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Subpopulations of cells with malignant potential have 
recently been isolated from a variety of tumors by fluores-
cence- or magnetic-activated cell sorting (FACS, MACS) 
based on the expression of certain cell surface markers 
(Rosen and Jordan 2009). These subpopulations are denoted 
tumor-initiating cells or, when a unique self-renewal poten-
tial is assumed, cancer stem cells. If proven, the concept of 
cancer stem cells is important because it could change the 
therapeutic target from the bulk of tumor cells to a specific 
cell population initiating and/or maintaining tumor growth 
(Reya et al. 2001).

The standard assay to validate if tumor-initiating cells 
can be isolated from solid human cancers is xenografting 
cell subpopulations into mice. However, the results must be 
interpreted with caution as the model systems cross species 
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Summary

Tumor-initiating cells of pancreatic ductal adenocarcinoma (PDAC) have been isolated based on expression of either 
CD133 or CD44. The authors aimed to visualize pancreatic cells simultaneously expressing both these cell surface markers 
by employing the same antibodies commonly used in cell-sorting studies. Normal and diseased pancreatic tissue, including 
51 PDAC cases, were analyzed. CD44 and CD133 expression was determined by immunohistochemical double staining 
on formalin-fixed material and subcellular protein distribution evaluated by immunofluorescence/confocal microscopy. In 
the normal pancreas, CD44 and CD133 were coexpressed in the centroacinar regions but in non-overlapping subcellular 
compartments. As expected, CD44 was found mainly basolaterally, whereas CD133 was present on the apical/endoluminal 
membrane. This was also the case in chronically inflamed/atrophic pancreatic tissue and in PDAC. In some malignant ducts, 
CD44 was found at the apical cell membrane adjacent to but never overlapping with CD133 expression. CD44 level was 
significantly associated with the patient’s lymph node status. In conclusion, a CD44+/CD133+ cell population does exist in 
the normal and neoplastic pancreas. The preferentially centroacinar localization of the doubly positive cells in the normal 
parenchyma suggests that this population could be of particular interest in attempts to identify tumor-initiating cells in 
PDAC. This article contains online supplemental material at http://www.jhc.org. Please visit this article online to view these 
materials. (J Histochem Cytochem 59:441–455, 2011)
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borders, pay little attention to the tumor stroma (mainly 
cancer cells are transplanted), and attenuate the immune 
response (severely immunocompromised animals serve as 
recipients). It is also likely that the harsh mechanical and 
enzymatic treatment of tumor specimens prior to sorting 
may lead to molecular (and morphological) changes of the 
cells. This could result in an altered expression pattern of 
some surface molecules. Accordingly, the single-cell sus-
pensions obtained prior to sorting are not necessarily repre-
sentative of the tumor tissue as a whole. Nevertheless, the 
tissue distribution of the surface markers used in cell sorting 
is an issue that seldom is addressed in studies focusing on 
cancer stem cell identification.

Positivity for the surface proteins CD133 and CD44 has 
been employed in many studies to isolate cells with stem cell–
like and cancer-initiating properties from disintegrated solid 
tumors (e.g., breast [Al-Hajj et al. 2003]; brain [Singh et al. 
2003]; prostate [Patrawala et al. 2006]; exocrine pancreas 
[Hermann et al. 2007; Li et al. 2007]; liver [Ma et al. 2007]; 
skin melanoma [Monzani et al. 2007]; colon [O’Brien et al. 
2007; Ricci-Vitiani et al. 2007; Dalerba et al. 2007]; head and 
neck [Prince et al. 2007]). CD133, also known as prominin-1, 
is a five-transmembrane glycoprotein that is expressed in the 
plasma membrane (reviewed in Mizrak et al. 2008). It has been 
recognized for several years as a surface marker of hematopoi-
etic and neural stem cells (Yin et al. 1997; Uchida et al. 2000), 
but its specific function and ligand(s) are still a matter of spec-
ulation. However, CD133 is present on apical cytoplasm pro-
trusions of different epithelial and non-epithelial cells and may 
have a role in organizing plasma membrane topology 
(Weigmann et al. 1997; Corbeil et al. 2001; Corbeil et al. 
2010). We and others have previously reported the distribution 
of CD133 in a variety of normal and neoplastic epithelial tis-
sues (Weigmann et al. 1997; Corbeil et al. 2000; Bussolati et al. 
2005; Florek et al. 2005; Immervoll et al. 2008; Karbanová  
et al. 2008). CD133 expression has also been evaluated as a 
prognostic marker in different cancer types. A high level, for 
example, has been related to adverse prognosis in colon and 
brain tumors (Zeppernick et al. 2008; Li et al. 2009) and to 
chemotherapy resistance in colon and lung tumors (Salnikov  
et al. 2010; Ong et al. 2010).

