary gland cancer cell line HTB-41 (A-253) was purchased from the
American Type Culture Collection (Manassas, VA). HTB-41 cells were aseptically cultured in
McCoy’s 5A growth media (Corning Cellgro; Manassas, VA) and supplemented with 10% Fetal
Bovine Serum (FBS) and 1% penicillin/streptomycin/amphotericin. Cultures were maintained in
5% CO2 atmosphere at 37o C. Culturing conditions for the cohort subculture lines (CTC mimics)
were identical to the HTB-41 cell line.
Cohort Cell Isolation (CTC mimics)
Cohort cell lines were subcultured from the HTB-41 cancer cell line. A single HTB-41 100 mm
plate culture was grown to 100% confluence and a paper grid was placed on the bottom of the 10
mL culture plate (Fig. 1). Cells were examined under a light microscope and after 120 hours of
growth, areas of multi-layered growth were noted according to which grid block they were found
in. Cells from within these selected grid blocks were then subcultured into individual 100 mm
plates.
Immunofluorescence
HTB-41 cancer and cohort cells (CTC mimics) were aseptically grown on tissue culture grade
glass coverslips in sterile 12-well plates. Cells were allowed to reach 60% confluence with
subsequent fixation in 3% paraformaldehyde, and processed for immunofluorescence (IF) and
confocal imaging. Fixed cells were permeabilized in 0.2% Triton X-100 and blocked with a
10% blocking solution for 1 hour. Cells were incubated overnight at 4o C in anti-: β-catenin, Ecadherin, vimentin, and α-SMA antibodies (1: 100; Santa Cruz Biotechnology; Santa Cruz, CA).
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Following thorough washes using 1x PBS, donkey anti-mouse or anti-rabbit secondary
antibodies (1: 200; Dylight 488; Jackson ImmunoResearch Laboratories; West Grove, PA) were
used to tag the proteins of specific interest. Cells were incubated with Rhodamine Phalloidin
(1:50; Cytoskeleton; Denver, CO) for 30 minutes to visualize the actin cytoskeleton. Coverslips
were mounted with a medium containing 4’,6-diamidino-2-phenylindole (DAPI) for nuclear
counterstain (ProLong Gold; Life Technologies; Grand Island, NY). IF images were acquired
using a confocal microscope (Olympus FluoView FV300; Leeds Precision Instruments;
Minneapolis, MN). Experiments were repeated in triplicate.
Western Blotting
HTB-41 cancer and cohort cells (CTC mimics) were aseptically cultured in 100 mm culture
plates until 90% confluence was reached. Total protein extraction for all cell lines was carried
out using a mammalian protein extraction reagent (M-PER; Thermo-Scientific/Pierce; Rockford,
IL). Quantification of total protein was carried out using a bicinchoninic acid assay (BCA;
Thermo-Scientific/Pierce; Rockford, IL) with equal amounts of protein being resolved by 10%
SDS-PAGE under reducing conditions. After electrophoresis, proteins were electrotransferred
onto nitrocellulose membranes (Bio-Rad; Hercules, CA), and blocked with 5% non-fat milk in
1x PBS and probed with anti-: β-catenin, E-cadherin, vimentin, alpha smooth muscle actin (αSMA), and tubulin antibodies (1: 10,000; Santa Cruz Biotechnology; Santa Cruz, CA). Either
horseradish peroxidase (HRP) conjugated horse anti-mouse or goat anti-rabbit IgG were used as
secondary antibodies (1: 20,000; Cell Signaling Technology; Danvers, MA). Chemiluminescent
visualization was carried out using Clarity Western ECL (Bio-Rad, Hercules, CA) as the
substrate for HRP detection.
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2-Dimensional Cell Migration Assay
HTB-41 cancer and cohort cells (CTC mimics) were grown to 90% confluence on tissue culture
grade glass coverslips in sterile 6-well plates. A uniform “scratch” was created in a straight line
using a sterile micropipette tip on Day 0. Cells were gently washed with 1x PBS to remove any
debris, with growth media being replaced for each respective cell line, and incubated at 37o C in
a 5% CO2 environment. Starting at Day 0, images of the “scratch” were acquired from the same
field every 24 hours, using an inverted microscope (Nikon Eclipse E600; Nikon; Melville, NY),
until the “scratch” was completely eliminated by migrating cells. Experiments were repeated in
triplicate.
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Results
E-cadherin and β-catenin show increased localization at the cell membrane in cohort cells
Immunofluorescence studies against E-cadherin and β-catenin were carried out in HTB-41
cancer and cohort cells (Figs. 2 and 3). In HTB-41 cancer cells, prominent distribution of Ecadherin within the cytoplasm was observed (Fig. 2A’ and 2A”’). As expected, this distribution
was diffuse across the entire cytoplasm, with limited expression at cell-cell junctions. In contrast,
the cohort cells presented with increased redistribution of E-cadherin from the cytoplasm to the
membrane (Fig. 2B”’). Robust intracellular localization of β-catenin was observed in cancer cells
(Fig. 3 A’ and 3A”’). Within some cells, nuclear translocation was seen, although this was not
the prevalent presentation that was observed (data not shown). Within the cohort cells, β-catenin
presented with a redistribution from the cytoplasm with more presentation along the cell
membranes (Fig. 3B’ and B”’).

