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Background: Exosomes are important mediators of intercellular communications and play pivotal roles in
cancer progression, metastasis and chemoresistance. CD63 and CD9 are widely accepted exosomal markers.
In patients with pancreatic ductal adenocarcinoma (PDAC), positive correlation between CD9 expression
and overall survival (OS) was reported. CD63 expression was conserved in all patients with no reported
prognostic significance. This study explored the prognostic significance of CD63 and CD9 expression using
immunohistochemistry IHC) in patients with PDAC of mixed racial background.

Methods: Between 2012 and 2016, 49 patients with PDAC had available tissues for CD63 and CD9
staining using IHC. Two pathologists independently scored the CD63 and CD9 expression. Staining
intensity was graded from 1-3 and staining percentage was estimated in 10% increments. Mean Quick-score
(Q-score) (Intensity X Percentage of staining) was calculated.

Results: The mean Q-score for CD63 and CD9 are higher in primary tumor from the pancreas compared
to pancreatic tumor from metastatic sites (185 vs. 102, P=0.0002) and (48 vs. 20, P=0.0418) respectively. We
fitted Cox proportion hazard regression models to investigate the impact of the covariates CD63 and CD9
on progression free survival (PFS) and OS. CD63 has significant impact on PFS (P=0.0135) and OS (P=0.003).
The higher the CD63 Q-score, the longer the PES and OS. CD9 doesn’t have significant impact on PFS
(P=0.5734) or OS (P=0.2682). The mean CD63 and CD9 Q-scores are slightly higher in African American
(AA) compared to Caucasians (157 vs. 149, P=0.76) and (45 vs. 29, P=0.43) respectively.

Conclusions: CD63 and CD9 expression is higher in primary tumor from the pancreas compared to
pancreatic tumor from metastatic sites. There is correlation between CD63 expression (but not CD9 in this
cohort) and PFS and OS. To our knowledge, this is the first study to show prognostic significance of CD63
expression in patients with PDAC using THC. A trend of higher expression of CD63 and CD9 among AA

compared to Caucasians was also noticed.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the fourth
leading cause of death from cancer in men and women in
the United States. A total of 55,440 new cases and 44,330
deaths are estimated to occur in 2018 (1). The prognosis
of PDAC is notoriously poor, with a 5-year overall survival
(OS) after pancreaticoduodenectomy is approximately 10%
for node-positive disease while it is approximately 30%
for node-negative disease (2). Tumor stage is the most
important prognostic factor. Other prognostic factors for
resectable PDAC are the status of surgical margins, tumor
differentiation, presence of lymphatic invasion and CA 19-9
level (3).

A number of molecules have been explored as potential
prognostic marker for patients with PDAC (4,5). In a
systematic review of immunohistochemical biomarkers to
identify prognostic subgroups of patients with PDAC, none
of the molecular markers described could be recommended
for routine clinical use. They were identified in small
cohorts and there were inconsistencies between studies (4).
Genome-scale analysis in patients with early stage PDAC
after pancreaticoduodenectomy provided a new prospect for
prognostic biomarkers that might have clinical value in the
future. Due to the limitations in the study, the findings still
needed to be verified in large cohort studies prior to clinical
application (6).

Exosomes are membranous nanovesicles [extracellular
vesicles (EVs) of 30-150 nm diameter] of endocytic origin
secreted by most cell types from diverse organisms (7).
Depending on the cell of origin and the conditions for
secretions, exosomes appear to contribute to a diverse range
of biological processes and play pivotal role in mediating
intercellular and distant communication by transferring
various functional biomolecules including RNAs, DNA,
lipids and proteins (7,8).

PDAC-derived exosomes are involved in pre-metastatic
niche formation, distant metastasis and pro-metastatic
microenvironment (9). In addition to their role in
promoting metastasis, PDAC-derived exosomes facilitate
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epithelial-mesenchymal transition, enhance tumor cell
invasiveness, promote vascular destruction and invasion
and transport oncogenic abilities between different cell
types (10). Moreover, PDAC-derived exosomes play
novel roles in mediating acquired chemoresistance and
immunomodulatory effects (11,12).

