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Abstract

CD90 (Thy-1) plays important roles in oncogenesis and shows potential as a
candidate marker for cancer stem cells (CSCs) in various malignancies. Herein, we
investigated the expression of CD90 in pancreatic adenocarcinoma (PDAC), with a
comparison to normal pancreas and non-malignant pancreatic disease, by
immunohistochemical (IHC) analysis of tissue microarrays containing 183 clinical
tissue specimens. Statistical analysis was performed to evaluate the correlation
between CD90 expression and the major clinicopathological factors after
adjustment of age and gender. The IHC data showed that CD90 was significantly
overexpressed in PDAC and its metastatic cancers as compared to chronic
pancreatitis and benign islet tumors, while it was negative in normal pancreas and
82.7% of adjacent normal pancreas tissues. The abundant CD90 expression was
predominantly present in PDAC stroma, such as fibroblasts and vascular
endothelial cells, which could serve as a promising marker to distinguish pancreatic
adenocarcinoma from normal pancreas and non-malignant pancreatic diseases.
Double immunostaining of CD90 with CD24, a CSC marker for PDAC, showed that
there was little overlap between these two markers. However, CD90" fibroblast
cells were clustered around CD24" malignant ducts, suggesting that CD90 may be
involved in the tumor-stroma interactions and promote pancreatic cancer
development. Furthermore, CD90 mostly overlapped with a-smooth muscle actin
(xSMA, a marker of activated pancreatic stellate cells (PSCs)) in PDAC stroma,
which demonstrated that CD90" stromal cells consist largely of activated PSCs.
Double immunostaining of CD90 and a vascular endothelial cell marker CD31
demonstrated that CD90 expression on vascular endothelial cells was significantly
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increased in PDACs as compared to normal pancreas and non-malignant
pancreatic diseases. Our findings suggest that CD90 could serve as a promising
marker for pancreatic adenocarcinoma where desmoplastic stroma plays an
important role in tumor growth and angiogenesis.

Introduction

CD90 (Thy-1) is a 25-37 kDa glycosylphosphatidylinositol (GPI)-anchored
glycoprotein expressed on many cell types [1]. In humans, CD90 is expressed on
fibroblasts, neurons, blood stem cells and activated microvascular endothelial cells
(ECs) [2,3]. CD90 has been used as a cell marker for isolation of stem cells, such
as bone marrow-derived mesenchymal stem cells [4] and hepatic stem/progenitor
cells (HSPCs) [5,6]. It is an important regulator of cell-cell and cell-matrix
interactions, with significant roles in cellular adhesion and migration, nerve
regeneration, and fibrosis [7].

CD90 also plays important roles in oncogenesis and shows potential as a
candidate marker for cancer stem cells (CSCs) in various malignancies, such as
hepatocellular carcinoma (HCC) [8], esophageal cancer [9], and glioma [10]. The
CD90™ cells enriched from human HCC cell lines, but not the CD90 ™~
counterpart, displayed tumorigenic capacity [8]. In contrast, the CD90"CD45
population was detected in all liver tumor specimens and 91.6% of blood samples
of liver cancer patients, which could generate tumor nodules in immunodeficient
mice [8]. The CD90" cell population isolated from esophageal squamous cell
carcinoma (ESCC) was also found to possess stem cell-like properties and highly
tumorigenic and metastatic potential [9]. CD90 was identified in both primarily
cultured CD133" glioma CSCs [11] and glioma tissue specimens, exhibiting a
medium to high level in high-grade gliomas [10]. It was predominantly co-
localized with CD31, a vascular endothelial cell marker, which indicated that
CD90" glioma CSCs may reside within the endothelial niche for their self-renewal
[10]. However, little is known about the expression pattern of CD90 in pancreatic
adenocarcinoma and its potential role in the tumorigenesis of PDAC.

In this study, CD90 was investigated to characterize its potential in PDAC by
immunohistochemical (IHC) analysis of tissue microarrays which contain 183
clinical tissue specimens. Statistical analysis was performed to evaluate the
correlation between CD90 expression and the major clinicopathological factors
after adjustment of age and gender. It is shown that the expression level of CD90 is
significantly increased in PDAC patients as compared to normal pancreas,
adjacent normal tissue, chronic pancreatitis and benign islet tumors. In PDACs,
the expression of CD90 was abundantly present in the stroma, such as fibroblasts
and vascular endothelial cells. Double immunofluorescence staining of CD90 and
CD24 showed that the abundant CD90™ fibroblasts were clustered around CD24"
malignant ducts, suggesting that CD90 may be involved in the tumor-stroma
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interactions and promote pancreatic cancer development. Double staining of
CD90 and aSMA (a PSC activation marker) showed that CD90 mostly overlapped
with aSMA in PDAC stroma, indicating that CD90" stromal cells consist largely of
activated PSCs which contribute to fibroblastic proliferation and fibrosis in
PDAC. Furthermore, CD90 expression on vascular endothelial cells was
significantly elevated in PDACs compared to normal pancreas and non-malignant
pancreatic diseases. These results suggest that CD90 may play a potential role in
the promotion of tumor growth and angiogenesis in pancreatic adenocarcinoma.

Materials and Methods

Tissue Specimens

The tissue microarrays (TMAs) of formalin-fixed paraffin-embedded pancreatic
tumors and normal tissues were purchased from US Biomax Inc. (Rockville, MD).
Tissue specimens comprised 20 normal human pancreas (age: from 21 to 50 years,
median: 35 years) and 163 cases of patients (age: from 31 to 78 years, median: 56
years), including pancreatic adenocarcinoma (n=98) with clinical stages and
pathology grades, pancreatitis (n=11), metastasis (n=6), benign islet cell tumor
(n=10), islet cell carcinoma (n=4), pancreatic adenosquamous carcinoma (n=>5),
and cancer adjacent normal pancreas (n=29). The tissue specimens originated
from different donors and two replicate biopsies of each patient were spotted on
the same block and were analyzed in situ. The IHC staining showed consistent

results between the 2 replicates. The clinical characteristics of patients are listed in
Table 1.

Immunohistochemistry of CD90

Immunohistochemical staining was performed on tissue microarrays. The FFPE
tissue arrays were dewaxed in xylene for 10 min and rehydrated through a series
of alcohol solutions (100% ethanol twice, 95% ethanol, 75% ethanol, 5 min each)
to water. Antigen retrieval was achieved by boiling the arrays in a citrate buffer at
pH 6.0 (Invitrogen, Grand Island, NY). The arrays were then examined by
immunoperoxidase and immunofluorescence methods, respectively.