CD44 is a type I transmembrane cell surface protein acting 
as a major receptor for hyaluronic acid and other extracellular 
matrix components (Aruffo et al. 1990). It takes part in physi-
ological and pathologic processes such as lymphocyte homing, 
T cell activation, wound healing, angiogenesis, and malignant 
disease (reviewed in Ponta et al. 2003; Marhaba and Zoller 
2004). The complexity of the CD44 molecule, with an array of 
isoforms due to alternative RNA splicing and posttranslational 
modifications, suggests a variety of functions (Ponta et al. 
2003). CD44 is widely expressed on hematopoietic cells, 
inflammatory cells, fibroblasts, and epithelial cells (e.g., 
Stamenkovic et al. 1991; Mackay et al. 1994; Fox et al. 1994; 
Sneath and Mangham 1998). There are two major versions of 
CD44: the standard isoform (CD44s) characteristic for 

hematopoietic cells and variant isoforms (CD44v) produced 
by alternative mRNA splicing and found in epithelial cells 
(Stamenkovic et al. 1991; Marhaba and Zoller 2004). The 
expression of CD44s and the CD44v variants has been investi-
gated in many solid tumors (reviewed in Sneath and Mangham 
1998; Goodison et al. 1999). The variant isoforms of the pro-
tein are generally overexpressed in tumors and have been con-
nected to matrix degradation, invasiveness, and metastasis 
(Günthert et al. 1995; Marhaba and Zoller 2004; Naor et al. 
2008; Klingbeil et al. 2009). In studies on cancer cell lines, 
expression of CD44s has been linked to reduced tumorigenic-
ity (Tanabe et al. 1995) and suppression of the metastatic pro-
cess (Gao et al. 1998).

We are focusing on pancreatic ductal adenocarcinoma 
(PDAC), a highly malignant disease with a dismal prognosis 
(reviewed in Hidalgo 2010). CD133 or CD44, in combination 
with other cell surface markers, have been used in identification 
of postulated pancreatic cancer stem cells (Hermann et al. 2007; 
Li et al. 2007). A direct identification in pancreatic tissues of 
cells simultaneously expressing both proteins would therefore 
be of interest. In the normal pancreas parenchyma, CD133 is 
expressed apically/endoluminally in the ductal epithelium and 
also in centroacinar cells (Immervoll et al. 2008; Karbanová  
et al. 2008; Lardon et al. 2008). Most PDACs are positive for 
CD133 expression, showing a varying degree of apical cell sur-
face expression (Immervoll et al. 2008). The CD44 isoforms 
are known to be differently expressed in normal pancreas, 
PDAC, and pancreatic cancer cell lines (Günthert et al. 1991; 
Rall and Rustgi 1995; Gansauge et al. 1995; Ringel et al. 2001). 
Gotoda et al. (1998) found that the expression of the variant 
isoforms CD44v6 and CD44v2 correlated with decreased over-
all survival of pancreatic cancer patients. Recently, expression 
of CD44 was linked to chemotherapy (gemcitabine) resistance 
in two pancreatic cancer cell lines (Hong et al. 2009).

Here we present an immunohistochemical study of the 
expression pattern of CD44 in combination with CD133 in 
formalin-fixed human pancreatic tissues. Our characteriza-
tion is based on the use of identical antibody clones to those 
commonly employed in FACS- or MACS-based experi-
ments claiming to sort and enrich cancer cells with stem 
cell–like properties. We find that a pancreatic population of 
CD44+/CD133+ cells does exist and that the subcellular 
distribution of these two surface markers does not overlap. 
Our findings may have implications not only for studies of 
stem cells in the normal and neoplastic pancreas but could 
also indicate that the role of plasma membrane subdomains 
in cancer needs further exploration.

Materials and Methods
Tissue Specimens

The pancreatic tumor samples were an extended series of 
that described by Immervoll et al. (2006). Normal pancre-
atic tissue was taken from 10 pancreas fragments surgically 
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removed due to non-pancreatic tumors and from 7 sudden-
death cases. Atrophic and inflammatory pancreatic tissue 
was investigated in 5 surgically removed specimens from 
chronic pancreatitis patients or in specimens taken from 
regions adjacent to pancreatic tumors. Further details about 
the patient material, reviewing of tissue sections/patient 
records, and construction of tissue microarrays (TMAs) are 
given in Immervoll et al. (2008). The study was approved 
by the Regional Ethics Committee and performed accord-
ing to the Helsinki declaration.

Immunohistochemistry
Immunohistochemical staining for CD44 and CD133 was 
done on 2- to 5-µm sections of formalin-fixed paraffin-
embedded tissues, placed on chrome-alum gelatin-coated 
glass slides, and dried 30 min at 70°C. Antigen retrieval was 
performed by incubation in a pressurized heating chamber 
(Pascal; Dako, Glostrup, Denmark) at 120°C for 1 min in 
Tris-EDTA buffer (pH 9). The slides were then cooled in run-
ning tap water. CD44 was detected by the monoclonal anti-
body G44-26 (BD Biosciences, San Jose, CA), which 
recognizes the standard and variant CD44 isoforms. The 
antibody was diluted 1:50 in TBS antibody diluent (50 mM 
Tris, 150 mM NaCl, 1% BSA, 0.1% NaAzid, 0.05% Tween 
20 [pH 7.4]). CD133 was detected by the monoclonal anti-
body AC133 (Miltenyi, Bergisch Gladbach, Germany) 
diluted 1:25 in an antibody diluent with reduced salt concen-
tration (25 mM Tris, 75 mM NaCl, 1% BSA, 0.1% NaAzid, 
0.05% Tween 20 [pH 7.4]). The incubation time for the pri-
mary antibodies was 60 min. This and all subsequent steps 
were carried out at room temperature. Primary antibody 
detection was performed for CD44 with EnVision+ System–
HRP for mouse primary antibodies (Dako) and for CD133 
with MACH3 (Biocare Medical, Concord, CA), in accor-
dance with the suppliers’ instructions. The antigens were 
visualized by developing with diaminobenzidine DAB+ 
(Dako) for 5 and 10 min for CD44 and CD133, respectively. 
Between each step, there were two washing steps of 1 min 
each on a rocking platform in washing buffer (50 mM Tris, 
150 mM NaCl, 0.05% Tween 20 [pH 7.5]). Blocking for 
unspecific peroxidase activity was done by exposing the sec-
tions to an aqueous solution of 3% hydrogen peroxide for 5 
min. The sections were counterstained with Harris’s hema-
toxylin (Histolab Products, Gothenburg, Sweden) for 30 sec 
and then dehydrated in alcohol, cleared in xylene, and cover-
slipped using a Mountex permanent mounting medium 
(Histolab Products).