E-cadherin and β-catenin in cohort cells are present at higher levels than the parental HTB-41
cell line
Western blot and optical density analysis to evaluate overall levels of E-cadherin and β-catenin
expression supported the IF data. E-cadherin expression in the HTB-41cohort cells had an
optical density near 250,000, while expression in HTB-41 cells exhibited a lower expression
(~50,000; Fig. 4). In contrast to E-cadherin, β-catenin expression was inverse for both cell lines.
A higher optical density of ~150,000 was observed in HTB-41 cancer cells, with the cohort line
showing a much lower value (~80,000; Fig. 4).
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Expression of mesenchymal proteins is decreased in cohort cells
Immunofluorescence studies against α-SMA and vimentin were also completed in HTB-41
cancer and cohort cells (Fig. 5). As typically seen in cancer cells, strong α-SMA expression was
evident in the cytoplasm and along the cell membranes of HTB-41 cancer cells (Fig. 5A’, A’”),
while decreased expression of α-SMA was seen in cohort cells as compared to cancer cells (Fig.
5B’, B”’). Vimentin expression was observed to be robust in HTB-41 cells, while expression
was very similar in the cohort (Fig. 6).

Vimentin and α-SMA are expressed at a lower level in cohort cells
Analysis by western blot and optical density showed that vimentin expression in the cohort cells
had a lower optical density (300,000) when compared to the parental HTB-41 cancer cells
(700,000). Similarly, optical density of α-SMA in cohort cells was also lower, but within the
standard deviation for the HTB-41 cells (100,000 and 250,000 respectively) (Fig. 7).

Cohort cells presented with an increased migratory ability when compared to parental cells
A 2-dimensional gap/wound closure assay was carried out to evaluate the migration of cohort
cells in comparison to parental HTB-41 (Fig. 8). Complete closure of the induced gap/wound
was observed at Day 1 for the cohort line and Day 3 for the HTB-41 line. Essentially, cancer
cohort cells migrated at an increased rate when compared to parental cells, closing a gap/wound
of ~2.0 mm 48 hours faster.