In the immunoperoxidase method, an extra step was taken to block
endogenous peroxidase activity by using 6% H,0,. Subsequently, the arrays were
treated with 2% BSA in PBST for 1 hr to block non-specific binding and then
incubated with rabbit anti-human CD90 monoclonal antibody (1:100 dilution,
Abcam, Cambridge, MA) overnight at 4°C. The arrays were then stained with
horseradish peroxidase (HRP)-conjugated anti-rabbit IgG antibody (Abcam,
Cambridge, MA) for 1 hr at room temperature and developed in 3,3'-
diaminobenzidine (DAB) solution (Vector Labs, Burlingame, CA) according to
the manufacturer’s instructions. The immunoreactivity is shown in brown.
Hematoxylin counterstain was applied to visualize nuclei (blue). Between each
step, there were three washes with PBST for 10 min each. Finally, the TMAs were
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Table 1. Clinical pathologic characteristics of the patient samples (n=163) in TMAs.

Median age 56 y (range, 23-78 y)

Gender (male/female)

Pancreatic Adenocarcinoma (n=98)

TNM Stage

1nnmav

Pathological grade
G1/G2/G3

Not assessed

Pancreatitis

Metastasis

Islet cell tumor (Benign)
Neuroendocrine carcinoma
Adenosquamous carcinoma
Adjacent Normal Tissue (ANT)

93/70

42/42/9/5

23/33/35
7

1

6

10

29

doi:10.1371/journal.pone.0115507.t001

dehydrated in gradient alcohol and xylene, and then coverslipped using a CC/
Mount permanent mounting medium (Sigma).

In the immunofluorescence (IF) method, the DyLight 488 conjugated anti-
rabbit IgG antibody (Vector laboratories, Burlingame, CA) was applied as a
secondary antibody and incubated with the arrays at a dilution of 1:200 for 1 hr at
room temperature. CD90 staining is shown in green. Nuclei visualization was
explored by DAPI counterstaining (blue).

The isotype control was conducted to eliminate non-specific interactions
between IgG molecules of the rabbit anti-CD90 antibody and tissue samples. The
sample was incubated with a rabbit IgG monoclonal isotype control (1:100
dilution, Abcam, Cambridge, MA), in place of the primary CD90 antibody,
followed by incubation with the secondary antibody and detection reagents as
described above.

Double Immunofluoresence Staining of CD90 with Known Markers
Subclassification of the CD90" population was investigated by the double
immunostaining of CD90 with CD24 (CSC marker for PDAC), and cellular
markers including o-smooth muscle actin (aSMA, a marker of activated
pancreatic stellate cells), CD31 (endothelial vascular cell marker) and CD45
(leukocyte common antigen), respectively. The TMAs were dewaxed, rehydrated,
and treated with citrate buffer for antigen retrieval and then 2% BSA to block
non-specific binding as described above. To achieve double immunofluorescence
(IF) staining of CD90 and the known markers, rabbit anti-CD90 (Abcam,
Cambridge, MA) was mixed with mouse anti-CD24 (Abcam, Cambridge, MA),
mouse anti-aSMA (Sigma), mouse anti-CD31 (Novocastra, Newcastle Upon
Tyne, UK), and mouse anti-CD45 (Abcam, Cambridge, MA) antibodies,
respectively, at the optimal dilutions according to the manufacturer’s instructions.
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The antibody mixture was then incubated with the TMAs overnight at 4°C. Then
DyLight 549 anti-mouse IgG (red) and DyLight 488 anti-rabbit IgG (green)
(Vector laboratories, Burlingame, CA) were diluted (1:200) and incubated with
the TMAs for 1 hr at room temperature. Nuclei visualization was explored by
DAPI counterstaining (blue). The TMAs were finally dehydrated in alcohol and
coverslipped.

Evaluation of Immunohistochemical Staining

IHC score was based upon the product of the percentage CD90" cells multiplied
by stain intensity (0= negative, 1= weak, 2= moderate, 3= strong) for each
specimen. The percentage of CD90" cells (%pos; 0= no staining, 1=<10%,
2=10-50%, 3=51-80%, 4=>80%) was assessed by the mean of %pos in three
different microscopic fields under 200 x magnification on a Nikon Eclipse Ti
microscope accompanied by imaging software NIS-Elements AR 4.13.00. When
the multiplication product (from 0 to 12) of the percentage of positive cells and
stain intensity was =2, the specimen was considered positive for CD90 expression
as described previously [12].

Statistical Analysis

The association between CD90 expression and disease types was studied using the
analysis of covariance (ANCOVA), adjusted for patient age and gender. Pair-wise
comparison of IHC scores between each group, including normal pancreas,
adjacent normal tissue, pancreatitis, benign islet cell tumor, PDAC of stage I, II,
and III/IV, and metastasis, was made by comparing the least square means and the
multiple comparisons were adjusted by the Tukey’s method. Further, linear
regression analysis was used to assess the association of clinicopathological
variables with THC scores. A value of p<<0.05 was considered statistically
significant. The scatter plot of the IHC scores among groups was generated with
GraphPad Prism 6 (La Jolla, CA), with reference lines at the mean expression,
which allows for an assessment of the correlation between CD90 expression and
tumor progression. The receiver operating characteristics (ROC) curve of CD90
expression between the study groups was analyzed using Prism 6 (La Jolla, CA).

Results

First, we evaluated the specificity of the rabbit anti-human CD90 antibody
(Abcam, Cambridge, MA). The isotype control showed that there was no
background staining for the rabbit IgG on pancreatic tissue arrays in both
immunoperoxidase and immunofluorescence methods, while CD90 showed
abundant staining (Figure S1 in S1 File). This demonstrated that the specific
staining for CD90 was not caused by non-specific interactions of IgG molecules
with the tissue samples. The specificity of the CD90 antibody was also evaluated
by western blotting as shown on the vendor website (http://www.abcam.com/
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cd90-thyl-antibody-epr3132-ab92574.html), with a single band at ~25 kDa in
human tissue lysates. These observations confirmed that the rabbit anti-CD90
antibody specifically reacts to the antigen and is suitable for the immunostaining
studies.