Double-staining for CD133 and CD44 was done in two 
steps. CD133 (1:25 or 1:30) was applied first, using the proto-
col described above. After color development in DAB, the 
slides were rinsed in running tap water and then placed in pre-
heated (100°C) Tris EDTA buffer (pH 9) for 2 min (modified 
antigen retrieval). Next, the sections were incubated with anti-
CD44, using different antibody dilution factors (1:25, 1:35, 

1:50, and 1:100), at room temperature for 60 min. Primary 
antibody detection and visualization of CD44 were achieved 
using the MACH2 kit and the Vulcan Fast Red Chromogen kit 
(both from Biocare Medical). Sections were counterstained, 
dehydrated, cleared, and coverslipped as described above.

Controls and Assessment of 
Immunohistochemical Staining
Specificity of the antibody AC133 was checked as described 
previously (Immervoll et al. 2008). Specificity of the anti-
body G44-26 was tested on a Western blot with extracts from 
two pancreatic cancer cell lines (not shown). Moreover, fro-
zen sections containing normal pancreas were stained and 
compared with formalin-fixed sections, and CD44 detection 
was routinely performed with the primary antibody omitted 
to control for background staining (not shown). The CD44 
pattern observed when double-staining for CD133 was com-
pared to parallel slides stained for CD44 alone, either with 
the same antibody/incubations used for the double-staining 
(clone G44-26) or with the CD44 antibody clone DF1485 
(M7082; Dako) using a protocol established in routine diag-
nostics (available on request).

The quality of staining was further judged by examining 
sections from different organs/tumors and sections from 
TMA blocks containing an array of control tissues, fol-
lowed by a comparison to data on CD133 and CD44 expres-
sion in the literature. Tumor cell CD44 expression was 
scored independently by two of the authors (H.I. and A.M.) 
in TMA sections from the series of PDACs as negative (0), 
weakly positive (1), or strongly positive (2). Similarly, stro-
mal CD44 expression was scored as weakly (1), medium 
(2), or strongly positive (3). As validation for TMA inter-
pretation, whole sections from the border between the ade-
nocarcinoma and nearby normal pancreatic tissue were 
made from 10 of the cases included in the TMA block and 
treated and evaluated in the same way as the TMA slides. 
For CD133 expression alone, data and slides from the pre-
vious study were evaluated (Immervoll et al. 2008).

Immunofluorescence Staining and  
Confocal Microscopy
Antigen retrieval and antibody diluents were the same as 
described above for G44-26 and AC133. The AC133 antibody 
(1:20) was applied first and incubated at 4°C for 18 to 20 hr. 
All subsequent steps were carried out at room temperature. 
Primary antibody detection was performed for 30 min by the 
MACH-2 AP-polymer (Biocare Medical) for mouse primary 
antibodies. The antigens were visualized as red fluorescence by 
developing with the Vector Red Alkaline Phosphatase sub-
strate kit (SK-5100; Vector Laboratories, Burlingame, CA)  
for 15 min. Next, the sections were incubated with the CD44 
antibody G44-26 (1:200) for 60 min. Primary antibody detec-
tion and visualization of CD44 as green fluorescence was 
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achieved by using Alexa Fluor 488 goat anti-mouse IgG2b 
(Invitrogen Molecular Probes, Eugene, OR), diluted (1:200) 
and incubated for 30 min. Between each step, there were two 
washing steps of 1 min each on a rocking platform in washing 
buffer (50 mM Tris, 150 mM NaCl, 0.05% Tween 20 [pH 7.5]). 
Finally, the sections were coverslipped using an anti-fading 
mounting medium containing DAPI (Vectashield H-1500; 
Vector Laboratories). The stained sections were analyzed by 
confocal scanning laser microscopy, using an LSM 510 Meta 
laser scanning microscope (Carl Zeiss, Jena, Germany).

Statistics
The statistical analyses were performed using the software 
package Statistica 6.0 (StatSoft, Tulsa, OK). A p value 
<0.05 was chosen for statistical significance. Categorical 
data with comparison of two proportions were analyzed by 
the χ2 test. The Product–Limit (Kaplan–Meier) Analysis 
Module was used for comparing survival between multiple 
groups. Survival times versus cumulative proportion sur-
viving, according to breakdown by different CD44 staining 
intensity groups, were plotted.

