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Abstract

One of the theories regarding oral carcinogenesis is that the tumor growth is dependent on cancer stem cells (CSCs) that have the
capacity of self-renewal and of giving rise to more differentiated tumor cells, like the stem cells do in normal tissues. The most used
methods of CSCs isolation are based on their identification based on the expression of different cell surface markers. The markers
qualified for this purpose have been described originally in studies involving hematopoietic or embryonic stem cells. Thus, we were
interested to study the expression of the most used CSCs surface markers for formalin fixed paraffin embedded tissue samples from oral
squamous cell carcinoma (OSCC). We investigated by immunohistochemistry thirty tissue samples of OSCCs with different degrees of
differentiation and different oral locations. We were interested to establish the tissular localization pattern for cells expressing CD44,
CD133 and CD117 in tumoral samples. The results indicated that with the exception of CD44, the other two surface markers were
expressed only in tumoral stromal cells. When we looked at their origin (by double immunohistochemistry for cytokeratins AE1-AE3,
vimentin and CD34) we concluded that they are of mesenchymal nature. Also, we proved that some of these cells also co-expressed CD44
but were negative for CK5/6. Moreover, some of the stromal cells that were positive to CD133 and especially for CD117 also had reactivity
to tryptase showing their mast cell nature. In conclusion, our study proved that CD44 has limited utility in identifying oral CSCs, while
CD117 and CD133 expression appears to be limited more in identifying mesenchymal stem cells.
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 Introduction
Oral cancer is a major health problem worldwide,
owed to its high incidence and low survival rate, as well
as to the functional and cosmetic deficiencies that
accompany the disease even after the treatment. The
occurrence of oral cancer is particularly high among
men, for whom it is the eighth most common cancer [1–
3]. Between 1999 and 2005, the 5-year survival rate
cited by the National Cancer Institute (NCI) was 63%
for patients with oropharyngeal cancer [4], half of these
new reported cases being diagnosed in advanced stages
[5].
It is recognized that solid tumors, including oral
squamous cell carcinoma (OSCC), are heterogeneous,
due mainly to the ongoing mutations that occur as a
consequence of genetic instability and environmental
factors [6, 7]. More recently, it has been hypothesized
that functional heterogeneity may account for the fact
that not all of the cancer cells in solid tumors have a
similar ability to drive tumor formation [8, 9]. This
observation led to the so called “cancer stem cell
(CSC)” hypothesis, which states that a tumor could be
considered an abnormal organ and behaves in a manner
similar to normal organs development from a stem cell

that drives both tumorigenesis, but also gives rise to a
large population of differentiated progeny cells that
make up the bulk of the tumor but without tumorigenic
characteristics [10].
A commonly employed method for CSCs isolation
consists in sorting them based on cell surface markers
expression. One of the challenging problems in
identification of CSCs is to find those surface markers
that unequivocally characterize such tumor cell
population. Most of the markers used until now for this
purpose are based on the knowledge obtained from
tissue development lineage molecules or are derived
from hematopoietic or embryonic stem cells research.
The two most commonly used surface markers used to
identify CSCs are CD44 and CD133.
CD44 is a cell-surface glycoprotein involved in
cell–cell interactions, cell adhesion and migration. Also,
CD44 is a receptor for hyaluronic acid [11], activating a
variety of receptor tyrosine kinases in many cancer
types [12], through which it drives an increase in the
proliferation and survival rates of tumor cells via
activation of the MAPK and PI3K/AKT pathways [13].
Moreover, CD44 also plays an important role in invasion
and metastasis of a variety of tumor cells [14–16].
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CD133 is a member of pentaspan transmembrane
glycoproteins, which specifically localizes to cellular
protrusions [17], and is expressed in hematopoietic stem
cells, endothelial progenitor cells, glioblastomas,
neuronal and glial stem cells and some other cell types
[18–20]. Although the function of CD133 is not entirely
known, it was proved to be a marker for CSCs in many
solid tumors [21–25].
The purpose of our study was to investigate the
immunohistochemical expression of three surface
markers (CD44, CD133 and CD117) in OSCCs cell
populations and to estimate their utility in identification
of CSCs populations from those cancers.
 Materials and Methods
Tissue processing
Thirty tissue samples of primary OSCC and tumorfree mucosa areas around the tumors were collected
from material archived in the Department of Pathology,
Emergency County Hospital of Craiova from 2008 to
2010.
The clinicopathological features of the patients are
summarized in Table 1.
Table 1 – Clinico-pathological parameters of the
patients included in the study
Clinico-pathological
characteristics
Gender