9

Discussion
The majority of cancer related mortalities are the result of metastasis [31]. While this conclusion
has remained unchanged, the understanding of the initiation of secondary tumors has progressed.
Rather than the ideology that only dissemination of individual cancer cells that are shed from a
primary tumor causes formation of new lesions, multicellular cohorts are now perceived to also
be involved in the process of metastasis [32]. This however, is not a new concept as it has been
previously reported by Zeidman and Fidler that metastasis is correlated to number, size, viability,
and dispersal route of CTCs [33,34]. These same associations with clinical outcome have
recently been observed in colorectal, breast, lung, liver, pancreatic, gastric, and head and neck
neoplasms [35-46]. However, as previously mentioned, limited data are available for CTC
association with neoplasms originating from the salivary glands. Of the two reports found at the
time of this writing, 10 patients with ACC were evaluated by Metcalf et al. for CTCs using
markers for epithelial cell adhesion molecules, vimentin and cytokeratin [27]. Metcalf et al. were
able to isolate CTMs and CTCs with epithelial, mesenchymal, and hybrid phenotypes. In the
second study, Cappelleti et al. reported using CTC detection in a single patient with salivary duct
carcinoma as a means for tailoring treatment and improving early detection [28]. Similarly, SG
cancer in vitro data are also insufficient for evaluating CTC markers [29,30]. ACC was
investigated in both cited studies for either expression of the epithelial marker cytokeratin-14 or
for establishment of a tumor cell-cultured xenograft model. Thus, a paucity of studies that
evaluate CTCs in SG cancer types is noted.
An abundance of evidence supports the idea that β-catenin is associated with cell-cell adhesion
and transcriptional regulation [47,48]. Under normal circumstances β-catenin is rapidly degraded
through the axin, adenomatous polyposis coli (APC), casein kinase-β (CK1β), glycogen synthase
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kinase-3β (GSK3β) destruction complex when not bound to E-cadherin [49,50]. While β-catenin
uses the same interface to engage both E-cadherin and the nuclear transcriptional molecule T-cell
factor (TCF), it binds preferentially with cadherins, setting a baseline threshold for
transcriptional activation [51]. However, changes in expression of E-cadherin, β-catenin, or the
destruction complex caused by mutation or other signaling molecules can lead to tumor
progression, metastasis, and more invasive cancer phenotypes [52-55]. This usually occurs
through accumulation of β-catenin within the cytoplasm followed by subsequent nuclear
translocation and displacement of the transducing-like enhancer of split (TLE)/ Groucho
repression complex. Consequently, increased gene activation within the cancer cells occurs and
causes the observable phenotype. Increased expression of β-catenin in CTCs has also been
observed. In patients with metastatic colorectal cancer resistant to 5-fluorouracil, Satelli et al.
observed overexpression of β-catenin with preferred nuclear localization in isolated CTCs [56].
Correspondingly, in their primary cancer cell spheroid model, they also observed increasing
nuclear accumulation correlating to a more invasive phenotype. Similar findings were observed
in early stage lung cancer patients where over-expression of β-catenin was detected in both
patient tumors and isolated CTCs when compared to healthy controls [57]. In hepatocellular
carcinoma, CTCs were predominantly epithelial when released from the primary tumor but
started to undergo Smad2/ β-catenin directed epithelial to mesenchymal transition (EMT) during
circulation [58]. Cytoplasmic and nuclear β-catenin accumulation have also been described as
potential cancer stem cell biomarkers in CTCs [59]. Furthermore, positive cellular recognition of
β-catenin in CTCs was also observed in metastatic castration-resistant prostate cancer, early
stage breast cancer, pituitary adenomas, inflammatory breast carcinoma xenograft, and mouse
colorectal cancer [60-65].
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While it is not currently known what exact role β-catenin plays in SG cancer CTCs, this protein
has been associated with both benign and malignant SG cancer phenotypes [66-78]. More
specifically, predominant cytoplasmic or nuclear localization of β-catenin was reported to
contribute to aggressive behavior, invasiveness, poor differentiation, and decreased patient
survival [66, 71, 74, 78]. As shown in our immunofluorescence experiments, β-catenin was
predominately observed in the cytoplasm for HTB-41 cancer cells while membrane
redistribution occurred in cohort cells. Furthermore, cohort cells exhibited an overall reduction in
β-catenin expression levels with localization that appeared to circumscribe the cell border, and
had increased aggregation at cell-cell interfaces. These findings are consistent with β-catenin
localization in other reported studies of SG cancers [79-81]. Moreover, changes in localization
and expression may suggest a quasi-mesenchymal or migratory state [57].
In addition to β-catenin, we also characterized the expression and localization of other molecules
(E-cadherin, vimentin, α-SMA) associated with EMT-like changes [82-84]. The classical
representation of EMT is the loss of cell-cell junctions and polarity, with gain of migratory and
invasive properties. Typically, this is accomplished through genetic and epigenetic
transcriptional regulation which causes an overall change in expression of epithelial and
mesenchymal markers [85]. In SG cancers, loss of E-cadherin has been associated with more
undifferentiated, invasive, or metastatic epithelial tumors [86-90]. However, this trend is not
consistent across all studies, as Furuse et al. showed loss of E-cadherin expression was not
associated with greater invasive potential in the tumor types studied [78]. The most likely
explanation for this inconsistency is the variable expression of E-cadherin across SG cancer
types as reported in other studies [77-91]. Our data show E-cadherin expression is elevated and
localized at cellular adhesion sites between cells when comparing the parental and cohort lines.
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While these findings are in contrast to the classical EMT process, retained E-cadherin expression
in mucoepidermoid carcinomas has been previously described [88, 91-93]. Furthermore,
Armstrong et al. reported co-expression of epithelial proteins and mesenchymal proteins in
prostate and breast cancer CTCs suggesting an intermediate state to either an epithelial or
mesenchymal state [93]. Additionally, re-expression of E-cadherin in breast and prostate cancer
cells has been associated with increase in metastatic cell survival [94]. Our data seem to indicate
that the cancer cohort cells exist in a transitory stage between epithelial and mesenchymal-like
characteristics that promote migratory characteristics in them.
In contrast, vimentin and α-SMA are cytoskeletal markers often associated with more
mesenchymal phenotypes [82]. This general association is supported in SG cancers as well,
where increased expression of both vimentin and α-SMA have been linked to EMT, disrupted