Results
CD44 and CD133 Expression in the  
Normal Pancreas

We have previously described the distribution of CD133+ 
cells in the normal and pathological pancreas (Immervoll  
et al. 2008). CD133 was visualized with AC133, an antibody 
commonly used to enrich cells with a postulated cancer stem 

cell function (Table 1). Here we extend the analysis by add-
ing the antibody G44-26, which in several reports has been 
employed to isolate tumor-initiating cells based on surface 
expression of the CD44 protein (Table 1). We first examined 
the distribution of the two markers by double-staining a vari-
ety of surgically removed tissues with normal or near-normal 
morphology. Representative images (retina, adrenal gland, 
lymphoid tissue, prostate, salivary gland, gall bladder, colon) 
and a description are given as online Supplemental Figure 
S1. In general, when CD44 and CD133 were expressed 
simultaneously in epithelial tissues, the markers were present 
in the same cells, displaying an apparently non-overlapping 
pattern at the subcellular level. As expected, CD44 positivity 
was observed on the membrane facing the extracellular 
matrix (basally) and the neighboring epithelial cells (later-
ally). Additional strong cytoplasmic CD44 staining was pres-
ent in some cells and tissues (e.g., nerves, prostate basal 
cells, lymphocytes; Suppl. Fig. S1). CD133, on the other 
hand, was expressed on the membrane part facing a free 
surface (apically/endoluminally).

We then investigated normal pancreatic tissue. When stain-
ing for CD44 alone (Fig. 1A,B) and together with CD133 (Fig. 
1C,D), a similar pattern of CD44 positivity was seen in con-
secutive sections. CD44 was expressed in varying intensity. 
We observed CD44-negative areas located close to areas with-
out overt morphological signs of disease but with relatively 
strong CD44 positivity within a lobule (Fig. 1E). CD44 
expression was most abundant in centroacinar cells and in the 
smallest ducts (intercalating ducts) seen as both cytoplasmic 
and membrane positivity (Fig. 1F). In the ductal epithelium, 
staining intensity decreased toward the larger ducts, and intra-
lobular ducts were partially CD44 negative (Fig. 1B,D). In the 

Table 1. Studies Where Positivity for CD44 and/or CD133 Has Been Used in the Isolation of Tumor-Initiating Human Cells

Organ CD44 CD133 Additional Marker(s) Reference

Pancreas X CXCR4 Hermann et al. (2007)a

  X CD24, ESA Li et al. (2007)
Breast X CD24, ESA Al-Hajj et al. (2003)
Brain X — Bao et al. (2006)a

  X — Singh et al. (2003); Singh et al. (2004)a

Colon X X ESA, CD166 Dalerba et al. (2007)a

  X — Ricci-Vitiani et al. (2007)a

  X — O’Brien et al. (2007)a

  X X — Haraguchi et al. (2008)a

  X X — Du et al. (2008)a

Head and neck X — Prince et al. (2007)a

Prostate X — Patrawala et al. (2006)
  X X α2β1 integrin Collins et al. (2005)
  X CD24 Hurt et al. (2008)
Liver X — Ma et al. (2007)a

Skin (melanoma) X ABCG2 Monzani et al. (2007)a

aStudies that specify that the AC133 and/or the G44-26 antibodies have been employed.
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endocrine compartment (i.e., the islets of Langerhans), a few 
cells showed faint CD44 positivity (Fig. 1E and not shown).

In CD44–CD133 double-stainings (Fig. 1C–F), the cen-
troacinar regions were highlighted by both markers. The 
basolateral membrane/cytoplasm and the apical/endolumi-
nal cell surface were the preferential sites of CD44 and 
CD133 expression, respectively (Fig. 1D). In intralobular 
ducts, CD133 staining intensity was kept at a high level 
while CD44 staining was reduced (Fig. 1B,D).

CD44 and CD133 Expression in  
Non-malignant Pancreatic Disease

Next, we investigated pancreatic CD44/CD133 expression 
in areas of pancreatic tissue characterized by inflammation 
and atrophy. CD44 expression was pronounced in the vicin-
ity of inflammatory infiltrates and in areas showing atrophy 
(Fig. 2A–D). The epithelial cells showed a subcellular dis-
tribution similar to that of normal pancreas, with CD133 

