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Abstract

In this work, we have developed a truncated DNA aptamer, termed XQ-2d, with high affinity and
specificity for pancreatic ductal adenocarcinoma (PDAC). Aptamer XQ-2d selectively binds to
PL45 cells with a dissociation constant in the nanomolar range, as determined by its recognition of
PL45 tumor cells in mice. Moreover, XQ-2d shows better recognition ratio for 40 tissue sections
of clinical PDAC samples (82.5%) compared to the initial cell-SELEX selection library (5%).
Therefore, XQ-2d can be considered a promising candidate as a tool for PDAC diagnosis and

treatment.
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Introduction

Pancreatic adenocarcinoma (PAC) is one of the
most lethal cancers. Pancreatic ductal adenocarcino-
mas (PDAC), as the main class of PAC, account for
around 95% cases of PAC [1]. Despite development in
detection and management of PAC in the past 50
years, prognosis of PAC remains very frustrating, and
the 5-year survival rate is less than 5% [2]. Surgery is
the only curative option for patients with malignant
disease localized to the pancreas [3]. Unfortunately,
80-85% of patients are diagnosed at the advanced
unresectable stage by the absence of early detection
tests and recognizable signs or symptoms for most
patients with localized disease [4, 5]. These circum-
stances call for the development of novel and effective
molecular probes specifically recognizing PAC to fa-

cilitate early diagnosis and effective therapeutics.
Early work to develop better diagnostic and
therapeutic molecular probes focused on the use of
antibodies for tumor recognition and targeted therapy
[6, 7]. However, the use of antibodies as molecular
probes often lacks ideal pharmacokinetics, and such
probes easily lose their activity during chemical mod-
ification and storage [8]. As an alternative molecular
probe, aptamers, often termed chemical antibodies,
have attracted extensive attention in bioanalysis and
biomedicine. Aptamers are single-stranded oligonu-
cleotides generated through an in vitro iterative selec-
tion process known as Systematic Evolution of Lig-
ands by EXponential enrichment (SELEX) [9, 10].
Aptamers recognize their targets, such as small or-
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ganic molecules, proteins, and intact cells, by folding
into distinct tertiary structures [11]. Besides high
binding affinity and specificity, aptamers also present
many advantages, including convenient synthesis,
easy chemical modification, no immunogenicity,
rapid tissue penetration, low variability between dif-
ferent batches and long-term stability [8].

SELEX against live cells (cell-SELEX) has ena-
bled the generation of aptamers that specifically bind
target molecules in their native conformations on the
cell surface without prior knowledge of the molecular
signatures of target cells [12-14]. An improved speci-
ficity can be also achieved by performing an addi-
tional subtractive selection to produce aptamers
against a given cell phenotype, even differentiating
tumor cells from normal cells [15, 16]. Up to now,
many aptamers have been selected by cell-SELEX
against various types of cancer, such as leukemia [12],
glioblastoma [13], liver cancer [17] and non-small cell
lung cancer [18], and these aptamers have played
important roles in molecular imaging [19, 20], capture
of circulating tumor cells [21-23], targeted therapy [24]
and biomarker discovery [25].

Herein, cell-SELEX was directed against the
pancreatic ductal adenocarcinoma PL45 cell line with
the human telomerase reverse transcriptase (WTERT)
immortalized pancreatic ductal epithelial cell line
(hTERT-HPNE) used for subtractive selection. After
15 cycles of selection, aptamer XQ-2 was able to dif-
ferentiate PL45 cells from hTERT-HPNE cells, and it
was, therefore, screened out. Aptamer XQ-2 bound to
PL45 cells with a K, in the nanomolar range. Trunca-
tion and chemical modification of aptamer XQ-2 were
studied in detail by flow cytometry. In vivo and ex vivo
fluorescence imaging demonstrated that the selected
aptamer could target the tumor site after intravenous
injection into nude mice grafted with PL45 cells.
Moreover, laser scanning confocal microscopy imag-
ing displayed that aptamer XQ-2d, a truncated ver-
sion of aptamer XQ-2, could specifically recognize
PDAC tissue with a detection ratio of 82.5%.

Materials and Methods

Cell lines and cell culture.