Age [years]

Topography

T stage

No. of patients
(%)

Male

21 (70)

Female

9 (30)

<60

11 (36.66)

>60

19 (63.33)

Lips

12 (40)

Tongue

8 (26.66)

Oral floor

5 (16.67)

Other
localizations

5 (16.67)

T1

9 (30)

T2

11 (36.66)

T3

7 (23.33)

T4

3 (10)

N0

16 (53.33)

Lymph node
involvement

N1

9 (30)

N2

5 (16.67)

Histological
grade

Well
differentiated
Moderately
differentiated
Poorly
differentiated
Hyperplasia
Mild

Associated
lesions

Dysplasia Moderate
Severe
Normal
epithelium

10 (33.33)
14 (46.67)
6 (20)
5 (16.67)
7 (23.33)
4 (13.33)
3 (10)
11 (36.67)

The study was approved by the local Ethical

Committee, and a written informed consent was
obtained from all the patients or their caretakers.
Processing for immunohistochemistry
Five-micrometer thick sections were deparaffinized
in xylene and rehydrated through a graded alcohol
series, and subjected to single, double immunohistochemistry, and double immunofluorescence using
the antibodies enumerated in Table 2.
Table 2 – Characteristics of used antibodies
Antigen

Clonality

Dilution

CD133

Rabbit, polyclonal

1:100

CD117

Rabbit, polyclonal

1:300

Mouse, IgG1,
CD44
kappa, DF1485
Mouse, IgG1,
CK5/6
D5/16 B4
Mouse, IgG1,
AE1–AE3
kappa
Mouse, IgG1,
VIM
kappa, V9
Mouse, IgG1,
CD34
kappa, QBEnd 10
Mouse, IgG1,
Tryptase
kappa, AA1

1:40
1:200
1:100
1:100
1:50
1:100

Antigen
Source
retrieval
0.1 M Citrate Biocare
pH 6
Medical
0.1 M Citrate
Dako
pH 6
0.1 M Citrate
Dako
pH 6
Tris-EDTA
Dako
pH 9
0.1 M Citrate
Dako
pH 6
Tris-EDTA
Dako
pH 9
Tris-EDTA
Dako
pH 9
0.1 M Citrate
Dako
pH 6