CD90 Expression in Normal Pancreas

In normal pancreas, CD90 showed weak and sparse staining on the connective
tissues, with less than 1% CD90" cells, which was considered as negative. A
representative image of normal pancreas with negative CD90 expression is shown
in Fig. 1A. Fig. 1B showed weak CD90 expression (light brown) on the connective
tissues and fibroblasts around the main pancreatic duct (asterisk). Note that CD90
staining was restricted on the connective tissues while no expression was observed
in pancreatic ducts, acini, islets, or blood vessels.

We also examined CD90 expression on the histologically normal tissue adjacent
to pancreatic adenocarcinoma. 82.7% (24/29) of adjacent normal tissues were
negative for CD90. As shown in Figure S2 in S1 File, minimal CD90 expression
was observed in the connective tissues. The fibroblasts that are located adjacent to
ducts showed increased expression of CD90 (Figure S2 in File S1). In adjacent
normal tissues, there was also no expression observed in the pancreatic ducts,
acini, islets, or blood vessels.

CD90 Expression in Non-malignant Pancreatic Disease

Next, we investigated CD90 expression in non-malignant pancreatic disease,
including chronic pancreatitis and benign islet cell tumors. In chronic
pancreatitis, which is characterized by ongoing inflammation of the pancreas, the
immunofluorescence staining showed that an increased expression of CD90 was
observed on the activated fibroblasts. CD90 expression was found in 36% (4/11)
of chronic pancreatitis. As shown in Fig. 2, a moderate to strong CD90 expression
(green) was observed in fibroblasts (indicated by arrows). The insert in Fig. 2B is a
high magnification of a pancreatic duct around which distinctly strong CD90
expression was observed on the fibroblasts. There was no CD90 expression
observed in the acinar and ductal epithelia, or blood vessels in chronic
pancreatitis.

The islet cell tumor, also called pancreatic neuroendocrine tumor, is a mass of
abnormal cells that forms in the endocrine tissues of pancreas, which can be
benign or malignant. In benign islet cell tumors, 80% (8/10) of cases were negative
for CD90. Only 20% of benign islet cell tumors showed moderate CD90
expression, which was present on both fibroblasts and tumor cells (Figure S3 in S1
File).
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Fig. 1. CD90 expression in normal human pancreas. (A) A representative image of normal pancreas
showed negative expression of CD90. (B) Minimal CD90 expression was observed on the connective tissues
(arrows). The fibroblasts surrounding the pancreatic main duct (asterisk) showed weak CD90 expression. No
expression of CD90 was observed on ducts, acini, islets, and blood vessels. Scale bars =100 pm.

doi:10.1371/journal.pone.0115507.9001

Overexpression of CD90 in Pancreatic Cancer

Pancreatic adenocarcinoma (PDAC) is the most common type of pancreatic
malignancies, accounting for over 90% of all pancreatic cancers. In PDACs, CD90
was highly overexpressed. 92.8% (91/98) of PDAC specimens were positive for
CD90, with strong or moderate staining on stromal cells. As shown in Fig. 3,

DAPI Merge

(A)

(B)

Fig. 2. Increased CD90 expression (green) was observed on the activated fibroblasts in chronic pancreatitis. (A) A representative image of
pancreatitis tissue showed moderate expression of CD90 in fibroblast cells (indicated by arrows). (B) Fibroblasts around a duct (asterisk) showed distinctly
strong expression of CD90 in pancreatitis. The insert is a higher magnification of the ductal area. Nuclei were stained with DAPI (blue). Scale bars =100 pm.

doi:10.1371/journal.pone.0115507.9002
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Early
stage

Late
stage

Fig. 3. Overexpression of CD90 in the stroma of pancreatic adenocarcinoma (PDAC). In both early (I and
II) and late stages (lIl and 1V) of PDACs, CD90 expression was highly increased, which was abundantly
present in the activated stroma, including fibroblasts and vascular endothelial cells. The positive CD90*
stromal cells were clustered around the malignant ducts. The circle insert in 31 showed a single layer of CD90*
fibroblasts closely localized around tumor duct. The square inserts in 31-31V showed strong CD90 expression
on vascular endothelial cells in PDAC stage |, II, lll and IV, respectively.

doi:10.1371/journal.pone.0115507.g003

CD90 was abundantly expressed in the activated stromal cells, including
fibroblasts and vascular endothelial cells, in both early and late stages of PDAC.
Abundant CD90" fibroblasts were present in all stages, which were found around/
related to malignant ducts, as well as blood vessels and pancreatic lobules. Note
that, in stage I, a single layer of CD90" stromal fibroblastic cells was surrounding
the duct-like structure (marked by a circle in Fig. 3I). In addition, CD90
expression on vascular endothelial cells was significantly increased in all stages of
PDAC (square inserts in Fig. 31-31V), which could distinguish PDAC from
normal and non-malignant pancreatic tissues.

We further evaluated the subcellular distribution of CD90 expression in PDACs
by using immunofluorescence staining (Fig. 4). CD90 expression was dominantly
present in fibroblasts. The insert in Fig. 41 and 411I showed membrane expression
of CD90 on vascular endothelial cells. It is notable that, in late stages of PDAC,
membrane expression of CD90 was rarely observed on the apical cell surface of
malignant ducts which were marked with asterisks in Fig. 4III and indicated with
arrows in Fig. 4IV. The detection of CD90 expression on tumor cells in late-stage
PDAC in the immunofluorescence staining method may be because the
fluorophore is several times more sensitive than the chromophore, such as DAB
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CD90

(A) Stage |

(B) Stage Il

(C) Stage lll

(D) Stage IV

DAPI Merge

Fig. 4. Distribution of CD90 in PDAC of early and late stages evaluated by immunofluorescence staining (green). DAPI counterstaining was used to
visualize nuclei (blue). In early-stage PDACs, CD90 is abundantly expressed on stromal cells, including activated fibroblasts and vascular cells which form
the basis for blood vessels (shown in square). Membrane expression of CD90 on the apical cell surface was rarely observed in malignant ducts in late-stage
PDACs (marked with a star or arrow). Expression was also observed on endothelial cells (in red circle). Scale bars =100 pm.

doi:10.1371/journal.pone.0115507.9004

used in the immunoperoxidase method. Abundant cytoplasmic expression was
also observed on endothelial cells in late stage PDACs (Fig. 41V).

