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Abstract
Thy-1 (CD90) has been shown to be a potential marker for several different types of cancer.

However, reports on CD90 expression in pancreatic intraepithelial neoplasia (PanIN)

lesions are still limited where PanINs are the most important precursor lesion of pancreatic

ductal adenocarcinoma (PDAC). Herein, we investigate candidate markers for PanIN

lesions by examining the distribution and trend of CD90 and CD24 expression as well as

their co-expression in various stages of PanINs. Thirty cases of PanINs, which were con-

firmed histopathologically and clinically, were used to evaluate protein expression of CD90

and CD24 by immunofluoresence double staining. CD90 was found to be mainly expressed

in stroma around lesion ducts while not observed in acini and islets in PanINs. CD90 also

showed increased expression in PanIN III compared to PanIN I. CD24 was mainly present

in the cytoplasm and membrane of pancreatic ductal epithelia, especially in the apical epi-

thelium of the duct. CD24 had higher expression in PanIN III compared with PanIN II or

PanIN I. CD90 was expressed around CD24 sites, but there was little overlap between cells

that expressed each of these proteins. A correlation analysis showed that these two pro-

teins have a moderate relationship with PanIN stages respectively. These results suggest

that co-expression of CD90 and CD24 may have an important role in the development and

progression of PanINs, which is also conducive to early detection and treatment of PDAC.

Introduction
Pancreatic intraepithelial neoplasia (PanIN) is known as the most important precursor of pancre-
atic ductal adenocarcinoma (PDAC), where PDAC has an especially high mortality rate. There is
currently no specific or sensitive diagnostic method for early detection of this disease. Reports
have shown that PanINs form gradually before PDAC through three grades PanIN I, PanIN II
and PanIN III and evolve from a noninvasive lesion to invasive cancer [1,2]. Mutation in several
cancer related genes including K-ras and p53 are known to be involved in this multistep progres-
sion where PanINmodels have been induced by chemicals in rodents or by conditional gene

PLOSONE | DOI:10.1371/journal.pone.0158021 June 22, 2016 1 / 13

a11111

OPEN ACCESS

Citation: Pei X, Zhu J, Yang R, Tan Z, An M, Shi J, et
al. (2016) CD90 and CD24 Co-Expression Is
Associated with Pancreatic Intraepithelial Neoplasias.
PLoS ONE 11(6): e0158021. doi:10.1371/journal.
pone.0158021

Editor: Pankaj K Singh, University of Nebraska
Medical Center, UNITED STATES

Received: March 24, 2016

Accepted: June 8, 2016

Published: June 22, 2016

Copyright: © 2016 Pei et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are
credited.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information files.

Funding: This work received support from three
funding sources, which are listed below: (1) Grant
R01. GM 49500 is supported by the U.S. National
Institutes of Health; (2) Grant 81373029 is supported
by the National Natural Science Foundation of China
in China; (3) China Scholarship Council (no number)
has supported the first author, Xiucong Pei, to work in
the United States as a visiting scholar. The funders
had no role in study design, data collection and
analysis, decision to publish, or preparation of the
manuscript.

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0158021&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


replacement in mice [3–5]. There is currently no means of detecting these PanINs before PDAC
develops in humans where these lesions are often microscopic and not readily detected by cur-
rent imaging methods. The identification of protein markers associated with PanINs would be
essential for future work on early detection and treatment of PDAC.

CD90 has been reported to be associated with the development of PDAC [6,7]. CD90 is a
highly conserved glycoprotein and is a member of the immunoglobulin superfamily. It lacks
a transmembrane domain so attaches to the cell membrane by anchoring glycosyl phosphati-
dyl inositol (GPI). CD90 includes two glycosylation sites in human but three sites in rodents
[8]. It is reported that CD90 expression exists differently in various species, but it shows
expression on fibroblasts and brain cells in all species [9]. It takes part in adhesion, migration
and fibrosis. In recent years, the important roles of CD90 in cancer have gained attention
where it may be a candidate marker for cancer stem cells (CSCs) as shown for esophageal
cancer and glioma [10–12]. CD90 has been shown to participate in facilitating melanoma cell
adhesion to activated endothelium by interaction with the integrin alphavbeta3 [13]. How-
ever, whether CD90 presents or co-expresses with other proteins in PanINs has not yet been
investigated.