Figure 1. CD44 expression in normal human pancreas and its relation to CD133. (A) CD44 expression (brown) in exocrine tissue is 
most abundant in centroacinar regions and intercalated ducts. A negative control staining without primary antibody is shown as A′. (B) 
Higher magnification of the marked area in A. CD44 staining appears weaker in larger ducts (asterisk). (C) Double-staining of CD44 
(red) and CD133 (brown) in a consecutive section of A. CD44 is expressed in similar localization and amount as in the single staining.  
(D) Higher magnification of the marked area in C. (E) Variation of CD44 positivity between two pancreatic lobes. An islet of Langerhans 
is encircled. (F) Example of acini with moderate centroacinar CD44 positivity and CD133 expression at the apical cell membrane of cells 
bordering a lumen. The arrow points to an intralobular duct. Scale bar in F corresponds to 250 µm (A, C, E), 80 µm (B, D), and 50 µm (F).
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Figure 2. CD44 and CD133 expression in inflamed and atrophic pancreas. (A, B) Double-staining of the two markers in a specimen 
with early stage of chronic inflammation. (C, D) Double-staining in a later stage of chronic inflammation with atrophy of the acinar 
tissue. CD44 is visualized in red and CD133 in brown. B and D represent higher magnifications of the marked areas in A and C. (E, F) 
Immunofluorescence double-staining visualized by confocal microscopy. CD44 is shown in green and CD133 in red. F is a higher digital 
magnification of the marked area on the left side. Note that CD44 positivity is seen on basolateral membrane surfaces, whereas CD133 
is expressed apically/endoluminally. In general, there is strong expression of CD44 in tubular complexes and concomitant expression of 
CD133 at the apical membrane as the amount of connective tissue increases and the exocrine tissue undergoes atrophy. Compare with 
panels C and D. Scale bar in D corresponds to 125 µm (A, C) and 50 µm (B, D). Scale bars in E and F correspond to 20 µm.
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expressed apically and CD44 in the basolateral membrane 
and cytoplasm. Moreover, the epithelia of tubular com-
plexes in areas of advanced atrophy showed particularly 
strong CD44 expression in the cytoplasm and membrane. 
The majority of epithelial cells remaining in the atrophic 
areas expressed both CD44 and CD133 (Fig. 2C,D). Cells 
and tissues not specific for the pancreas (inflammatory 
cells, nerves, and, less constantly, fibroblasts and vessel 
walls) also showed CD44 positivity.

CD44 and CD133 Expression in Pancreatic 
Ductal Adenocarcinomas
In our series of PDAC, the CD44 expression pattern was 
complex with major local variations of staining intensity 
and number of stained tumor cells (Fig. 3). Of the examined 
51 cases, 34 (67%) were judged as positive for CD44 in 
their tumor cells. The positive tumor cells were clustered 
together as expected in clonally expanding growth. In mod-
erately to well-differentiated carcinomas with tubular or 
papillary architecture, CD44 expression showed major 
variation between specimens with similar morphologic 
features and between different areas within a given speci-
men (Fig. 3A,C). A varying expression was also observed 
in less differentiated regions. CD44 positivity dominated in 
the stromal cells of some tumors (Fig. 3E,F) and in the 
cancer cells of others (Fig. 3G,H). There were, however, 
fewer cells expressing CD133 in the less differentiated 
areas, probably reflecting the decrease of tumor cells in 
tubular or papillary arrangement.

In the PDAC cases, simultaneous expression of CD44 
and CD133 in tumor cells was characteristic of areas of 
higher differentiation (Fig. 3B–D). In the positive cell 
groups, there was a preserved subcellular protein distribu-
tion with CD44 located basolaterally (both in the membrane 
and the cytoplasm) and CD133 expressed in the apical 
membrane. However, in some ductally arranged cells, we 
observed CD44 positivity also at the apical membranes 
(Fig. 3D). When comparing the two cell surface markers, 
we noted that CD44 was the one varying most in all descrip-
tive variables (intensity, amount and type of positive cells, 
subcellular localization).

Subcellular CD44 and CD133 Expression 
Evaluated by Immunofluorescence
From the immunohistochemistry results described above, 
we concluded that the subcellular distribution of CD44 and 
CD133 appeared not to overlap. However, the occasional 
CD44 positivity observed at the apical side of some tumor 
cells in PDAC (Fig. 3D) motivated us to search for poten-
tial co-localization of CD44 and CD133 with a more sensi-
tive method. To this end, we stained pancreatic tissue 
sections for CD44/CD133 using fluorescent dyes and 
examined the expression pattern with confocal microscopy. 

We also now observed that normal, inflamed/atrophic, and 
malignant pancreatic tissue contained double-positive cells, 
as illustrated in Figure 2E,F and Figure 4.

In the normal pancreas (Fig. 4A,B), CD44 and CD133 
resided closely together in the same cells of the centroacinar 
regions, with CD44 being present in the basolateral mem-
brane and CD133 apically. In composite confocal pictures 
consisting of several superimposed layers, a few small areas 
of the membrane exhibited overlapping yellow color (Fig. 
4B). However, co-localization of CD44 and CD133 was 
never observed in pictures of single layers (not shown). We 
conclude that CD44 and CD133 do not co-localize on the 
membranes of normal pancreatic cells.

Similarly, inflamed/atrophic pancreas showed prominent 
and non-overlapping CD44/CD133 expression when judged 
by immunofluorescence (Fig. 2E,F). In the series of PDAC, 
tumor cells expressing both markers were related to tubular 
or papillary architecture (Fig. 4C–F). CD44 occupied the 
basolateral and CD133 the apical membrane without  
co-localization. Notably, in regions where CD44 was present 
on the apical membrane, CD133 was absent, although the 
latter marker was present on the apical membrane of neigh-
boring cells (Fig. 4F).