Exosomal membranes are enriched in endosome-specific
tetraspanins (CD9, CD63, CD81) (12). In patients with
PDAC, the expression of the exosomal markers (CD63 and
CD9Y), using immunohistochemistry (IHC), is higher in
malignant cells compared to adjacent normal cells (13,14).
In patients with PDAC, positive correlation between CD9
expression and OS was reported (15). However, CD63
expression was conserved in all patients without reported
prognostic significance. According to previously published
reports, CD9 and CD63 are the most specific markers
for exosomes (16,17). Therefore, CD9 and CD63 were
selected for this study to explore the prognostic significance
of CD63 and CD9 expression using IHC in patients with
PDAC of mixed racial backgrounds.

Methods
Pancreatic tissue collection

This is a retrospective study conducted at the University
of South Alabama-Mitchell Cancer Institute in Mobile,
Alabama. Patients were identified through searching
the pancreatic cancer database. The University of South
Alabama Institutional Review Board (IRB) approved this
study and the IRB-approved database provided a waiver
of the requirement for informed consent and allowed for
publication of de-identified data.

Immunobhistochemical analysis

Two 5-pm sections were obtained from every pancreatic
tissue (resected pancreatic tissue/biopsy or metastatic site
biopsy). To study the expression of the exosomal markers
(CD63 and CDY), immunohistochemical staining was
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Table 1 Patients baseline characteristics (n=49)

Characteristics Number [%]

Age (years), median [range] 64 [42-85]
Sex
Male 26 [53]
Female 23 [47]
Ethnicity
White 33 [67]
African American 13 [27]
Other ethnicities 3 [6]
Stage
I, land Il 29 [59]
v 20 [41]
Tumor location
Head 25 [51]
Body 10 [20]
Tail 14 [29]

performed. The unstained slides were first deparaffinized
by using xylene (X1-10 min, X2-10 min) and subsequently
hydrated by sequential incubation in sequential dilution
of ethanol (100% EtOH 5 min, 70% EtOH 5 min, 50%
EtOH 5 min, 30% EtOH 5 min, rinse the slides in running
water 5 min). Thereafter, antigen retrieval was performed
using Declokar chamber (Biocare Medical, Concord, CA,
USA) with 1X Declokar buffer (Biocare Medical) followed
by blocking of the endogenous peroxidase by incubation
with peroxidase-1 (Biocare Medical). Later tissue sections
were blocked with Background Sniper (Biocare Medical)
for 10 min and incubated with the primary antibodies
against CD63 and CD9 (1:50 and 1:25, respectively) (mouse
monoclonal; Abcam, Cambridge, MA) overnight at 4 °C.
Post-incubation, sections were washed and incubated
with recommended polymer and probe (Biocare Medical)
according to the manufacturer’s protocol. Immunoreactivity
was visualized by DAB Chromogen followed by
haematoxylin counterstain. Tissue sections incubated with
normal mouse IgG (Santa Cruz Biotechnology Inc., Dallas,
TX, USA) served as the negative control.

Scoring of CD63 and CDY expression

Two pathologists independently scored the staining of
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CD63 and CD9. The intensity of cytoplasmic staining was
graded from 1 to 3:1 represents (weak), 2 (moderate) and 3
(strong). The percentage of stained cells was estimated in
10% increments. A multiplicative Quick-score (Q-score)
was calculated by multiplying the percentage of positive
cells by the intensity of the staining (18). The average
QQ-score was calculated for each section.