Human pancreatic ductal adenocarcinoma cell
line PL45, hTERT-HPNE cell line, CCRF-CEM cell line
and Ramos cell line were obtained from the American
Type Culture Collection (ATCC). Gastric cancer cell
line (MGC-803), breast cancer cell lines (MCF-7 and
MDA-MB-231), lung cancer cell lines (H1299, 95-C
and 95-D), colon carcinoma cell line (HCT116), mela-
noma cell line (SK23), human embryonic kidney epi-
thelial cell line (HEK293) and human embryonic lung
fibroblast cell line (MRC-5) were obtained from the

cell bank of Xiangya Hospital (Changsha, China). All
cell lines were cultured at 37 °C in a humid atmos-
phere with 5% CO,. PL45 cells, MDA-MB-231 cells,
MCEF-7 cells, MRC-5 cells, SK23 cells, HEK293 cells,
DU145 cells and 95-C cells were cultured in DMEM
medium supplemented with 10% fetal bovine serum
(FBS, Hyclone) and 100 U/mL  penicil-
lin-streptomycin. MGC-803 cells, HCT116 cells, H1299
cells, 95-D cells, CCRF-CEM cells, Ramos cells and
HL60 cells were cultured in RPMI-1640 medium sup-
plemented with 10% FBS and 100 U/mL penicil-
lin-streptomycin. 75% glucose-free DMEM medium
(with additional 2 mM L-glutamine and 1.5 g/L so-
dium bicarbonate) and 25% M3:Base™ were mixed
and then supplemented with 5% FBS, 10 ng/mL hu-
man recombinant EGF, 5.5 mM D-glucose and 750
ng/mL puromycin to make the complete growth me-
dium for culturing hTERT-HPNE cells.

DNA library, primers and buffers.

The library used in the cell-SELEX was a
42-nucleotide randomized region flanked by
19-nucleotide sequences for primer annealing (5'-ACC
GAC CGT GCT GGA CTC A (N)42 A CTA TGA GCG
AGC CTG GCG-3). For PCR amplification,
FAM-labeled forward primer (5'-FAM-ACC GAC
CGT GCT GGA CTC A-3’) and biotin-labeled reverse
primer (5’-biotin-CGC CAG GCT CGC TCA TAG
T-3") were used. All DNA sequences used in the
cell-SELEX were purchased from Sangon Biotech Co.
Ltd. (Shanghai, China). Washing buffer was prepared
with Dulbecco’s phosphate buffered saline (D-PBS)
supplemented with 4.5 g/L of glucose and 5 mM of
MgCl. Binding buffer was prepared with D-PBS
supplemented with 4.5 g/L of glucose, 5 mM of
MgCl, 0.1 mg/mL of yeast tRNA, and 1 mg/mL of
BSA.

Cell-SELEX procedures.

Cell-SELEX was carried out according to pre-
vious reports with minimal modification [12, 14]. The
initial DNA library was dissolved in binding buffer.
After denaturing at 95 °C for 5 min and immediate
cooling on ice for 10 min, the initial library was incu-
bated with PL45 cells cultured in a 100-mm culture
dish with 90% confluence for 2 h at 4 °C. After incu-
bation, the supernatant solution was removed, and
the cells were washed with washing buffer. Then
PLA45 cells were harvested and transferred to 500 uL of
water, and the cell-binding DNAs were collected by
heating at 95 °C for 10 min. The cell-binding DNA was
used as a template to prepare the evolved DNA pool
with FAM-labeled forward primer and biotin-labeled
reverse primer by PCR (6-14 cycles of 30 s at 95 °C, 30
s at 58 °C, and 30 s at 72 °C, followed by 5 min at 72
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°C). The double-stranded DNA (dsDNA) product was
then separated from the PCR solution by streptavi-
din-coated sepharose beads (GE Healthcare). After
treating with 0.2 M of NaOH, FAM-labeled ssDNA
was separated from dsDNA, desalted and lyophilized
for the next round of selection.

Starting from the third round, the evolved
ssDNA pool was first incubated with hTERT-HPNE
cells in a 60-mm culture dish with 90% confluence at 4
°C for 30 min for subtractive selection. The unbound
ssDNAs were then removed and applied on PL45
cells. To increase the stringency of the selection, the
positive incubation time was shortened from2 hto1h
as the number of selection rounds increased, and the
washing times were also extended gradually from 2 to
3 times. At the same time, negative incubation time
was gradually increased from 1 h to 2 h. From the 9th
round of selection, two successive subtractive selec-
tions were performed to maximize the removal of
ssDNA binding to normal pancreas cells. The evolved
ssDNA pool generated from the 15th round was
PCR-amplified and then high-throughput sequenced
using Illumina MiSeq (Sangon Biotech Co., Ltd.
Shanghai, China).

Flow cytometric analysis.