Single immunohistochemistry was performed for
classically stem cells markers: CD133, CD117 and
CD44. Briefly, after antigen retrieval, sections were
allowed to cool to room temperature (RT) and were
incubated for 30 minutes in a 1% hydrogen peroxide
solution.
After a blocking step of one hour in 8% BSA
(Sigma), the slides were incubated with the primary
antibodies for 18 hours at 40C. Next, the signal was
amplified using the LSAB™2 HRP Rabbit/Mouse
detection system (Dako) according to the manufacturer’s
protocol, and detected with 3,3’-diaminobenzidine
(DAB) (Dako). The slides were coverslipped in DPX 14
(Fluka).
Double immunohistochemistry was performed for
CD133, CD117 and respective CD44 in combination
with: (i) anti-CK5/6, intended to locate the CSC in
carcinomatous islands; and (ii) in order to establish the
origin of the CSC, with AE1–AE3 (for the epithelial
origin), VIM (mesenchymal origin), and CD34
(hematopoietic origin).
We used a sequential protocol, first detecting the
stem cells markers according to the protocol outlined
above. After an Avidin–Biotin (Dako) blocking step, we
labeled the tissues for the second primary antibodies
(diluted as specified in Table 2), and amplified with
LSAB™2 AP Rabbit/Mouse system (Dako) according
to the manufacturer’s protocol. Fast Red/NBT (Dako)
substrates were utilized for these second targets.
In addition, to exclude mast cells as a possible
source of false positive interpretations of stem cells, we
used double immunostainings for CD117 and CD133 in
combination with tryptase according to the above
protocol.
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Double fluorescent immunohistochemistry was
performed in order to establish the degree of stem cells
markers colocalization. Anti-CD133 (and respective
anti-CD117) was added first (1:500 or 1:150, for 18
hours at 40C), and the signal was detected with an Alexa
488 labeled goat-anti-rabbit antibody (1:200, 30 minutes,
Invitrogen). Next, the slides were incubated with CD44
(1:30, for 18 hours at 40C) and the signal was detected
with an Alexa 596 labeled goat-anti-mouse antibody
(1:200, one hour, Invitrogen).
For CD133 and CD117 colocalization study, we first
added CD133 in the same conditions as mentioned
above, and then we amplified the signal for 30 minutes
with a peroxidase-based polymer secondary detection
system (Nikirei–Histofine), and visualized after five
minutes development with fluorescein-tyramide (TSA
Plus 1 kit, Perkin Elmer).
The following step was to elute CD133 in a glycine
SDS pH 2 buffer (30 minutes at 500C) and than we
added the CD117, this being detected with an Alexa 596
labeled goat-anti-rabbit antibody (1:200, 30 minutes,
Invitrogen).
All slides were counterstained with DAPI (Invitrogen)
and coverslipped with anti-fade mounting medium
(Invitrogen).
Microscopy and image acquisition
The sections were imaged with an Eclipse 90i
microscope (Nikon; Apidrag, Romania) equipped with a
QImaging Rolera cooled CCD camera and with narrowband fluorescent filters centered for Alexa 594, Alexa
488 and DAPI excitation and emission wavelengths.
Images were captured and analyzed using the
Image ProPlus 7 AMS software (Media Cybernetics Inc,
Buckinghamshire , UK ).
For fluorescence, images were obtained by sequential
scanning of each channel with the specific pair of filters
to eliminate the cross-talk of the fluorophores, and to
ensure a reliable quantification. Next, the fluorescent
images were subjected to a blind deconvolution
algorithm based on a multi-pass, adaptative point
spread function (PSF) subtraction of diffracted light
(Sharp Stack, Media Cybernetics Inc.).
CSC markers expression and its
quantification
Two observers (PD and SA) without any knowledge
of the clinical data performed evaluation of the staining.
Quantitative analysis of the CSC density was
performed by selecting five hot spots (most reactive
areas on the respective slide) at a 10×-objective and
then counting with a 200-fold magnification.
CSC density was defined as the number of labeled
CSCs for each of the three antibodies (CD133, CD117
and CD44) per optical field (an optical field
corresponding to a rectangular examination area of
0.7386 mm2).
All five areas were counted twice and altogether