Statistical analysis

The events defining progression free survival (PFS) and
OS were death and recurrence/progression respectively.
The OS time was the duration in months from the date of
diagnosis until the date of death from any cause. Patients
known to be alive were censored at the time of last contact.
The PFS time was the duration in months from the date
of diagnosis until the date of documented progression/
recurrence or death, whichever happened earlier. The
difference in exosomal markers (CD63 and CD9) expression
between primary tumor and metastatic sites were compared
and reported using independent sample #-test, and the
results were further verified using Mann-Whitney U test
and permutation test. Significance level of 0.05 was used
to determine the significance of results. All tests were two-
sided. We fitted Cox proportion hazard regression models
to investigate the impact of the covariates CD63 and CD9
on PFS and OS. PFS and OS were estimated by the Kaplan-
Meier and column scatter plots methods.

Results

Between October 2012 and December 2016, 49 patients
with PDAC, treated at the University of South Alabama/
Mitchell Cancer Institute, had available tissues [resected
pancreatic tissue/biopsy (n=29) or metastatic site biopsy,
liver, omentum or bone (n=20)] for CD63 and CD9 staining
using IHC. The baseline characteristics of the patients are
summarized in Table 1.

In patients with metastatic stage IV PDAC (n=20), the
available tissue (biopsy) was from the metastatic site (liver,
omentum or bone). In Patients with non-metastatic stage I,
1T and TIT PDAC (n=29), the available tissue was from the
resected pancreas/pancreatic biopsy. The mean Q-scores for
CD63 and CD9 are higher in the primary tumor from the
pancreas compared to the pancreatic tumor from metastatic
sites (185 vs. 102, P=0.0002) and (48 vs. 20, P=0.0418)
respectively. Data is summarized in Table 2.

We fitted Cox proportion hazard regression models to
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Table 2 The mean CD63 and CD9 Q-scores (tissue origin and patients’ ethnicity)

Exosomal marker CD 63

Exosomal marker CD 9

Features Number
Mean Q-score P Mean Q-score P
Tissue origin 0.0002 0.0418
Pancreas 29 185 48
Metastatic sites 20 102 20
Ethnicity 0.76 0.43
Caucasian 33 149 29
African American 13 157 45

Overall survival
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Figure 1 PFS and OS survival curves according to CD63 expression estimated by Kaplan-Meier method. PFS, progression free survival;

OS, overall survival.

investigate the impact of the covariates CD63 and CD9
on PFS and OS. CD63 has significant impact on PFS
(P=0.0135) and OS (P=0.003). The higher the CD63
Q-score, the longer the PFS and OS. CD9 doesn’t have
significant impact on PFS (P=0.5734) or OS (P=0.2682).
The median PFS and OS were longer in patients with
PDAC with CD63 Q-score >100 compared to patients
with CD63 Q-score of 100 or less. In patients with CD63
Q-score of 101-200 and patients with CD63 Q-score >200,
the median PFS was 13 and 16 months respectively and the
median OS was 24 and 24 months respectively. However, in
patients with CD63 Q-score of 100 or less, the median PFS
was 1 month and the median OS was 2 months. Figure 1
shows Kaplan-Meier curves for PFS and OS according to
CD63 expression. Patients with PFS or OS of 6 months
or less tend to have less expression of CD63 while patients
with PES or OS more than 6 months tend to have higher

© Journal of Gastrointestinal Oncology. All rights reserved.

expression of CD63. Figure 2 shows column scatter plots
demonstrating CD63 expression in patients with PDAC
according to their PFS and OS.

The mean CD63 and CD9 Q-scores are slightly higher
in AA compared to Caucasians (157 vs. 149, P=0.76) and
(45 vs. 29, P=0.43) respectively. However, Caucasian
patients have significantly lower hazard than the AA patients
and patients of other ethnicities in term of PFS (0.42:1.0,
P=0.0429) and OS (0.24:0.10, P=0.002). Tuble 2 shows the
mean CD63 and CD9 Q-scores according to patients’
ethnicity.

Discussion

PDAC-derived exosomes participate in many steps that
are vital to cancer progression, metastasis, chemoresistance
and immune modulation. That makes PDAC-derived
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Figure 2 PFS and OS survival curves according to CD63 expression visualized using the column scatter plots. PES, progression free survival;

OS, overall survival.

exosomes potential biomarkers that might have prognostic
significance.