cellular organization, tumor distribution, and reduced survival [95-98]. Interestingly,
mucoepidermoid carcinomas (MECs) are typically reported to be negative for α-SMA
expression, although there is some variability [96, 99-100]. This is at odds with our analysis as
both the HTB-41 parental and cohort lines showed expression along the cell margins, although
the level of expression was significantly decreased in the cohort cells. This observed lack of
expression in prior studies may be accounted for by comparison of tissue samples rather than
tumor transplants or cultured cells [101]. Conversely, we speculate that the potential expression
of tumor protein 53 (TP53) in our cells could induce α-SMA expression as shown in myeloid
leukemia and breast cancer cells [102-103]. This idea is further supported by Kang et al. where
mutations of TP53 were found to be both common and correlated with an overall increase in
gene mutations in MECs [104]. Similarly, vimentin has been associated with tumor growth in
some MECs [100, 105]. Vimentin when present is usually co-localized with other cytoskeletal
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structures within the cell [106]. Interestingly, our findings show vimentin expression as
disorganized clumps within the cytoplasm as compared to the more punctate representation seen
in parent HTB-41 cells. One explanation for this observance could be the nuclear localization of
β-catenin that was observed in some of the parental cells. In the breast cancer cell line MCF10A,
it was reported by Gilles et al. that nuclear redistribution of β-catenin can lead to upregulation of
the vimentin promotor in invasive/migratory cells [107]. Similarly, in the metastatic MEC cell
line YD15M, it was observed that upregulation of vimentin correlated with an increase in βcatenin nuclear localization, and knockdown of vimentin increased membrane extension with
potential reorganization of the cytoskeleton [106, 108]. These same morphological traits were
indirectly shown in HTB-41 cells by Chen et al. where it was observed that invasive subclones
presented with a mesenchymal like morphology, having increased filopodia and lamellipodia, Ecadherin downregulation, and vimentin upregulation [109]. Thus, our cohort line presents as a
more epithelial-derived line with clustered growth when compared to parental cells or sublines
reported from the Chen et al. study.
The typically held view is that mesenchymal-like cells are more mobile. Our cohort cells
migrated 48 hours faster than the parental cells closing a similar sized gap. Under conventional
reports, increased expression of mesenchymal markers (i.e. vimentin and α-SMA) would lead to
a more aggressive, migratory, and/or invasive cell [82-85]. However, many invasive carcinomas
have retained E-cadherin expression suggesting that mobility is not precluded by its presence
[110]. Control of cadherin expression alters adhesive activity at the cell surface thereby
controlling epithelium formation, and allowing for the potential of collective migration [111,
112]. Through a positive feedback loop with Rac and actin assembly, E-cadherin is able to
stabilize directional protrusion and movement between more motile and polar cells allowing for
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clustered chemotaxis [113]. In a study of pancreatic cancer by Liu et al., tumor invasion was
accelerated rather than inhibited by ectopic expression of E-cadherin [114]. Furthermore,
reduced expression of E-cadherin can lead to a diminished capacity of SUM149, Mary-X, and
4T1 tumor cells to grow in vivo, through reduced adaptability to the microenvironment [115,
116]. Loss of E-cadherin may also cause changes in interactions between neoplastic and normal
epithelial cells, thus making it an important biomolecule for metastasis of certain cancer types
[117].
CTCs in clusters preserve strong cell-cell connections associated with the abundance of cells
with epithelial and/or epithelial and mesenchymal like traits [8, 16, 58]. This composition
indicating heterogeneity and/ or plasticity among cells within the collective is thought to
contribute to a higher metastatic potential and therapeutic resistance relative to single CTCs. One
prospective reason for this higher potential is the ability of clustered cells to undergo rapid and
reversible unfolding into single-file chains through modulation of intercellular adhesions within
capillary sized vessels [118]. Maintaining an epithelial- mesenchymal plasticity may also
increase the interaction with endothelial and other cancer-associated cells (fibroblasts, platelets,
immune cells, etc.) during early and late stages of metastasis [119]. This is specifically shown by
Labernadie et al. where impairment of E-cadherin/N-cadherin between cancer cells and cancerassociated fibroblasts (CAF) lead to abrogation of guided migration and cancer cell invasion
[120].
Similar to May et al., we believe that an in vitro model of clustered cells can serve as surrogate
for comparison to in vivo CTCs and CTMs [121]. Based on our results we have isolated
heterogeneous sublines of HTB-41 cancer cells that simultaneously express both epithelial and
mesenchymal markers. These isolated cells present with a more epithelial-like phenotype and
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morphology based on visual appearance and expression levels of β-catenin, E-cadherin,
vimentin, and α-SMA. Conversely, these cells also migrate at a much faster rate than their more
mesenchymal-like predecessor, most likely through clustered migration. Thus, we believe our
HTB-41 cohort lines represent a group with epithelial-mesenchymal plasticity or a unique cluster
of cells with a hybrid epithelial/mesenchymal phenotype. This hybrid phenotype is characterized
by the coexistence of both epithelial and mesenchymal markers in cancer cells, allowing for
adaptability to different microenvironments during translocation [84, 122-124]. While this hybrid
phenotype may be less migratory/invasive when existing as solitary cells, an established cohort
may be able to circumvent different inhibitory phases during metastasis, thereby allowing for
maximum colonization at secondary tumor sites [125]. Nonetheless, further studies are required
to verify if all of the cells within our cohort lines simultaneously express epithelial and
mesenchymal markers or whether the cohorts are composed of individual mesenchymal and
epithelial like cells. Furthermore, these cohort groups will also need to be analyzed to confirm if
these epithelial/ mesenchymal cohorts lead to increased metastasis in vivo or confer any
enhanced adaptability for survival.
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Conclusion
This study reports a group of epithelial/mesenchymal-like cells isolated from a mucoepidermoid
salivary gland cancer cell line that may serve as a surrogate for salivary gland CTCs and CTC
clusters in vitro. These isolated cells form aggregate groups with enhanced migration
capabilities, and expression of molecules associated with epithelial and mesenchymal transitions
(β-catenin, E-cadherin, vimentin, and α-SMA) similar to that seen within in vivo CTC clusters.
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Figure 1