Prior research has shown that CD24 is a potential protein for detection of CSCs [14]. It par-
ticipates in tumorigenesis and progression through regulating tumor cell proliferation, cell
motility and invasion in many cancers such as ovarian cancer, hepatocellular carcinoma, cervi-
cal carcinoma and pancreatic cancer [15–17]. Nestl et al used a rat tumor model of pancreatic
cancer to identify CD24 mRNA upregulated during metastatic tumor progression [18].
Another report showed CD24 mRNA was upregulated in the pancreatic cancer cell line S2-013
where CD24 gene was considered metastasis-associated [19]. Moreover, CD24 is expressed not
only in PanIN lesions but also in intraductal papillary mucinous neoplasm (IPMN), which is
another precursor of PDAC [20,21]. CD24 has also been shown to be an important marker for
pancreatic cancer stem cells [22].

In the current study, we have investigated the expression patterns of CD90 and CD24 by
immunofluoresence staining in PanINs. The results showed that CD90 was mainly expressed
in stroma around lesion ducts, but not in acini and islets in PanINs. CD90 showed a higher
expression in PanIN III than PanIN I. CD90 however was negative in IPMNs. CD24 was
mainly detected in the cytoplasm and membrane of pancreatic ductal epithelium, especially
in the apical epithelium of the duct. We found that CD90 protein expression was around the
ducts, but that there was little overlap with CD24 expression. A moderate relationship
between CD90 or CD24 protein expression with PanIN stages was observed although CD90
was irrelevant to CD24 in PanINs in this study. Together, CD90 or CD24 expression may
have a role in the development and progression of PanINs, and their co-expression may be
important for detection and treatment of early stage PanINs before the development of
PDAC.

Materials and Methods

Human Tissue Specimens
All clinical samples of pancreatic intraepithelial neoplasia (PanIN) and intraductal papillary
mucinous neoplasm (IPMN) were from donors provided by the Department of Pathology in
the University of Michigan School of Medicine and the normal human pancreatic tissues were
purchased from US Biomax Inc (Rockville, MD). Human tissue specimens included normal
pancreas (n = 8), PanIN cases (n = 30) and IPMN cases (n = 26). PanIN cases included PanIN I
(n = 17), PanIN II (n = 8) and PanIN III (n = 5) and IPMNs comprised low grade IPMN cases
(n = 14) and high grade IPMN cases (n = 12). PanINs and IPMNs were diagnosed based on the
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pathological sections and clinical symptoms. It should be noted that these slides were from
patients that already were diagnosed with PDAC. Tissue specimens obtained by surgical opera-
tion were fixed with 4% formaldehyde solution. They were embedded in paraffin after immers-
ing in a series of ethanol/xylene solutions. Formalin-fixed paraffin embedded tissue samples
were sliced into 5μm sections. This study was approved by the University of Michigan
(IRB00001996).

Hematoxylin and Eosin (HE) Staining
Paraffin sections were stained with hematoxylin and eosin (HE) in order to verify the patholog-
ical structure of PanINs and IPMNs. Tissue sections were deparaffinized in xylene for 10 min-
utes and rehydrated in various concentrations of alcohol (100% ethanol twice, 95% ethanol,
70% ethanol, 3 minutes each). The sections were rinsed in 10% hematoxylin (Sigma-Aldrich,
USA) for 3 minutes and decolorized in 0.1% hydrochloric-alcohol solution for 4 seconds. The
slides were then counterstained in alcoholic eosin solution (Sigma-Aldrich, USA) for 2 seconds
following rinsing in 95% ethanol for 30 seconds. Finally, these sections were dehydrated in a
series of alcohol solutions and cover-slipped.