987

were averaged for each tumor section. This procedure
was repeated for each tumor sample, in the inner tumor
area and at the invading tumor edges.
The degree of CSC markers colocalization was
assessed using the Pearson’s colocalization coefficient
calculated for each fluorescent image in Image-Pro Plus.
Statistical analysis
Data were expressed as average ± standard error of
the mean (SEM). Values within two groups were
compared
by
using
the
paired
Student
t-test.
One-way ANOVA was used to test for differences
between more than two independent groups, and
correlations were analyzed by Pearson’s correlation
statistics.
Significance was defined as a p-value <0.05.
 Results
In the normal mucosa, CD44 was expressed on cells’
plasma membranes for two thirds of its thickness. The
strongest reaction was seen in basal and parabasal layers
and became progressively weaker in the upper granular
layers. The basal cells lacked expression along their
basal surface.
In tumoral tissue, the pattern of reactivity showed
variations depending on the degree of differentiation.
Thus, CD44s expression was higher in welldifferentiated OSCC, with a pattern that resembled that
from normal oral epithelium. The reaction was obvious
at the periphery of carcinomatous islands, with a weak
or negative labelling inside the horn pearls. The pattern
reaction was confined to plasma membrane in a
continuous manner to all cellular borders (Figure 1A).
The intensity of the reaction decreased from well to
moderate and poor differentiated. In the last one, the
reaction was limited to the most outer sheets of
carcinomatous proliferations and the pattern was
discontinuous for plasma membrane, being also
cytoplasmic. The percentage of carcinomatous positive
cells varied from 80–100% in well-differentiated
OSCCs to 60–85% in moderate differentiated OSCCS
and to 40–62% in poor differentiated OSCCs. CD44
was also strongly present on the plasma membrane of
lymphocytic cells that infiltrated the tumoral stroma and
with variable intensity in other stromal cells. The
proportion of CD44 and CK5/6 co-expression in
tumoral tissue was about 36% and the reaction was
confined to the most outer sheets of carcinomatous
proliferations.
Both in normal and tumoral tissues, we did not find
any reaction for CD133. There was no co-expression of
CD133 and CK5/6 both in carcinomatous proliferation
and tumoral stroma. Contrary, in tumoral stroma few
cells co-expressed CD133 and CD44 (Figure 1, B and
C).
The degree of CD133 and CD44 colocalization was
r=0.528±0.038. The reaction was restricted to the cells
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within the tumoral stroma, and its pattern was restricted
to membranes and cytoplasms. This stromal CD133+
pattern was seen both inside and at the invasion front,
closely to carcinomatous proliferation. These cells were
more numerous at the invasion front (2.1/20× vs.
1.7/20×).

The degree of CD133 and CD117 colocalization was
r=0.780±0.084. Investigating the origin of tumoral
stromal CD133+ cells, we found that the majority
were of mesenchymal origin, co-expressing vimentin
(Figure 1, D–F) and very few of epithelial nature.

Figure 1 – Identification of stem cells in the oral squamous cell carcinoma: (A) CD44 positivity on the plasma
membrane of carcinomatous cells; (B–C) CD133 positivity in stromal cell with CD44 coexpression; (D) CD133
positivity in stromal cell without AE1–AE3 coexpression; (E) CD133 positivity in stromal cell without CD34
coexpression; (F) CD133 positivity in stromal cell with vimentin coexpression. Scale bars represent 50 µm.

Regarding CD117 expression, we could not find any
reactivity either in oral normal tissue, nor in the
carcinomatous proliferations. We did not find any
CD117 and CK5/6 co-expression in both carcinomatous

proliferation and tumoral stroma. Some of the CD117+
stromal cells co-expressed CD44 (Figure 2, A and B);
the degree of such colocalization being r=0.639± 0.121.
The reactivity to CD117 was confined to stromal cells,
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many of which were arranged as a barrier near the front
of invasion. The number of CD117+ cells was higher
than CD133+ cells (2.3/20× vs. 1.7/20× inside and
6.7/20× vs. 2.1/20× at the edge). When we investigated
the nature of these CD117+ cells, we found that most of
them were of mesenchymal origin and very few were of
epithelial nature (Figure 2, C–E). As we mentioned
above, some of these CD117+ tumoral stromal cells also
expressed CD133 (Figure 2F).

989

When we investigated the putative CD133 and
CD117 expression at the level of mast cells, we noticed
that many of the supposed stem cells were in fact
mastocytes. Either inside the tumor and at the invasion
front, we observed that at least 50% of CD117+ stromal
cells co-expressed tryptase (Figure 3, A–B). The
percentage of CD133+ stromal cells that co-expressed
tryptase was less than 15% (Figure 3, C–D).

Figure 2 – Identification of stem cells in the oral squamous cell carcinoma: (A–B) CD117 positivity in stromal cell
with CD44 coexpression; (C) CD117 positivity in stromal cell without AE1–AE3 coexpression; (D) CD117 positivity
in stromal cell without CD34 coexpression; (E) CD117 positivity in stromal cell with vimentin coexpression;
(F) Coexpression of CD117 with CD133 in stromal cells. Scale bars represent 50 µm.
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Figure 3 – Identification of stem cells in the oral squamous cell carcinoma: (A–B) CD117 positivity in mast cell
(tryptase+); (C–D) CD133 positivity in mast cell (tryptase+); Scale bars represent 10 µm.