The exosomal marker CD9 (originally called motility-
related protein-1, MRP-1) is widely expressed glycoprotein
in hematopoietic tissues and non-hematopoietic tissues (19).
It has been suggested that low CD9 expression might be
associated with metastatic potential. The expression of
CD9 appears to diminish in the metastatic sites compared
to the primary tumor in patients with breast (using IHC
and immunoblotting) and colon (using differential display
cloning) cancer (20,21). In patients with PDAC, the
proportion of patients whose tumors had decreased CD9
expression increased from 14.3% of those with stage I to
85.7% of those with stage IV (15). In our study, the mean
Q-score of CD9 expression using IHC was higher in the
primary pancreatic tumor compared CD9 expression in the
pancreatic tumor from metastatic sites (48 vs. 20, P=0.0418).
The data from our cohort of patients with PDAC support
the presumed notion that low CD9 expression might be
associated with metastatic potential.

Similarly, the expression of CD63 is reported to be
stronger in patients with early stages of malignant melanoma
compared to patients with more advanced stages (22). In
patients with PDAC, the expression of CD63 was positive
in all cases (15). In our study, the mean Q-score of CD63
expression using IHC was higher in the primary pancreatic
tumor compared CDG63 expression in the pancreatic tumor
from metastatic sites (185 vs. 102, P=0.0002). The data
from our cohort of patients with PDAC show that there
is differential expression of CD63 and its quantitative
assessment is feasible. To our knowledge, our study is the
first to show that decreased CD63 expression using IHC
in patients with PDAC might be associated with metastatic
potential.

© Journal of Gastrointestinal Oncology. All rights reserved.

Decreased CD9 expression was associated with poor
prognosis in patients with breast cancer and lung cancer
(21,23). However, no prognostic significance of CD9
expression, using IHC, was observed in patients with
gastrointestinal stromal tumor (GIST) (24). In patients with
PDAC, low CD9 expression had a worse 1-year survival and
median OS compared to patients with high CD9 expression
(0% vs. 25.5%, P=0.0004; 226 vs. 397 days, P=0.018) (15).
In our study, the expression of CD9 was not associated
with statistically significant prognostic value. The lack of
statistical significance is likely due to technical difficulties
with CD9 expression in the biopsies from metastatic sites.
Staining for CD9 was performed twice on the biopsies from
metastatic sites. Staining was faint and in many patients
and in some patients the Q-score was zero. That was not
exactly the case on the tissues from the resected pancreatic
tissues, but still the Q-score was always not as strong as the
expression for CD63. It is important to report that Sho ez a/.
performed the CD9 THC staining on frozen sections
because of the notion that CD9 is not well preserved in
FFPE (formalin-fixed, paraffin-embedded) specimens.

Increased expression of CD63, using IHC, was associated
with poor prognosis in patients with GIST (24). In patients
with PDAC, the expression of CD63 was reportedly positive
in all patients without reported prognostic significance (15).
In our study, CD63 expression has significant impact on
PES and OS. The higher the CD63 Q-score, the longer
the PFS and OS. To our knowledge, our study is the first
to show that CD63 expression using IHC in patients with
PDAC has prognostic significance and correlate with PFS
and OS outcomes.