Immunofluoresence Staining
Protein expression was determined by immunofluoresence (IF) staining [7]. Briefly, the tissue
specimens were placed in xylene twice for 20 minutes and hydrated in 100% ethanol, 95% etha-
nol, 75% ethanol, 5 minutes each and water for 3 minutes. Antigen retrieval was completed by
boiling the sections in solution (BioGenex HK080-9K) for 15 minutes. Subsequently, these
were blocked with 2% BSA in PBS containing 0.05% Tween (PBST) for 1 hour at room temper-
ature and incubated with rabbit anti-human CD90 antibody (1:100, Abcam, Cambridge, MA)
or mouse anti-human CD24 antibody (1:150, Abcam, Cambridge, MA) at 4°C overnight. The
secondary antibodies of DyLight 488 anti-rabbit IgG (green) or DyLight 549 anti-mouse IgG
(red, Vector Laboratories, Burlingame, CA) were used at 1:150 dilution and incubated in a
dark place for 1 hour at room temperature. CD90 staining was visualized in green and CD24 in
red. Staining with DAPI (blue, 1:4000 dilution) presented nuclei visualization. The sections
were dehydrated in alcohol and xylene, then cover-slipped with TMmounting medium
(Sigma, USA).

Immunofluoresence Double Staining
IF double staining protocol was used in order to determine the relative expression of CD90
with CD24 and also the expression difference between CD90 and CD45 or α-SMA. Briefly, the
sections were placed in antigen retrieval citrate solution heated at 92–98°C for 15 minutes.
Then these sections were blocked with 2% BSA at room temperature. The primary antibodies
used were anti-human CD90 with anti-human CD24, mouse anti-human α-SMA (1:400,
Sigma) or mouse anti-human CD45 (1:100, Abcam, Cambridge, MA), respectively. These anti-
bodies were added to cover sections and were incubated at 4°C overnight. DyLight 488 anti-
rabbit IgG (green) and DyLight 549 anti-mouse IgG (red, Vector laboratories, Burlingame,
CA) were incubated (1:150 dilution respectively) in a dark place under normal conditions for
1 hour. Nuclei visualization was performed by incubating DAPI (blue) for 15 minutes. These
were washed with PBST for 15 minutes between each step. The sections were finally dehy-
drated and mounted.
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Evaluation of Protein Expression
IF slides were scored independently by two investigators (X.P and J.Z). A multiplication prod-
uct (0–12) was calculated according to the percentage of positive cells (%pos; 0 = no staining,
1 =<10%, 2 = 11%-50%, 3 = 51%-80%, 4>80%) and stain intensity (0 = negative, 1 = weak,
2 = moderate, 3 = strong) for each case. The percentage of positive cells was the mean of per-
cent positive in three different fields under 200× magnification on the fluorescence microscope
of a Nikon Eclipse Ti through imaging software NIS-Elements AR. 4.13.00. Every case was
divided into a positive- (product>2) or negative-expression (product� 2) group according to
the multiplication product for each marker. The positive rate was subsequently calculated in
each group.

Statistical Analysis
Protein expression was analyzed using SPSS 16.0 software. Fisher’s exact test was applied to
analyze the positive rates of multiple groups. One-way ANOVA and Tamhane’s test was used
to compare the significant differences of protein expression between various groups. Spearman
rank correlation was applied to assess the correlation between protein expression and clinico-
pathological features. A P-value<0.05 was considered as statistically significant in all analyses.

Results

Expression of CD90 in PanIN Lesions
We confirmed firstly the pathological grades of all cases by HE staining. PanIN lesions are
divided into three grades depending on the structure and nucleus variation. As shown in Fig 1,
PanIN I (low-grade heteromorphosis) was characterized by columnar or papillary epithelial
cells as well as minimal cytological atypia. PanIN II (intermediate-grade) presents the atypical
changes of the nucleus where polarity disappears, and also nuclear enlargement and pseudos-
tratified epithelium occurs. The important features of PanIN III (high-grade) include nuclear
atypia hyperplasia, commonly the papillary or micro papillary morphology and the dystrophic
goblet cell, which belongs to noninvasive lesions. Moreover, part of the epithelial cells of dam-
aged ducts is missing in PanIN III.