The expression of CD90 in metastatic PDAC that has spread to liver, lymph
node, abdominal cavity, or omentum, was also investigated (Figure S4 in S1 File).
As shown in Figure S$4 in S1 File, moderate to strong expression of CD90 was
observed on fibroblasts in these metastatic carcinomas. In addition, the metastatic
carcinoma to abdominal cavity also showed strong CD90 expression on the
perivascular niche, suggesting the angiogenesis potential of CD90" cells in
metastatic cancer.

In addition to PDAC, we investigated the expression of CD90 in malignant
pancreatic neuroendocrine tumor (PNET) and adenosquamous carcinoma
(PASC), which are two rare subtypes of pancreatic cancer accounting for less than
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5% [13] and 4% [14] of all pancreatic malignancies, respectively. Due to the
limited access to PNET and PASC samples in the United States, only 4 cases of
PNET (also called islet cell carcinoma) and 5 cases of PASC tissue samples were
included in this study. As shown in Figure S5 in S1 File, strong CD90 expression
(green) was present on the endothelial tumor cells in PNET samples. However, in
PASC, strong CD90 expression was observed in both stromal cells (indicated by
arrows) and tumor cells (Figure S5 in S1 File). The insert in Figure S5 in S1 File is
a higher magnification showing CD90 expression on tumor cells in PASC. Due to
the small sample size of PNET and PASC patients, the further statistical analysis of
CD90 expression in pancreatic cancer was focused on patients with PDAC.

Correlation of CD90 Expression with Clinicopathological Variables
To assess the association between CD90 expression and disease types, we first
tested whether the distribution of patient characteristics, such as age and gender,
are similar across all disease types analyzed in this study. The ANOVA analysis
showed that the normal pancreas group was on average younger than cancer
groups (p<<0.001), which is mainly because pancreatic cancer incidence is strongly
related to age. In addition, the normal group had more male subjects compared to
other groups and the Chi-square test suggested a significant difference in gender
across disease types (p=0.05). Therefore, statistical analyses of the association
between CD90 expression and disease types were adjusted for age and gender
using linear regression, also commonly referred to as ANCOVA in this setting.
CD90 expression in different patient groups was evaluated by the IHC staining
score (from 0 to 12), which was based on the product of percentage CD90" cells
(%pos; 0 = no staining, 1=<10%, 2=10-50%, 3=51-80%, 4=>80%) multi-
plied by stain intensity (0= negative, 1= weak, 2= moderate, 3= strong). As
shown in Fig. 5, the CD90 staining score (mean (SEM)) in normal pancreas,
adjacent normal tissue, chronic pancreatitis, and benign islet tumor was extremely
low, which was 0.70 (0.13), 0.80 (0.14), 1.36 (0.39), and 1.20 (0.66), respectively.
There was no significant difference in CD90 expression between non-malignant
cases and normal pancreas group. However, the staining score of CD90 was
distinctly increased in PDAC of all stages compared to that in non-malignant
cases (p<<0.0001). The staining score (mean (SEM)) of CD90 in PDAC stage I, II,
III/IV, and metastasis was 5.45 (0.49), 5.83 (0.45), 6.43 (0.84), and 4.50 (0.72),
respectively. Samples with metastatic pancreatic cancer also showed significantly
increased expression of CD90 compared to non-malignant cases (p<<0.05). In
addition to the raw group-specific means shown above, the age and gender
adjusted least square mean for each group is shown in Table 2. The overall test for
testing the association of disease type with CD90 expression yields a p-value less
than 0.0001, indicating that CD90 expression is strongly associated with disease
type. Further, the receiver operating characteristics (ROC) analysis indicated that
CD90 expression could distinguish PDAC from normal, chronic pancreatitis and
benign islet tumors with a specificity of 90% at a sensitivity of 84% (AUC=0.937).
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@'PLOS | ONE

Overexpression of CD90 in Pancreatic Adenocarcinoma

T
*kkk

1
*kkk

1
*kkk

1
*
1 1 1 1
Kkkk Kekkk Kk *
T T 1
Kok Kekdkk Kkkk
T T 1
dekkk Kk kk Kekkk
1 2 -1 0000 (111 * *
00000 /0000008 * ok
o 87 ®
bt
[¢]
0o
(2] J—
g’ 6 - X QOOOMIIO000 ‘GBESRARRRAAAR *ok ok ok ok ok L 244
£
©
b —
n 44 a x 00000000 [LLTYTYYY * % .
v a 0O 211 *
2 [ vvv aa 000 YY) * % .
aooooooooom SRR AAAA XX 0000 LT
0- 0000000 A AA A ALY AAA XXXXXX <
Normal Adjacent Chronic Benign Stagell Stage Il Stage llllIV  Metastatic
Pancreas  Normal  papcreatitis _Islet T Tumor
Tissue Tumor

Fig. 5. Comparison of staining score of CD90 expression among normal pancreas, cancer adjacent
normal tissue, chronic pancreatitis, benign islet tumor, PDAC of stage |, II, and IIl/IlV, and metastatic
tumor. P-values were determined in ANCOVA by comparing IHC scores between each group, adjusted for
age and gender, and the multiple comparisons are accounted for using the Tukey’s method. The CD90
staining score was distinctly higher in PDAC of all stages compared to those in non-malignant cases
(p<0.0001). Samples with metastatic tumors also showed increased expression of CD90 than in non-

malignant cases (p<<0.05). (*: p<<0.05; ****: p<<0.0001).

doi:10.1371/journal.pone.0115507.g005

Table 2. Relationship between CD90 expression and pancreatic disease types using linear regression model after adjustment for age and gender.

Characteristic Coefficient/LS mean (SE)

Age

Gender (female=1, male=0)
Disease type

Normal

Adjacent normal Tissue
Benign islet tumor

Chronic pancreatitis

PDAC

Metastasis

0.0042 (0.0018)
—0.647 (0.40)

0.62° (0.63)
0.85° (0.46)
1.43 (0.79)
1.41° (0.74)
5.76° (0.25)
4.35° (1.00)

0.84
0.10

<0.0001°¢

Note: 4indicates the coefficient.

Prepresents the least squares mean (LS mean) adjusted for age and gender.
“The overall significance of CD90 expression among disease types.

doi:10.1371/journal.pone.0115507.t002
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These results suggest that CD90 may serve as a promising marker for pancreatic
adenocarcinoma and CD90" cells might be associated with distant metastasis.