Association of CD44 Expression with  
Clinical Variables
In our previous report (Immervoll et al. 2008), we did not 
find a correlation between the level of CD133 expression in 
PDAC and clinical variables such as TNM stage, differen-
tiation grade, and patient survival. We extended this analy-
sis to the CD44 positivity observed in our series of PDACs, 
which were scored as described in Materials and Methods. 
A statistically significant association was found only for 
CD44 expression and lymph node status (Fig. 5A,B). Of 
the 17 cases with absent CD44 expression in their tumor 
cells, 7 (41%) had been staged as N0, compared to 5 (15%) 
of the 34 cases with weak to strong tumor cell expression 
(p = 0.036, χ2 test). A similar relationship was found for 
stromal CD44 expression: Of the 18 cases with weak 
expression, 8 (44%) had been staged as N0, compared to 4 
(12%) of the 33 cases with medium to strong CD44 expression 
(p = 0.036, χ2 test). However, when CD44 expression was 
related to patient survival, there was no statistically signifi-
cant difference between the groups for tumor cell (Fig. 5C) 
or stromal cell CD44 positivity (not shown).

Discussion
Expression of the surface marker CD44 or CD133 has been 
used in many studies to enrich cell suspensions from solid 
tumors for cells with tumor-initiating potential (Table 1). A 
combination of antibodies against both markers has been 
applied in studies of colon cancer (Du et al. 2008; 
Haraguchi et al. 2008) and prostate cancer (Collins et al. 
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Figure 3. Expression of CD44 in pancreatic ductal adenocarcinomas and its relation to CD133. Double-staining with CD44 visualized in red 
and CD133 in brown. (A, C) Two tumors of moderate to high differentiation grade. Note the highly varying CD44 expression both between 
(compare A and C) and within (arrowheads in C) the tumor samples. A negative control staining without primary antibody is shown as A′. 
(B) Higher magnification of the marked area in A. (D) High magnification of a malignant duct with prominent CD44 expression. Note the 
preference of CD44 staining at the basolateral membrane of tumor cells in B and D and additional apical CD44 positivity in D (arrowheads). 
CD133 staining of the apical membrane is indicated by arrows. (E, G) Two tumors of low differentiation grade. (F, H) Higher magnification of the 
marked areas in E and G. Note the large variability of CD44 staining in stromal cells (E, F) and tumor cells (G, H). The arrows indicate CD133 
staining of a lumen and an intracellular vacuole (F) and the apical cell membrane of tumor cells (H). Scale bar in H corresponds to 125 µm  
(A, C, E, G) and 50 µm (B, D, F, H).
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Figure 4. Distribution of the CD44 and CD133 markers in normal and neoplastic (ductal adenocarcinoma) pancreas as judged by 
immunofluorescence double-staining and confocal microscopy. CD44 is shown in green and CD133 in red. Panels B and D are higher 
digital magnifications of the marked areas in A and C. Note that CD44 positivity is seen on basolateral membrane surfaces, whereas 
CD133 is expressed apically/endoluminally. (A, B) Acini of normal pancreas. The small yellow areas in B (arrows) are a result of the stacking 
of several pictures captured at different levels. Co-localization of CD44 and CD133 was never observed in single layers. A comparable 
light-microscopy section is shown in panel D of Figure 1. (C–F) CD44 and CD133 expression in pancreatic ductal adenocarcinoma 
(PDAC) specimens. CD44 is generally seen basolaterally in tumor cells bordering a lumen, and CD133 is expressed apically/endoluminally. 
(C, D) Example of a well-differentiated PDAC. A comparable light-microscopy section is shown in panel B of Figure 3. (E, F) Examples of 
moderately differentiated PDACs. The arrows in E indicate endoluminal CD133 expression, not overlapping with positivity for CD44. The 
arrows in F mark cells with CD44 expression at their apical/endoluminal surface without co-expressing CD133. A light-microscopy section 
comparable to F is shown in panel D of Figure 3. All scale bars are 20 µm.
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2005). Concerning exocrine pancreatic cancer, the presence 
of either CD133 or CD44 was employed by Hermann et al. 
(2007) and Li et al. (2007), respectively, as a sorting crite-
rion in xenograft studies. However, a combined use of these 
two markers in prospective isolation of subsets of tumor 
cells or in a morphological characterization by immunohis-
tochemistry has not been published for PDAC, to our 
knowledge. In a previous article, we investigated the 
expression of CD133 (Immervoll et al. 2008) and con-
cluded that the population of CD133+ tumor cells appears 
too large to be specific for a limited, tumor-initiating cell 
fraction of PDAC. On the background of Hermann et al. 

(2007) and Li et al. (2007), it is conceivable that such a 
fraction could correspond to cells simultaneously express-
ing both the CD44 and the CD133 marker. We therefore 
performed a systematic investigation of the distribution 
pattern of CD44 in combination with CD133 in tissue sec-
tions of normal and diseased pancreas.

Choice of Antibody
Studies focusing on cancer stem cells have so far applied 
antibodies against CD133 and CD44 without further analy-
sis of splice variants or other posttranslational events that 
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may change the properties of the proteins. We decided to 
employ the AC133 and G44-26 monoclonal antibodies, 
which are used regularly in cell-sorting approaches for the 
enrichment of cancer-initiating cells from primary human 
tumors (Table 1). The G44-26 antibody reacts with both the 
standard and all known variant CD44 forms, and it has been 
demonstrated to be suitable for both formalin-fixed paraffin-
embedded tissue and flow cytometry.