Fig 1. Three PanIN hispathological grades (HE). A:normal pancreas; B:PanIN I, minimal cytological atypia
(arrow); C:PanIN II, nuclear polarity disappears, moderate cytological atypia (arrow); D: PanIN III, nuclear
atypia hyperplasia, papillary or micro papillary morphology (arrow). Scale bars = 100 μm.

doi:10.1371/journal.pone.0158021.g001
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CD90 expression in PanINs was then evaluated by IF staining. Our previous tests have veri-
fied that the rabbit anti-human CD90 antibody has the specificity which is suitable for the
immunostaining test [7]. In normal tissue, there was no CD90 expression in the ducts or acini
of the exocrine glands as well as the islets of the endocrine gland, but there was weak expression
in connective tissue (Fig 2). The negative rate of CD90 expression was 8 (100%) of 8 according
to this negative standard (multiplication product� 2, Table 1), and the CD90 staining mean
was 0.375, which indicates that CD90 had weak and sparse expression in normal pancreas.

As shown in Fig 2, CD90 expression in PanIN lesions was mainly observed in stroma
around the lesion duct, and there was no expression observed in acini and islets. Twenty three
cases (77%) of PanINs were positive, which included 11 (65%) of 17 in PanIN I, 7 (87%) of 8 in
PanIN II and 5 (100%) of 5 in PanIN III (Table 1). The results showed the positive rates in
PanIN I, II and III did significantly differ from normal pancreas at P<0.01 level (Table 1) by
Fisher’s exact test. We estimated the CD90 differential expression and the connection with
pathological grade according to stained area and intensity. One-way ANOVA was used to indi-
cate there was a significant difference [F(3,34) = 12.04,P = 0.00] in normal and PanIN groups.
The statistical results of Tamhane’s test indicated that the mean scores in three PanIN groups
(MI = 4.65, MII = 6.00, MIII = 10.00) were higher than in normal pancreas, respectively (PI =
0.0006, PII = 0.01, PIII = 0.00). Also, CD90 showed stronger expression in PanIN III than in
PanIN I (P = 0.003, Fig 3A). CD90 expression thus increases gradually with disease develop-
ment. The Spearman's correlation coefficient (R) is 0.562 (P = 0.0002) in all PanINs, which

Fig 2. Expression of CD90 (green) in normal and various PanIN tissues.Nuclei visualization was shown
by DAPI (blue) staining. There was no CD90 expression in the ducts or acini in normal tissue. CD90
expression was mainly seen in stromal cells around lesion ducts, and there was no expression observed in
acini of PanIN tissues. CD90 expression increased gradually with PanIN grades. Scale bars = 100 μm.

doi:10.1371/journal.pone.0158021.g002

Table 1. Relationship between CD90, CD24 expression and the histologic grade of PanIN.

Histologic grade CD90 expression CD24 expression

Negative Positive P* Negative Positive P*

Normal pancreas 8 (100%) 0 (0%) 8 (100%) 0 (0%)

PanIN I 6 (35%) 11 (65%) 0.003 7 (41%) 10 (59%) 0.018

PanIN II 1 (13%) 7 (87%) 0.001 1 (13%) 7 (87%) 0.001

PanIN III 0 (0%) 5 (100%) 0.001 0 (0%) 5 (100%) 0.001

* PanIN VS corresponding normal pancreas

doi:10.1371/journal.pone.0158021.t001
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indicated there was moderate correlation between CD90 expression and hispathological grade.
These results taken together suggest that for CD90 there is significant association of its expres-
sion with the pathological grade of PanIN.

Expression of CD24 in PanINs Associated with the Histologic Grade
In normal pancreas, there was rare or negative expression in acinar cells, where no CD24
expression was observed in pancreatic ductal epithelium, islets and stroma cells (Fig 4). The
results from PanINs showed that CD24 was mainly present in the cytoplasm and membrane of
pancreatic ductal epithelium, especially in the apical epithelium of the duct (Fig 4). It is clear
that the ductal epithelium was stained with red indicating the presence of CD24 except for the
nucleus which stained blue for DAPI. Its expression appeared in all PanINs, and there was
strong expression in all PanIN III cases (Fig 4).