We also assessed the correlation of CD90 expression with the major
clinicopathological factors among PDAC subjects and results are shown in
Table 3. The result showed that CD90 expression was not associated with age
(p=0.63) and no significant difference of CD90 staining score was detected
among various PDAC stages (p=0.39), probably due to small sample size. It was
found that gender (p=0.03) and PDAC grade (p=0.009) are associated with CD90
expression, with females showing less CD90 expression and CD90 expression
decreasing with grades.

Subcellular CD90 and CD24 Expression

The double fluorescence IHC staining was performed to investigate the overlap
between CD90 and CD24, one of CSC markers for PDAC, and their subcellular
expression patterns. Consistent with a previous IHC study [15], CD24 showed
sparse expression in acinar cells in normal pancreas tissues (data not shown),
which was considered negative. In PDACs, CD24 expression was observed in 87%
of cases, with strong or moderate staining on both membrane and cytoplasm of
tumor cells (Fig. 6). CD24 exhibited a higher expression predominantly present
on the apical membrane of malignant ducts and vessels in high-stage tumors
(Fig. 6), as reported previously [16]. Compared to the dominant expression of
CD24 on the membrane of malignant tumor cells, CD90 was mainly localized in
the stroma, including fibroblasts and vascular endothelial cells. Although there
was little overlap between CD90 and CD24, interestingly, CD90" cells were
clustered in three to five layers around CD24" malignant ducts (Fig. 6B and 6C),
suggesting that CD90 may play a critical role in cancer-associated fibroblasts
which can promote pancreatic tumorigenesis and development.

Coexpression of CD90 with aSMA

Since CD90 expression was abundantly observed on fibroblasts in PDAC stromal
areas while pancreatic stellate cells (PSCs) are a major contributor to fibroblastic
proliferation and fibrosis in PDAC [17], we further performed double IF staining
of CD90 and aSMA (a PSC activation marker) to investigate the CD90™
population in pancreatic stellate cells (PSCs). As shown in Fig. 7, the double IF
staining revealed that CD90 mostly overlapped with aSMA (yellow or orange in
the merged images) in PDAC stroma, which demonstrate that CD90" stromal cells
consist largely of activated PSCs. The result is also consistent with the fact that
PSCs are a major contributor to fibroblastic proliferation and fibrosis in PDAC.
Interestingly, in stage I, a single layer of CD90" activated PSCs surrounded the
duct-like structure (Fig. 7A), suggesting that CD90" PSCs may play an important
role in tumor-stroma interactions in PDAC and modulation of fibroblast
proliferation.
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Table 3. Relationship between CD90 expression and clinicopahological factors among patients with pancreatic adenocarcinoma (PDAC).

Characteristic Coefficient/LS Mean (SE) m

Age 0.0147 (0.028) 0.63
Gender (female=1, male=0) —1.407 (0.63) 0.03
Grade 0.009
Grade 1 7.19° (0.61)

Grade 2 6.24° (0.51)

Grade 3 4.82° (0.49)

Stage 0.39
Stage | 5.37° (0.47)

Stage I 5.84° (0.47)

Stage Il/IV 6.66" (0.82)

Note: findicates the coefficient.
brepresents the least squares mean (LS mean) adjusted for age and gender.

doi:10.1371/journal.pone.0115507.t003

CD90 CD24 Merge

A) Stage |

B) Stage Il

C) Stage lll

D) Stage IV

Fig. 6. CD90 (green) and CD24 (red) expression in PDAC of early (A and B) and late (C and D) stages.
DAPI counterstaining was used to visualize nuclei (blue). Scale bars =50 um. There was little overlap
between CD90 and CD24. However, CD90" stromal fibroblasts were localized to tumor glands where CD24
shows strong expression on the cell surface membrane, suggesting that cancer-associated stroma has a
function in tumor progression.

doi:10.1371/journal.pone.0115507.g006
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CD90 aSMA Merge

(A)

(B)

1

50.0 ym 4 . : 50.0 ym

Fig. 7. Double immunofluoresence staining of CD90 (green) and aSMA (red) on PDAC tissues. DAPI counterstaining was used to visualize nuclei
(blue). Yellow or orange represent the co-localization of CD90 and aSMA. (A) A stage | PDAC specimen exhibited a single layer of CD90" activated PSCs
(vellow) surrounding the duct-like structure. (B) Higher magnification of the stromal area in PDAC displaying an apparent overlap between CD90 and «SMA
(yellow or orange in the merged images). The IHC result showed that CD90 mostly overlapped with «SMA in PDAC stroma, demonstrating that CD90*
stromal cells consist largely of activated PSCs.

doi:10.1371/journal.pone.0115507.9007

Sirius Red staining has also been performed to evaluate the correlation of CD90
expression and the degree of collagen deposition. As shown in Figure S6 in S1 File,
Sirius Red stained for collagen in stromal areas of PDAC, which also exhibited
strong and abundant expression of CD90 (green) and aSMA (red). No collagen
staining was observed in tumoral areas. Apte et al. has reported that PDAC
patients showed colocalization of staining for collagen and aSMA in stromal
areas, indicating that activated PSCs were the predominant source of collagen in
the stromal reaction in PDAC [18]. Our study revealed the colocalization of
staining for collagen, CD90, and aSMA, which indicates that CD90" PSCs may
play an important role in the desmoplastic reaction in PDAC.

Coexpression of CD90 with CD31

CD90 expression on the vascular endothelial cells was further confirmed by
double fluorescence IHC staining with a vascular endothelial cell marker CD31. As
shown in Fig. 8, the merged images showed that, in the tumor vasculature of
PDACs, CD90 was co-localized with CD31 (indicated by arrows). CD90
expression on vascular endothelial cells was significantly increased in PDACs of all
stages compared to normal pancreas and chronic pancreatitis. The result indicates
that CD90 vascular immunostaining could distinguish PDAC from non-
malignant pancreatic tissues and the overexpression of CD90 in tumor vasculature
of PDAC may play a role in angiogenesis in pancreatic adenocarcinoma. In a

PLOS ONE | DOI:10.1371/journal.pone.0115507 December 23, 2014 14 /20



@'PLOS | ONE

Overexpression of CD90 in Pancreatic Adenocarcinoma

CD90 CD31

Merge

= AN

Fig. 8. Coexpression of CD90 (green) and CD31 (red) in PDAC. DAPI counterstaining was used to
visualize nuclei (blue). Scale bars =50 um. The merged images showed that CD90 was co-localized with
CD31 in the tumor vasculature (indicated by arrows) of PDACs.