Figure 1. Diagrammatic representation of grid used for subculturing cohort cell populations.
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Figure 2

Figure 2: E-cadherin expression in cohort cells vs parental HTB-41. Salivary mucoepidermoid
carcinoma HTB-41 and cohort cells were analyzed for expression and localization of E-cadherin
using immunofluorescence. In HTB-41 cells there was noticeable dispersal of E-cadherin across
the entire cytoplasm with more limited expression at cell-cell junctions. In cohort cells, Ecadherin was localized predominately to the cellular membrane with some cytoplasmic
distribution. Scale bar = 5 µm.
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Figure 3

Figure 3: β-catenin expression in cohort cells vs parental HTB-41. Salivary mucoepidermoid
carcinoma HTB-41 and cohort cells were analyzed for expression and localization of β-catenin
using immunofluorescence. Scale bar = 5 µm. In HTB-41 cells β-catenin had a robust expression
within the cytoplasm, whereas in cohort cells, a distinct membrane expression was seen. Scale
bar = 5 µm.
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Figure 4

Figure 4. Evaluation of E-cadherin and β-catenin expression in HTB-41 and cohort cells in
Western Blot detection. Western blot revealed that E-cadherin levels were elevated, while βcatenin levels decreased in cohort cells as compared to their parental HTB-41 cells. Analyses of
relative band intensities followed by a student's t-test revealed that the change in expression
levels were significant. (*p≤0.001 and **p≤0.005; data expressed as mean ±SD).
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Figure 5

Figure 5. α-SMA expression in cohort cells vs parental HTB-41 cells. In HTB-41 cells, robust
expression of α-SMA was observed, with localization to both the cytoplasm and membrane. In
cohort cells α-SMA was observed more distinctly at cellular margins, co-localizing with actin.
Scale bar = 5 µm.
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Figure 6

Figure 6. Vimentin expression in cohort cells vs parental HTB-41 cells. A cytoplasmic
expression of vimentin with no presence in the membrane was visible in HTB-41 cells, while the
cohort cells showed increased expression of vimentin as cytoplasmic clumps. Some expression
in the membrane was also noticeable in these cells. Scale bar = 5 µm.
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Figure 7

Figure 7. Evaluation of α-SMA and vimentin expression in HTB-41 and cohort cells in Western
Blot detection. Western blot revealed that both α-SMA and vimentin levels were elevated in
cohort cells as compared to their parental HTB-41 cells. Analyses of relative band intensities
followed by a student's t-test revealed that the change in expression levels were significant.
(*p≤0.001; data expressed as mean ±SD).
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Figure 8

Figure 8. Increased migration is observed in HTB-41 cohort cells. HTB-41 parental and cohort
cells were cultured until 90% confluence was reached. A uniform scratch or wound was created
with a sterile micropipette tip on Day 0 (blue dotted line depicts the cell free region). Cells were
imaged every 24 hours post Day 0 (4x magnification). Cohort cells migrated at a faster rate than
parental HTB-41 cells, showing complete wound closure 24 hours earlier.
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