Fig 3. Comparison of staining score of CD90 and CD24 expression between PanIN and normal
pancreas. A: CD90 expression; B: CD24 expression. *means P<0.05;**means P<0.01.

doi:10.1371/journal.pone.0158021.g003

Fig 4. Expression of CD24 (red) in normal and various PanIN tissues. Nuclei visualization was shown by staining DAPI (blue). CD24 presented
weak or negative expression in acinar cells, and no staining was observed in pancreatic ductal epithelium in the normal goup. CD24 was mainly
present in the cytoplasm and membrane of the pancreatic ductal epithelium, especially in the apical epithelium of the duct (arrow). Scale
bars = 100 μm.

doi:10.1371/journal.pone.0158021.g004
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To evaluate the difference and relationship between CD24 expression and pathological grade,
we assessed the staining scores in all cases of PanIN. The positive rates of CD24 expression in
normal pancreas, PanIN I, II and III were 0(0%) of 8, 10(59%) of 17, 7(87%) of 8 and 5 (100%) of
5 (Table 1). The statistical results presented here were the significant differences of the positive
rate in three stages of PanIN compared with the normal group, respectively (all P<0.05, Table 1).
The results of Tamhane’s test showed not only that all PanIN groups existed but there was an
increase in staining scores compared with normal pancreas, respectively (PI = 0.037, PII = 0.025,
PIII = 0.00), where CD24 had stronger expression in PanIN III (MIII = 11.4) compared with
PanIN II (MII = 6.25, P = 0.00) or PanIN I (MI = 4.58, P = 0.025). Correlation analysis showed
there was a moderate relationship between CD24 expression and PanIN stages (R = 0.638,
P = 0.00). Therefore, CD24 is an important marker for PanINs.

Co-expression of CD90 with CD24
Double IF was used to examine the co-expression of CD90 with CD24 in all cases. This double
staining was relevant to the damaged ducts, where CD24 (red) was observed in the cytoplasm
and membrane of ductal epithelium and CD90 expression (green) was observed in stromal
cells around the ducts (Fig 5). The expression of these two proteins showed little overlap in
PanIN tissues. We evaluated the relationship between CD90 and CD24 expression differences
in PanIN grades in terms of the increasing trend of whether CD90 or CD24 expression was

Fig 5. Co-expression of CD90 (green) and CD24(red) in PanIN.Nuclei visualization was shown by staining
DAPI (blue). CD90 mainly presented in stromal cells, however, CD24 expressed in cytoplasm and membrane
of pancreatic ductal epithelium. There was little overlap in all stages. Scale bars = 100 μm.

doi:10.1371/journal.pone.0158021.g005
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seen based on the mutiplication products. The results showed there was no correlation of
CD24 and CD90 expression in three PanIN groups (R = 0.284, P = 0.128) although there was a
significant relationship between their expression (R = 0.426, P = 0.008) when PanIN and nor-
mal tissues were all counted. This indicates that CD90 expression in PanINs is not linked to
CD24 expression in this study.

Double Staining of CD90 with α-SMA
Pancreatic stellate cells (PSCs) marked by α-smooth muscle actin (α-SMA) expression exist in
pancreatic stromal cells which are closely related to fibroblastic proliferation and fibrosis in
PDAC. Our previous work had shown that CD90 mostly overlaps with α-SMA in stroma of
PDAC [7]. Here we further investigated the relationship between CD90 and α-SMA in PanIN
III by double IF. The result showed that α-SMA presented in the activated PSCs surrounding
the damaged ducts. There was strong overlap between the expression of CD90 and α-SMA in
PanIN III (Fig 6), which suggests activated PSCs also express CD90 protein.