Concerning CD133, immunohistochemistry in PDAC has 
not shown consistent results, and the staining pattern seems 
dependent on the antibody, fixation, epitope retrieval, and 
staining method used (Hermann et al. 2007; Immervoll et al. 
2008; Maeda et al. 2008; Smith et al. 2008; Shimizu et al. 
2009; Welsch et al. 2009). Kemper et al. (2010) specifically 
examined possible regulation mechanisms for expression of 
the AC133 epitope and showed that it is downregulated during 
cancer stem cell (CSC) differentiation. They concluded that 
AC133 can be used as a CSC marker. However, it was also 
emphasized that one should interpret results from the use of the 
AC133 antibody with care because of a possible epitope mask-
ing caused by differential glycosylation and folding of the 
CD133 protein (Kemper et al. 2010).

The Plasticity of CD44 Expression
In human adult normal tissues (see Suppl. Fig. S1), CD44 
was found in many different cell types (epithelia, inflam-
matory cells, fibroblasts, nerves), whereas CD133 was 
expressed in fewer cell types, mainly in epithelial cells. In 
normal and pathologic pancreas, CD44 expression showed 
a great variability, both in localization and strength of the 
staining (Figures 1–3). CD133, in contrast, was constantly 
seen at the apical/endoluminal membrane of normal centro-
acinar or ductal cells, as well as in ductal or papillary cell 
groups in those pancreatic tumors that expressed this 
marker (see also Immervoll et al. 2008).

Published data about CD44 expression in the non- 
neoplastic pancreas and normal pancreatic cell lines are not 
completely consistent and may vary according to the anti-
body used (Gansauge et al. 1995; Castella et al. 1996; 
Gotoda et al. 1998; Ringel et al. 2001). The explanation 
could be differences in antibody affinity related to CD44 
glycosylation, other posttranslational events, isoform-specific 
epitopes, or technical differences in epitope retrieval or 
staining procedure. As mentioned earlier, we stained with 
an antibody that reacts with all known CD44 forms. Our 
results were compared with the staining pattern of the CD44 
antibody clone DF1485, and we achieved the same staining 
pattern with both antibodies (not shown). Antibody speci-
ficity was also evaluated on frozen sections and by Western 
blotting (not shown). The pattern that we describe is there-
fore unlikely to be caused by unspecific staining.

As the normal pancreatic specimens of this study origi-
nated from the archives of a diagnostic histopathology 

laboratory, they cannot be regarded as entirely disease free. It 
may therefore be questioned whether we have demonstrated 
a normal expression pattern of CD44 in the pancreas. To fur-
ther evaluate this issue, we also stained pancreas specimens 
from seven sudden-death cases with no known pancreatic 
disease. A varying pattern of CD44 positivity, similar to that 
described above, was seen in areas of well-preserved tissue 
(not shown). Accordingly, it is tempting to speculate that nor-
mal pancreatic CD44 expression is varying and inducible and 
that it may be upregulated preceding morphologic changes of 
inflammation and/or degeneration.

Subcellular Localization of CD44  
and CD133
In epithelial monolayers, CD44 is found at the basolateral 
cell membrane and also in the cytoplasm, whereas CD133 
resides at the apical membrane. We did not detect an over-
lap in the subcellular expression of the two markers in 
normal or in atrophic/inflamed or neoplastic pancreas 
(Figures 1–4). Thus, expression of both markers may 
reflect a well-organized membrane arrangement of a single 
epithelial cell with one compartment facing the extracellu-
lar matrix and lateral cells (CD44 positivity) and the other 
facing a lumen (CD133 positivity).

CD44 has a multitude of known ligands and functions 
(Ponta et al. 2003), many of them connected to the extracel-
lular matrix and therefore well in agreement with the pro-
tein’s predominant expression at the basolateral membrane. 
The ligands of CD133 are still unknown. Notably, in some 
malignant duct cells, we observed CD44 expression on the 
apical part of the membrane, adjacent to but not overlap-
ping with CD133 positivity (Figs. 2F and 3D). Whether 
plasma membrane domains, as defined by expression of 
CD133 and CD44, have a role in cancer should be a topic 
for further investigation.

CD44 in Pancreatic Ductal Adenocarcinomas
CD44, originally called lymphocyte homing receptor, has a 
role in malignant disease (Günthert et al. 1995; Jothy 2003; 
Marhaba and Zoller 2004). It is conceivable that apical 
expression of CD44, because it is a receptor for extracel-
lular matrix components, could loosen the contact to stro-
mal components, thereby aiding the tumor cells when 
invading nearby normal tissue. It has also been shown that 
CD44 can interact with actin (Brown et al. 2005), which is 
essential for cell motility. Moreover, CD44 expression at 
the basement membrane could be important for tumor inva-
sion, for example, by recruiting matrix metalloproteinases 
(Yu and Stamenkovic 1999). Intriguingly, by studying a 
breast cancer model, Godar et al. (2008) concluded that 
CD44 promotes tumorigenesis in transformed cells lacking 
p53 function.
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All our PDAC tumors exhibited at least some CD44 pos-
itivity in their stroma, and two thirds expressed the marker 
in their cancer cells. We found an association between 
CD44 expression, both in tumor and stromal cells, and 
lymph node status of the patients (Fig. 5). That CD44 may 
be associated with the metastatic process is now well 
accepted (Jothy 2003). For example, a CD44 splice variant 
was found sufficient to induce a metastatic phenotype in a 
locally growing pancreatic carcinoma cell line (Günthert  
et al. 1991). Investigations in different tumor types vary 
concerning the isoform(s) considered relevant for metastatic 
potential. However, CD44v6 is often implicated (Guriec  
et al. 1997; Kurozumi et al. 1998; Reeder et al. 1998).