 Discussion
OSCCs have been showed to exhibit either a clonal
evolution [26], or they could originate form CSCs,
or they might be a combination of the two. Regarding
CSC hypothesis, it is possible that ► either oral
carcinogenesis starts in the basal layer of oral squamous
epithelium with malignant transformation of adult
epithelial stem cells, ► or they arise by malignant
transformation of a progenitor cell in the supra-basal
compartment of oral epithelium [27, 28].
In the last decade, in order to identify CSCs in
OSCC, the following surface markers have been used:
CD44 [10, 28, 30, 31], CD133 [28, 30, 32, 33], CD29
[28, 30], CD117 [32], and CD97 [29], but none of these
markers has been shown to be highly specific.
Data from literature shows CD44 as the most used
surface marker to identify CSCs from OSCC [10, 28,
30, 31]. However, most data indicate limited usefulness
in identifying these cells. On this line, our study points
out a strong counterargument for using CD44 as a
surface marker of oral CSCs, in that it is expressed
in both normal oral epithelium [34–37] and in
premalignant and malignant lesions [38–40]. In addition,
as we observed, the percentage of carcinomatous
positive cells varied with the degree of tumor
differentiation [38–40]. Moreover, in the tumoral stroma
some of the CD44+ cells are in fact inflammatory

cells, especially lymphocytes, as confirmed by their
morphology in usual HE staining.
Still, its usefulness as a CSCs surface marker can be
increased if it is used in association with other stem cell
markers. As we noticed, only the most outer sheets of
carcinomatous proliferations co-expressed CD44 and
cytokeratin 5. In this regard Prince ME et al. showed
that only 10% of CD44+ cells subpopulation from head
and neck squamous cell carcinoma, gave rise to new
tumors in vivo, and these cells have a primitive cellular
morphology and costain with the basal cell marker
cytokeratin 5/14 [10]. In another study, Clay MR et al.
proved that cells with high ALDH activity isolated form
HNSCCs are able to produce tumors even at a 10-fold
dilution compared to CD44+ only cells [31]. These cells
with high ALDH activity represented a small percentage
of the total tumor cells (1% to 7.8%), and the majority
of them expressed CD44 (50.6% to 74.4%); while on
the contrary, when CD44+ cells were sorted for ALDH
activity, only 9.8% to 23.6% of the CD44+ cells had
high ALDH activity. Surprisingly, our study did not
show co-expression of CD117 and CD133 at the level
of CD44+ carcinomatous cells, but such reactions have
been observed in some stromal cells.
Regarding CD133, a series of studies have shown
that CD133 was expressed in subpopulations of cancer
cells from brain, colon, lung, melanoma and other solid
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tumors leading to the assumption that these cells have
stem cells or progenitor-like properties and CD133 was
proposed as CSC marker [28, 25, 41, 42].
In OSCCs, only one study investigated the potential
of using CD133 as a CSC surface marker on human
tumoral specimens [33]. Zhang Q et al. have shown that
a small proportion (1–3%) of carcinomatous cells were
CD133+ and these cells possessed higher clonogenicity,
invasiveness, and increased in vivo tumorigenicity as
compared to CD133- counterparts [33]. All other studies
used commercial cell lines of OSCC from which CSC
were sorted either by FACS technology or by sphere
culture [28, 32, 33, 43, 44].
Our study failed to demonstrate reactivity of oral
carcinomatous cells for CD133, but on the contrary, the
reaction was present in some stromal cells. The majority
of these cells co-expressed vimentin and to some degree
other stem cell markers (CD117 and CD44), but were
negative for cytokeratins (CK5/6 and AE1-AE3). Some
of these cells being reactive to tryptase, it must be that
they have an origin in mast cells, but the rest could be
mesenchymal adult stem cells.
A series of reports had shown that we should be very
careful when using this surface marker for CSC
identification on solid tumors. Thus, the two monoclonal
antibodies used there were raised against the AC133and respectively AC141-CD133 epitopes, and binding
only to glycosylated sequences on CD133 with