Co-expression of CD90 with CD45
Human CD90 regulates inflammatory cell recruitment induced by immune response [23]. It is
reported that there is CD90 expression on a subpopulation of leukocytes in HIV-infected
patients [24]. To eliminate CD90 expression from leukocytes, we stained for the double expres-
sion of CD90 and CD45, which is leukocyte common antigen (LCA) and is expressed in all leu-
kocytes. There was negative CD45 expression in PanINs (Fig 7), which indicated that CD90
expression in PanINs was not from leukocytes.

Discussion
Based on prior work there are several proteins including CD133, CD90 and CD24 which may
be good markers of PanINs. CD133 is a marker for many stem cells which has been used to
identify putative CSC from solid tumors [25–27]. Kazuya S et al reported that CD133 staining
was not observed in all stages of PanIN or IPMN and only expressed in PDAC, which indicates
that it can differentiate IPMN from PDAC but not PanIN from IPMN [28]. CD24 which is
involved in cell adhesion and tumor metastasis is expressed not only in PanINs and IPMNs but
also in PDAC, which means that like CD133 it does not distinguish between PanINs and
IPMNs. Our previous studies have confirmed that CD90 has a different expression pattern
between various cancers. CD90 expresses on the liver tumor islands or parenchymal, instead of
the stroma, and there is co-expression of CD90 with CD24 and CD133 just on CD90+ liver
cancer cells and not on other cells [29]. However, in PDAC there is over-expression of CD90

Fig 6. Co-expression of CD90 (green) and α-SMA (red) in PanIN III. α-SMA was present in the activated
PSCs surrouding the damaged ducts. There was strong overlap between the expression of CD90 and α-
SMA. Scale bars = 200 μm.

doi:10.1371/journal.pone.0158021.g006
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mainly in the stroma which is connected with tumor growth in all stages and CD90 is
expressed together with CD24 but on different cells [7,30]. CD90 is regarded as a marker of
several types of CSC where reports on CD90 expression in PanINs are still limited. We thus
explored PanINs in terms of CD90 expression and then co-expression with CD24 in this study.

We studied CD90 expression in normal and PanINs tissues after the pathological grade had
been confirmed by HE staining. CD90 presented positively in three PanIN stages and showed
gradually enhanced expression with various grades of PanIN, where the interference of CD45
expression from leukocytes was ruled out. CD90 had more significant expression in PanIN III
than in PanIN I (Fig 3A) in this study. Our previous study on PDAC indicated CD90 presented
strongly in stromal cells such as PSCs, and CD90 was significantly relevant to PDAC through
statistical analysis [7]. Together, CD90 was expressed during the progression from PanIN I to
PDAC, which may be related to a promoting role in the development of PanIN or PDAC. In
comparison, there was negative CD90 expression observed in stroma around lesion ducts both
in low and high grades in IPMN tissue which also developed into PDAC (S1 Fig). Therefore,
CD90 may be a potential marker to distinguish PanINs from IPMNs.

The microenvironment of diseases is composed of many components, such as stromal cells,
extracellular matrix and many cytokines, which play an important role in the generation and
development of diseases, including invasion and metastasis of tumor cells [31,32]. The stromal
cells of PDAC include PSCs marked by α-SMA expression. In this study, we found that α-SMA
protein was expressed in activated PSCs around the lesion ducts of PanIN III, which is consis-
tent in the expression of α-SMA presented in the area surrounding exclusively ductal lesions in
a mouse model [33]. Our work also revealed that activated PSCs expressed CD90 protein. PSCs

Fig 7. Representative images of CD90 (green) with CD45(red) both in PanIN II and PanIN III. Nuclei
visualization was shown by staining DAPI (blue). CD45 was negative in PanINs. Scale bars = 100 μm.

doi:10.1371/journal.pone.0158021.g007
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contribute to the proliferation and apoptosis of pancreatic cancer cells by secreting type I colla-
gen [34]. CD90 is an important regulator of cell-cell and cell-matrix interactions and is
involved in signal transduction and cytokine synthesis. It has been reported that anti-CD90
mAb inhibited cell proliferation and affected apoptosis in T-cell and B-cell lymphoma cells,
which mean anti-CD90 mAb has an antiproliferative effect in vitro [35,36]. CD90 may possibly
affect the progress of PanIN through regulating the microenvironment. However, its specific
role in the tumor is still controversial where CD90 shows inhibitory action in some tumours
such as neuroblastoma and ovarian cancer [37,38].