doi:10.1371/journal.pone.0115507.g008

previous study, Foygel et al. reported that CD90 could serve as a target for PDAC
neovasculature imaging due to its significantly increased expression in PDAC
vessels [12]. The study only focused on CD90 expression on the vessels and in vivo
validated CD90 as a promising ultrasound molecular imaging target in PDAC
xenografts and transgenic mouse models of PDAC [12]. Our study revealed that
the significantly increased expression of CD90 occurred both in PDAC vascular
cells and activated PSCs. The double immunofluoresence staining of CD90 (green)
and CD31 (red) on pancreatic neuroendocrine tumor (PNET) showed that CD90
largely overlapped with CD31 (Figure S7 in S1 File), indicating that CD90 might
be a promising marker for pancreatic neuroendocrine carcinoma.

Double immunostaining of CD90 with CD45

Since leukocytes are recruited to the tumor stroma as a consequence of an
immune response against tumor, we performed double immunofluorescence (IF)
staining of CD90 with CD45 (leukocyte common antigen) to eliminate leukocytes
from CD90" stromal cells. As shown in Figure S8 in S1 File, CD45 was abundantly
expressed in chronic pancreatitis samples with a limited overlap with CD90
(yellow). However, CD45 was negative in early stage PDACs and exhibited sparse
expression in late stage PDACs. Interestingly, double staining data showed that
CD90™ cells were negative for CD45 in 98% (96/98) of PDACs, which excluded
leukocytes from the CD90" stromal population. Only 2% (2/98) of PDACs
showed a minimum overlap between CD90 and CD45 (Figure S8 in S1 File).
CD90 expression on the subpopulation of leukocytes has been reported in HIV-
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infected patients [19], however, in PDAC, leukocytes were excluded from CD90"
stromal cells.

Discussion

Pancreatic adenocarcinoma (PDAC) is a deadly neoplasm surrounded by a dense
reactive stroma called ‘desmoplastic stroma’ [20]. The desmoplastic stroma plays
an important role in pancreatic adenocarcinoma initiation, growth and
progression and contributes to the aggressiveness of this malignancy by fostering
tumor growth and metastatic spread [17,21]. The stroma of PDAC is composed
of different cell types, including fibroblasts, vascular cells, immune cells
(leukocytes), and pericytes [17]. Fibroblasts are the most abundant components
forming the bulk of PDAC stroma, which are also called cancer-associated
fibroblasts (CAFs) or activated pancreatic stellate cells (PSCs) [22,23]. Numerous
studies have demonstrated the importance of interactions between the stroma and
malignant epithelial cells of pancreatic adenocarcinoma, confirming that the
presence of a desmoplastic stroma is associated with worse clinical outcomes [24].

CD90 is a marker for several types of human stem cells, such as hematopoietic
stem cells, hepatic stem/progenitor cells, and mesenchymal stem cells [5, 6]. CD90
is an important regulator of cell-cell and cell-matrix interactions, with significant
roles in cellular adhesion and migration, nerve regeneration, and fibrosis [7].
CD90 also plays important roles in oncogenesis and has been identified as a
marker for cancer stem cells in various malignancies, such as liver cancer [8],
esophageal cancer [9], gastric cancer [25], and glioma [10]. CD90" CSCs not only
displayed tumorigenic capacity to initiate tumor and self-renewal, but also
conferred an enhanced metastatic potential [8, 9]. Besides the CSC properties of
CD90" cells in these cancers, CD90 expression has also been observed in stromal
cells (e.g. mesenchymal stem cells, cancer-associated fibroblasts, and endothe-
lium) of various cancers, and plays an important role in disease progression
26,27, 28].

In the present study, we found that the expression level of CD90 is significantly
increased in PDAC and its metastatic cancers compared to that in normal
pancreas and non-malignant cases, such as chronic pancreatitis and benign islet
tumors. Our immunohistochemical data demonstrated that CD90 was negative in
normal pancreas and 82.7% (24/29) of adjacent normal pancreas tissues, with
weak and sparse staining restricted on the connective tissues, which are less than
1% CD90™ cells. In non-malignant pancreatic disease, such as chronic pancreatitis
and benign islet cell tumors, an increased expression of CD90 was observed on the
activated fibroblasts. The positive expression of CD90 was observed in 36% (4/11)
of chronic pancreatitis and 20% of benign islet cell tumors. Note that no
expression of CD90 was observed in pancreatic ducts, acini, islets, or blood vessels
in normal pancreas, chronic pancreatitis or benign islet tumor.

In PDACs, CD90 expression was highly overexpressed where 92.8% (91/98) of
PDAC specimens were positive for CD90. CD90 was abundantly expressed in
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stromal cells, including fibroblasts and vascular endothelial cells. Abundant
CD90™ fibroblasts were present in all stages, which were found closely localized to
malignant ducts, as well as blood vessels and pancreatic lobules. Double IF
staining of CD90 and CD45 (leukocyte common antigen) showed that CD90"
cells were negative for CD45 in 98% (96/98) of PDACs, which excluded leukocytes
from the CD90" stromal population. Note that, in stage I, a single layer of CD90"
fibroblasts was observed closely localized around duct-like structures.
Interestingly, in late stage PDACs, CD90 was also expressed on the apical cell
surface of malignant ductal epithelia visualized by immunofluorescence (IF)
staining. In addition, moderate to strong CD90 expression was also present in
metastatic PDACs to liver, lymph node, abdominal cavity, and omentum.
Statistical analysis of IHC score of CD90 expression showed that CD90 was
significantly associated with PDAC (p<<0.0001) and its metastatic cancers
(p<<0.05). The significant overexpression of CD90 in PDAC as compared to
normal pancreas and non-malignant cases indicated that CD90 could serve as a
candidate marker for pancreatic adenocarcinoma.