the possibility of false negative results when nonglycosylated CD133 is also to be detected [17, 45].
Another source of false positive results could be the
crossreactions of AC133 or AC141 mAbs with other
glycosylated epitopes existing on extracellular molecules
[46]. In addition, a cross-reactivity of AC141 mAb with
cytokeratin 18 has been shown, especially in fixed
tissue or cells with damaged membranes [47]. More
than that, it was shown that AC133 and AC141 epitopes
can be down-regulated independently from the CD133
protein or mRNA [17, 48], and the tissue distribution of
CD133 mRNA was found to be much more widespread
than the expression of the AC133 epitope [45].
Additionally, will have to take into account the presence
of alternatively spliced CD133 isoforms [49, 50], and
that some of them could be lacking the AC133 or
AC141 epitopes, this leading to false negative results.
To further complicate things some studies revealed that
some tumor cells which do not express CD133, are also
capable of self-renewal and are tumorigenic [51, 52].
Over time, CD117 has been used as stem cell marker
for identification and characterization of hematopoietic
stem and progenitor cells [53, 54], ovarian cancerinitiating cells from primary human tumors [55], of
cardiac CD117-positive stem cells in adult human heart
[56] and other mesenchymal stem cells [57].
An extensive review of the literature proved that
CD117 was not used to identify and isolate CSC from
solid OSCC specimens. Only one study showed that
63–64% of oral cancer stem-like cells obtained by
cultivating stable OSCC cell lines, or primary cultured
cells from OSCC patients, stained with CD117 [33].
In addition, data regarding OSCC reactivity to CD117
are few and contradictory. Therefore, while Perrone F
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et al. [58] observed that 77% of squamous cell carcinomas
developing towards the base of the tongue were
CD117+, Barth PJ et al. [59] found that CD117
expression was restricted only to stromal spindle cells
from OSCCs. According to the last authors, our study
proved that CD117 reaction was restricted only to
some stromal cells placed closely to the invasive
carcinomatous proliferations. More than 50% of these
cells were tryptase+, which proves their mast cell
nature. The other cells were constantly positive for antivimentin and infrequently for anti-CD133 and antiCD44 antibodies, but were negative for anti-CK5/6 and
anti-AE1-AE3.
Taken together, all three CSC surface markers
investigated here are indicators, but definitely not a
reliable marker for defining a population of CSCs in
solid tumors since they do not characterize tumorinitiating cells exclusively. To increase the sensitivities
and specificities for the detection of CSCs, further
investigations are needed. These studies will have to
take into account: (1) the differences existing between
the various mono- and polyclonal antibodies, (2) possible
differences induced by the use of different types of
antigen unmasking, (3) the presence of alternatively
spliced antigen isoforms and (4) possibility of
discrepancies between protein expression for the
respective markers and their gene expression. One of
the ways through which one may increase the accuracy
of identifying such cells in solid tumors is the use of
multiple immunostaining by combining expression of
these investigated CSC markers. This approach will
allow identification of reliable markers to isolate the
CSCs in OSCC and further on, it could ensure the
clinical effectiveness of future targeted treatments,
possibly resulting in a more effective outcome.
In addition, as stromal CD133+ or CD117+ cells
were bordering carcinomatous proliferations, we suspect
that these potential mesenchymal stem cells ► either
have an antitumor effect, at least by forming a barrier to
invasion of OSCC, ► or they contribute to the tumor
growth by enhancing the formation of tumor-stroma.
 Conclusions
In conclusion, our study shows the limited
usefulness of these surface markers in identifying CSC
from OSCCs solid specimens. Of the three markers
investigated, CD44 appears to be the most useful in
identifying of oral CSCs, the other two, CD133 and
CD117, labeling especially mesenchymal stem cells and
other stromal cells.
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