Under hypoxia, both AA and Caucasian prostate cancer
cells secrete higher number of exosomes (more so in
African American) (25). The difference in exosomal markers
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expression between different racial backgrounds is yet to
be fully explored. The reviewed literature that addressed
CD9 and CD63 expression in colon cancer, breast cancer,
melanoma and lung cancer did not report information
about their cohort ethnic background (20-23). In one study
that explored the expression of CD63 and CD9 in patients
with GIST, the patient cohort was ethnically homogenous
Caucasians. The studies that explored the expression of
CD63 and CD9 in patients with PDAC did not report
information about the ethnic background of the included
patients but one study was done in Japan (14,15). In our
cohort, the mean CD63 and CD9 Q-scores are slightly
higher in AA compared to Caucasians (157 vs. 149, P=0.76)
and (45 vs. 29, P=0.43), respectively. The reason the
difference was not statistically significant is possibly because
our cohort is small. Caucasian patients, despite having
slightly lower CD63 and CD9 expression in our cohort,
have significantly lower hazard than AA and patients of
other ethnicities in term of PFS (0.42:1.0, P=0.0429) and
OS (0.24:0.10, P=0.002). It is interesting to further study
exosomes as a potential marker that could shed more light
about the disparity in outcomes seen in different ethnic
backgrounds.

Our study has several limitations. This study is a
retrospective study and there are inherent limitations and
selection bias associated with a retrospective analysis of this
sort. It also represents a single institution experience and
the sample size is relatively small. There is also significant
heterogeneity in the patient population, including tumor
stage, tumor location within the pancreas and the treatment
considered by the treating oncologist. Moreover, although
exosomes possess great potential as novel prognostic
biomarkers, several challenges remain to be solved.

The exosomal markers (CD63 and CD9) detected using
IHC likely indicate the presence of a diverse group of
exosomes subtypes. In the context of cancer, it is critical to
determine the origin of exosomes and be able to distinguish
exosomes derived from tumor cells and exosomes derived
from non-tumor cells. Tumor cells-derived exosomes
possess unique contents and functions compared with non-
tumor cells-derived exosomes (26,27). In our study, despite
the positive correlation between CD63 expression and PFS
and OS, it should be noted that studying the expression
of CD63 is not enough to distinguish tumor cells-derived
exosomes from non-tumor cells-derived exosomes.

Exosomes transfer various functional biomolecules
including RNAs, DNA, lipids and proteins. The different
contents of exosomes likely exhibit different effect on the
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recipient cell and hence different prognostic significance.
In one study, it was suggested that macrophage migration
inhibitory factor (MIF) could be used as a prognostic
biomarker in PDAC. The level of macrophage MIF was
higher in exosomes isolated from PDAC patients with
disease progression compared to control healthy subjects
and PDAC patients who exhibited no disease progression
five years post diagnosis (9). In our study, despite the
demonstrated different expression pattern of CD63 and its
prognostic significance, the expression of CD63 does not
provide information about the content of the exosomes.

Exosomes play a role in many steps that are vital to
cancer progression, metastasis and chemoresistance but,
at the same time, exosomes have immunomodulatory
effects. Cancer cell-derived exosomes exhibit contradictory
functions on the immune system. Some cancer cells secrete
exosomes that could later be identified and captured by the
immune systems, leading to immune-surveillance and anti-
tumor activity (28-30). However, some cancer cells secrete
exosomes that could suppress the function of many immune
cells, leading to immune tolerance (28,30-32). In our study,
despite the demonstrated different expression patterns of
CD63 and its prognostic significance, the expression of
CD63 does not provide information about the effect of
exosomes on their recipient cells and especially the exact
effect on the immune system.

Despite the prognostic significance that we were able
to demonstrate, studies of larger cohorts and studies
that are capable of addressing the limitations that we
had in ours will likely provide more solid data about
the prognostic significance of exosomes in patients with
PDAC. Developing advanced protocols that are capable of
purifying selected exosomes subtypes and contents is critical
for precisely relating specific functions and physiological
properties to a specific subtype and content of exosomes.
Overall, our study should be considered hypothesis
generating rather than definitive due to its limitations.

Conclusions

In summary, CD63 and CD9 expression is higher in primary
tumor from the pancreas compared to pancreatic tumor
from metastatic sites. There is correlation between CD63
expression (but not CD9 in this cohort) and PFS and OS.
To our knowledge, this is the first study to show prognostic
significance of CD63 expression in patients with PDAC
using THC. A trend of higher expression of CD63 and CD9
among AA compared to Caucasians was also noticed.
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