In clinical materials of various cancers, the expression 
level of CD44 tends to correlate with a poor prognosis, but 
results are not uniform (Mayer et al. 1993; Tokue et al. 
1998; Sato et al. 2000; Watanabe et al. 2005; Huh et al. 
2009). We did not find an impact of CD44 expression on 
patient survival. Earlier reports on pancreas cancer have 
suggested that poor prognosis is related to overexpression 
of certain CD44 isoforms (Böttger et al. 1998; Gotoda et al. 
1998). It is not straightforward to explain why we found 
CD44 expression, both in tumor and stromal cells, to be 
associated with lymph node status but not with survival. 
One should keep in mind, though, that because of the local 
variation of CD44 staining, the expression level in a series 
of TMA samples may not be representative for the whole 
tumor specimen. A detailed analysis of the expression of 
certain CD44 protein isoforms, also in association with 
other tumor or stromal markers, in a larger series of PDAC, 
would be a natural follow-up of the present study. It will 
also be interesting to evaluate if the amount and distribution 
of CD133/CD44 doubly positive cells relate to any clinical 
variable(s).

CD44 and CD133 as Markers of Pancreatic 
Tumor-Initiating Cells
We found that a CD44+/CD133+ cell population does exist 
in pancreatic tissue without morphological signs of overt 
disease. Moreover, these double-positive cells reside pref-
erentially in the centroacinar region and persist (or even 
appear to increase in relative number) in chronic inflamma-
tion and atrophy. They are also found in PDAC. These 
observations suggest that, if CD44/CD133 positivity is 
characteristic for a subpopulation with unique self-renewal 
potential, the expression of these markers is a necessary but 
not a sufficient criterion for being a (cancer) stem cell. In 
other words, additional markers must be sought to strictly 
define such a subpopulation.

The preferentially centroacinar expression of the CD44+/
CD133+ cell population is particularly intriguing on the 
background of recent studies where this region has been 
suggested to lodge the cell of origin in pancreatic cancer: 

Stanger et al. (2005) investigated a mouse model exhibiting 
pancreas-specific knockout of Pten, which resulted in pro-
gressive replacement of the acini with highly proliferative 
ductal structures and development of ductal malignancy. 
Zhu et al. (2007) concluded that PanIN lesions, the postu-
lated precursors of PDAC, can develop from acinar cells 
undergoing acinar-ductal metaplasia in a KrasG12D oncoprotein-
expressing animal model. Guerra et al. (2007) found that 
selective expression of endogenous KrasG12V oncoprotein in 
embryonic cells of acinar/centroacinar lineage results in PDAC 
and suggested that differentiation of acinar/centroacinar 
cells into ductal-like cells precedes this cancer.

In light of these data and the literature listed in Table 1, 
our present results call for sorting studies in PDAC tumors 
of cells positive for both CD44 and CD133. It will be most 
interesting to examine how the isolation of a CD44+/
CD133+ subpopulation may affect the tumor-initiating 
potential of this cancer form. Ji et al. (2009) recently used 
this approach in a study of the human pancreatic cancer cell 
line Mia PaCa2. They found that 1% to 2% of the cells 
expressed both markers. This subpopulation exhibited an 
increased capability to form tumor spheres in vitro and to 
initiate tumors by a xenograft assay in mice. Kallifatidis  
et al. (2009) analyzed two PDAC cases for CD44 and CD133 
positivity. In one tumor, 7.5% of the total cellular mass was 
estimated to express both markers. This case was more resis-
tant toward chemotherapy than the other case, which did not 
show simultaneous expression of the two markers.

Some caution nevertheless should be exercised as immu-
nohistochemistry does not necessarily directly reflect the 
cell populations isolated when using the same antibodies in 
automated cell sorting. The harsh mechanical and enzy-
matic treatment of tumor specimens prior to cell sorting cre-
ates relatively non-physiologic conditions. This may induce 
an altered pattern of expressed surface molecules and other 
molecular changes of the cells. It can therefore be expected 
that the rate of tumor cell recovery after tumor dissociation 
is far from 100%. Those cells that are enriched as tumori-
genic are those that simultaneously are positive for the sur-
face cell marker(s), resistant to the non-physiological 
conditions, and able to survive after transplantation into an 
animal. In conventional tissue immunohistochemistry, on 
the other hand, no cells are lost, but fixation in formalin can 
mask epitopes and necessitates retrieval methods prior to 
the application of the primary antibody. Thus, even if iden-
tical antibodies are employed, there may not be a 1:1 rela-
tionship between the cells enriched by sorting and those 
detected by immunochemistry.

Conclusion
We have shown that a CD44/CD133 double-positive cell 
population does exist in the pancreas, as well as in other 
human tissues. The subcellular membrane distribution of 
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the two markers was never found to overlap in normal or in 
inflamed/atrophic or neoplastic pancreas. The centroacinar 
localization of the CD44+/CD133+ cells and their persis-
tence in PDAC suggest that this cell population could be  
of particular interest when attempting to identify tumor-
initiating cells in the pancreas.
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