The THC results suggest that CD90, a regulator of cell-cell and cell-matrix
interactions [7], may play an important role in tumor-stroma interactions in
PDAC and modulation of fibroblast proliferation and migration. The cancer-
associated fibroblasts can directly stimulate tumor cell proliferation through
provision of various growth factors and cytokines [21]. Tang et al. has reported
that CD90" cells in esophageal cancer possessed enhanced ability to both invade
and migrate [9]. The presence of CD90" cells has been associated with a high
incidence of distant organ metastasis in hepatocellular carcinoma [29]. CD90
overexpression was also observed in atypical meningiomas and meningioma
metastasis [30]. In this study, double IF staining of CD90 with aSMA revealed
that CD90" stromal cells consist largely of activated PSCs in PDAC. Activated
PSCs, with characteristics of myofibroblasts [31], exhibit a significant interaction
with pancreatic cancer cells that promotes cancer progression [23]. The CD90"
stromal cells in PDAC may form an environment that promotes tumor growth as
well as regional and distant metastasis [32].

Double fluorescence IHC staining of CD90 and CD24, one of CSC markers for
PDAC, showed that there was little overlap between these two markers. However,
CD90" cells were found clustered around CD24" malignant ducts, which further
suggests that CD90 may be involved in the tumor-stroma interactions and play a
role in cancer-associated fibroblasts to promote pancreatic tumorigenesis and
development [32]. Double fluorescence IHC staining of CD90 with a vascular
endothelial cell marker CD31 demonstrated that CD90 expression on vascular
endothelial cells was significantly increased in PDACs of all stages compared to
normal and non-malignant pancreatic tissues. The significantly elevated
expression of CD90 on vascular endothelial cells in PDAC suggests that CD90 may
play a role in tumor angiogenesis where new blood vessels are formed. In
addition, signals arising from the CD90" fibroblast-rich stroma may also promote
neovascularization [17].
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Conclusions

We have reported herein that CD90 was significantly overexpressed in patients
with PDAC as compared to normal pancreas, chronic pancreatitis, and benign
islet tumors. The abundant expression of CD90 was mainly localized in the stroma
of PDAC of all stages, including cancer-associated fibroblasts (also known as
activated pancreatic stellate cells) and vascular endothelial cells. The results
suggest that CD90 could serve as a candidate marker for pancreatic
adenocarcinoma. The CD90" stromal cells were clustered around malignant
pancreatic ductal cells, indicating that CD90 may be involved in the tumor-stroma
interaction and establish a favorable environment that promotes tumor
progression. To isolate CD90" stromal cells from PDAC by flow cytometry [33] or
immunostaining-directed laser capture microdissection (iLCM) [34] could
facilitate better understanding of the mechanisms by which CD90" fibrotic stroma
promotes tumor growth in pancreatic adenocarcinoma.

Supporting Information

S1 File. Combined Supporting Information file. Figure S1, The IHC result of
monoclonal IgG Isotype Control on human pancreatic adenocarcinoma tissues by
immunoperoxidase and immunofluorescence methods, respectively. Figure S2,
CD90 expression in the adjacent normal tissue (ANT) of pancreatic adenocarci-
noma. Figure §3, CD90 expression in benign islet cell tumors. Figure S4,
Expression of CD90 (green) in mtastatic pancreatic adenocarcinoma to liver,
lymph node, abdominal cavity, and omentum, respectively. Figure S5, Expression
of CD90 (green) in malignant pancreatic neuroendocrine tumor and adenos-
quamous carcinoma. Figure S6, A representative set of images showing the
colocalization of collagen, CD90 (green) and aSMA (red) staining in stromal area
of PDAC. Figure S7, Coexpression of CD90 (green) and CD31 (red) in pancreatic
neuroendocrine tumor. Figure S8, Double immunofluorescence staining of CD90
(green) and CDA45 (red) in chronic pancreatitis and pancreatic adenocarcinoma of
early (I and II) and late (III and IV) stages.
doi:10.1371/journal.pone.0115507.s001 (PDF)

Acknowledgments

We thank Dr. Jing Wu (University of Michigan) for her constructive suggestions
during the development of this research work.

Author Contributions

Conceived and designed the experiments: JZ DML. Performed the experiments: JZ
ST XL. Analyzed the data: JZ MZ. Contributed reagents/materials/analysis tools:
JZ ST XL MZ. Wrote the paper: JZ.

PLOS ONE | DOI:10.1371/journal.pone.0115507 December 23, 2014 18720


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0115507.s001

@'PLOS | ONE

Overexpression of CD90 in Pancreatic Adenocarcinoma

References

1.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Vidal M, Morris R, Grosveld F, Spanopoulou E (1990) Tissue-specific control elements of the Thy-1
gene. EMBO J 9: 833-840.

Saalbach A, Wetzig T, Haustein UF, Anderegg U (1999) Detection of human soluble Thy-1 in serum by
ELISA. Fibroblasts and activated endothelial cells are a possible source of soluble Thy-1 in serum. Cell
Tissue Res 298: 307-315.

Craig W, Kay R, Cutler RL, Lansdorp PM (1993) Expression of Thy-1 on human hematopoietic
progenitor cells. J Exp Med 177: 1331-1342.

Dennis JE, Esterly K, Awadallah A, Parrish CR, Poynter GM, et al. (2007) Clinical-scale expansion of
a mixed population of bone-marrow-derived stem and progenitor cells for potential use in bone-tissue
regeneration. Stem Cells 25: 2575-2582.

Herrera MB, Bruno S, Bulttiglieri S, Tetta C, Gatti S, et al. (2006) Isolation and characterization of a
stem cell population from adult human liver. Stem Cells 24: 2840-2850.

Dan YY, Riehle KJ, Lazaro C, Teoh N, Haque J, et al. (2006) Isolation of multipotent progenitor cells
from human fetal liver capable of differentiating into liver and mesenchymal lineages. Proc Natl Acad
Sci U S A 103: 9912-9917.

Rege TA, Hagood JS (2006) Thy-1 as a regulator of cell-cell and cell-matrix interactions in axon
regeneration, apoptosis, adhesion, migration, cancer, and fibrosis. FASEB J 20: 1045-1054.

Yang ZF, Ho DW, Ng MN, Lau CK, Yu WC, et al. (2008) Significance of CD90+ cancer stem cells in
human liver cancer. Cancer Cell 13: 153—-166.

Tang KH, Dai YD, Tong M, Chan YP, Kwan PS, et al. (2013) A CD90(+) tumor-initiating cell population
with an aggressive signature and metastatic capacity in esophageal cancer. Cancer Res 73: 2322-2332.