CD24 expression was found to increase at an early stage of PanIN. Our results indicate that
the staining score was significantly stronger in all stages of PanIN compared to normal pan-
creas and increased CD24 expression was related to the degree of PanIN lesions (Fig 3B). How-
ever, others have reported significantly increased CD24 expression was found only in PanIN
III compared with normal tissue [20]. We now observe different results where CD24 stained in
PanIN I and II. There may be several reasons for these differences. In these other studies, the
percentage of positive cells (0–100%) was chosen as the evaluated index of marker expression.
In our study we used the multiplication product of the percentage of positive cells and stain
intensity as an evaluation indicator, which may reflect the protein expression more compre-
hensively. Also the protein detection method was different where they used an immunohis-
tochemistry (IHC) method in their study, whereas we employed IF staining. The difference of
PanIN cases selected might be one of the reasons.

There are many functions for CD24 such as cell-cell interaction and metastasis, however
other functions are still unknown. CD24 is a membrane receptor anchored by glycosyl-phos-
photidylinositol. Many reports have shown that CD24 expresses not only in the membrane but
also in the cytoplasm in PDAC and colorectal cancer [7,39]. An intracellular study on pancre-
atic cancer indicated CD24 expression both in membrane and cytoplasm impeded cell invasion
and metastasis. Our previous studies though showed that CD24+CD44+ cells isolated from a
human pancreatic carcinoma cell line (PANC-1) had 4-fold increased invasion ability com-
pared to CD24-CD44+ cells [40]. PanIN is a noninvasive ductal lesion, which does not pass
through the basement membrane. The results in this study showed that CD24 was found on
and in pancreatic ductal epithelium and there was moderate correlation between CD24 expres-
sion and the histologic grade of PanIN (Figs 3B and 4). CD24 was involved not only in all
stages of PanIN but also in the progression from PanIN to PDAC. This suggests that CD24
expression in PanINs might be related to the progression from noninvasive to an invasive
lesion.

A single marker does not represent the disease even though many biomarkers are probably
involved in the progression of PDAC [41,42]. The stromal cells in PDAC obstruct the discovery
of disease as damaged epithelial cells are in the minority [43]. Exploring the co-expression of
markers in epithelial and stromal cells is regarded as a potential method to detect the disease.
We further studied as to whether CD90 and CD24 proteins have the same co-expression in
PanINs as in PDAC [7]. CD24 was observed here in the pancreatic epithelium in the lesion
ducts, surrounded by stroma expressing CD90 protein outside the lesion ducts in all PanIN
grades (Fig 5), and there was no obvious relationship between CD90 and CD24 expression.
The difference of expression location and pattern may determine the conditions under which
CD90 and CD24 play various roles in PanINs. The co-expression of these two proteins may be
essential for detection in the early stages of PanIN, which will be important for diagnosis and
treatment of PDAC.
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Conclusion
We have found that CD90 expression is a potential marker to distinguish PanINs from IPMNs.
We also found that increased CD90 and CD24 expression presented at an early stage and are
related to the development of PanIN lesions. Their co-expression might play an important role
in early detection of PanINs. This may be useful where many of these lesions are microscopic
and may be difficult for a pathologist to find on a tissue section. There are also cases of ducts
which have a mix of normal and PanINs on the same ducts. The use of these staining markers
would enhance detection of these small lesions.

Supporting Information
S1 Fig. Expression of CD90 in IPMN. Nuclei visualization was shown by DAPI (blue) stain-
ing. There was no CD90 expression observed in stroma around the lesion ducts both in low
and high grades of IPMN. Scale bars = 100 μm.
(TIF)
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