He J, Liu Y, Zhu T, Zhu J, Dimeco F, et al. (2012) CD90 is identified as a candidate marker for cancer
stem cells in primary high-grade gliomas using tissue microarrays. Mol Cell Proteomics 11: M111
010744.

Liu G, Yuan X, Zeng Z, Tunici P, Ng H, et al. (2006) Analysis of gene expression and chemoresistance
of CD133+ cancer stem cells in glioblastoma. Mol Cancer 5: 67.

Foygel K, Wang H, Machtaler S, Lutz AM, Chen R, et al. (2013) Detection of pancreatic ductal
adenocarcinoma in mice by ultrasound imaging of thymocyte differentiation antigen 1. Gastroenterology
145: 885-894 e883.

Davies K, Conlon KC (2009) Neuroendocrine tumors of the pancreas. Curr Gastroenterol Rep 11: 119—
127.

Alwaheeb S, Chetty R (2005) Adenosquamous carcinoma of the pancreas with an acantholytic pattern
together with osteoclast-like and pleomorphic giant cells. J Clin Pathol 58: 987-990.

Zhu J, He J, Liu Y, Simeone DM, Lubman DM (2012) Identification of glycoprotein markers for
pancreatic cancer CD24+CD44+ stem-like cells using nano-LC-MS/MS and tissue microarray.
J Proteome Res 11: 2272-2281.

Jacob J, Bellach J, Grutzmann R, Alldinger |, Pilarsky C, et al. (2004) Expression of CD24 in
adenocarcinomas of the pancreas correlates with higher tumor grades. Pancreatology 4: 454—-460.

Chu GC, Kimmelman AC, Hezel AF, DePinho RA (2007) Stromal biology of pancreatic cancer. J Cell
Biochem 101: 887-907.

Apte MV, Park S, Phillips PA, Santucci N, Goldstein D, et al. (2004) Desmoplastic reaction in
pancreatic cancer: role of pancreatic stellate cells. Pancreas 29: 179-187.

Guillot-Delost M, Le Gouvello S, Mesel-Lemoine M, Cherai M, Baillou C, et al. (2012) Human CD90
identifies Th17/Tc17 T cell subsets that are depleted in HIV-infected patients. J Immunol 188: 981-991.

Mahadevan D, Von Hoff DD (2007) Tumor-stroma interactions in pancreatic ductal adenocarcinoma.
Mol Cancer Ther 6: 1186-1197.

Pietras K, Ostman A (2010) Hallmarks of cancer: interactions with the tumor stroma. Exp Cell Res 316:
1324-1331.

PLOS ONE | DOI:10.1371/journal.pone.0115507 December 23, 2014 19720



@'PLOS | ONE

Overexpression of CD90 in Pancreatic Adenocarcinoma

22,

23.

24,

25,

26.

27.

28.

29,

30.

31.
32

33.

34.

Bartholin L (2012) Pancreatic cancer and the tumor microenvironment: Mesenchyme’s role in
pancreatic carcinogenesis.

Vonlaufen A, Joshi S, Qu C, Phillips PA, Xu Z, et al. (2008) Pancreatic stellate cells: partners in crime
with pancreatic cancer cells. Cancer Res 68: 2085-2093.

Erkan M, Michalski CW, Rieder S, Reiser-Erkan C, Abiatari I, et al. (2008) The activated stroma index
is a novel and independent prognostic marker in pancreatic ductal adenocarcinoma. Clin Gastroenterol
Hepatol 6: 1155-1161.

Jiang J, Zhang Y, Chuai S, Wang Z, Zheng D, et al. (2012) Trastuzumab (herceptin) targets gastric
cancer stem cells characterized by CD90 phenotype. Oncogene 31: 671-682.

Samaniego R, Estecha A, Relloso M, Longo N, Escat JL, et al. (2013) Mesenchymal contribution to
recruitment, infiltration, and positioning of leukocytes in human melanoma tissues. J Invest Dermatol
133: 2255-2264.

Schubert K, Gutknecht D, Koberle M, Anderegg U, Saalbach A (2013) Melanoma cells use Thy-1
(CD90) on endothelial cells for metastasis formation. Am J Pathol 182: 266—-276.

Sukowati CH, Anfuso B, Torre G, Francalanci P, Croce LS, et al. (2013) The expression of CD90/Thy-
1 in hepatocellular carcinoma: an in vivo and in vitro study. PLoS One 8: €76830.

Yamashita T, Honda M, Nakamoto Y, Baba M, Nio K, et al. (2013) Discrete nature of EpCAM+ and
CD90+ cancer stem cells in human hepatocellular carcinoma. Hepatology 57: 1484—1497.

Scognamiglio G, D’Antonio A, Rossi G, Cavazza A, Camerlingo R, et al. (2014) CD90 expression in
atypical meningiomas and meningioma metastasis. Am J Clin Pathol 141: 841-849.

Rasheed ZA, Matsui W, Maitra A (2012) Pathology of pancreatic stroma in PDAC.

Hwang RF, Moore T, Arumugam T, Ramachandran V, Amos KD, et al. (2008) Cancer-associated
stromal fibroblasts promote pancreatic tumor progression. Cancer Res 68: 918-926.

Subramaniam KS, Tham ST, Mohamed Z, Woo YL, Mat Adenan NA, et al. (2013) Cancer-associated
fibroblasts promote proliferation of endometrial cancer cells. PLoS One 8: e68923.

Zhu J, Nie S, Wu J, Lubman DM (2013) Target proteomic profiling of frozen pancreatic CD24+
adenocarcinoma tissues by immuno-laser capture microdissection and nano-LC-MS/MS. J Proteome
Res 12: 2791-2804.

PLOS ONE | DOI:10.1371/journal.pone.0115507 December 23, 2014 20/20



	Section_1
	Section_2
	Section_3
	Section_4
	Section_5
	TABLE_1
	Section_6
	Section_7
	Section_8
	Section_9
	Section_10
	Section_11
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Section_12
	Figure 5
	TABLE_2
	Section_13
	Section_14
	TABLE_3
	Figure 6
	Section_15
	Figure 7
	Section_16
	Figure 8
	Section_17
	Section_18
	Section_19
	Section_20
	Section_21
	Section_22
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23
	Reference 24
	Reference 25
	Reference 26
	Reference 27
	Reference 28
	Reference 29
	Reference 30
	Reference 31
	Reference 32
	Reference 33
	Reference 34