To monitor the enrichment, 3 x 105 PL45 cells or
hTERT-HPNE cells were incubated with 250 nM of
FAM-labeled evolved ssDNA pools and library in 200
uL of binding buffer at 4 °C for 1 h. To analyze the
binding ability of aptamer, each cell line (3 x 105 cells)
was incubated with 250 nM of aptamer or library in
200 pL of binding buffer at 4 °C for 1 h. To measure
the dissociation constant (K,) of aptamers, target PL45
cells (3 x 10%) were incubated with different concen-
trations of aptamer in 200 pL of binding buffer at 4 °C
for1h.

After incubation, each cell sample was washed
three times with 500 pL of washing buffer and then
resuspended in 500 pL of binding buffer for flow cy-
tometry analysis (BD FACSVerse™ flow cytometer).
All of the experiments for the binding assay were re-
peated three times. The K; of aptamer on PL45 cells
was determined by fitting the dependence of fluores-
cence intensity of cell/aptamer complex on aptamer
concentration with the equation Y =B max X/ ( Ky + X)
using SigmaPlot software (Jandel Scientific).

Target type analysis and internalization
analysis.

For target type analysis, PL45 cells were de-
tached with 200 pL 0.25% trypsin or 0.1 mg/ml Pro-
teinase K for 10 min, followed by the addition of FBS
to inhibit proteinase activity. After washing with
D-PBS, the detached cells were incubated with 250 nM

of aptamer in 200 pL of binding buffer at 4 °C for 1 h.
After washing, the cell samples were analyzed by
flow cytometry.

For internalization analysis, PL45 cells were in-
cubated with 250 nM of FAM-labeled aptamer or li-
brary in 200 pL of binding buffer at 37 °C for 2 h. After
incubation, cell samples were treated with 200 uL of
0.25% trypsin or 0.1 mg/ml Proteinase K at 37 °C for
10 min before FBS was added to inhibit proteinase
function. After washing, the cell samples were ana-
lyzed by flow cytometry.

Confocal microscopy imaging.

1.5 x 10° cells were seeded in a 35-mm glass
bottom dish and cultured for 24 h. After washing with
cold washing buffer, the cells were incubated with
Cyb-labeled aptamer (250 nM) in 1 mL of binding
buffer at 4 °C for 1 h. After washing twice, the cells
were imaged by a FV1000-X81 confocal microscope
(Olympus, Japan). The images were analyzed by
FV10-ASW Version 3.1.

Stability of aptamer in serum.

3 uM of FAM-labeled aptamer or
2'-O-methyl-modified aptamer were incubated in
DMEM with 10% FBS for different times at 37 °C. At
the assigned time, samples were flash frozen in a dry
ice/ethanol bath and then stored at -80 °C until all
samples were harvested. Samples were then thawed
on ice and run on 3% agarose gels. Band density was
assayed by a molecular imager (Bio-Rad).

In vivo and ex vivo fluorescence imaging.

Male athymic BALB/c (BALB/c-nude) mice
were purchased from the Shanghai SLAC Laboratory
Animal Co., Ltd. Four- to six-week-old nude mice
received a subcutaneous injection of 5 x 106 PL45 cells
into the backside. Tumors were then allowed to grow
over a period of 15 to 20 days until reaching 0.5-1.5 cm
in diameter.

Tumor-bearing BALB/c nude mice were anes-
thetized with both tranquilizer and anesthetic. Once
the mice were anesthetized to be motionless, 4.5 nmol
of Cyb5-labeled aptamer or library was injected intra-
venously via the tail vein. At certain time points, flu-
orescence images of live mice were collected by an
IVIS Lumina II in vivo imaging system (Caliper
LifeSicence, USA). For the ex vivo fluorescence ex-
periment, tumor-bearing mice intravenously injected
with Cyb-labeled aptamers or library were sacrificed
by cervical dislocation under narcosis 1 h after injec-
tion. After anatomization, the dissected organs, in-
cluding liver, kidney, spleen, lung, heart and tumor
tissue, were imaged with the IVIS Lumina II in vivo
imaging system, as described above.
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Staining of human tumor tissue sections using
selected aptamer.

The tissue microarray was purchased from US
Biomax (Xi'an AiLiNa Biotechnology Co., Ltd. China).
The pretreatment of Formalin fixed, paraffin embed-
ded (FFPE) tissue sections was described previously
[18]. Briefly, all the tissue sections were deparaffinized
in xylene to remove paraffin (15 min x 2) and then
immersed in a degraded ethanol series (100%, 95%,
90%, 80%, and 70%) at 5 min intervals to rehydrate.
After washing with D-PBS buffer, the hydrated tissue
sections were heated in citrate buffer (0.01 M, pH 6.0)
at 95 °C for 20 min to retrieve antigens. The prepared
tissue sections blocked with binding buffer, 20% FBS
and 0.1mg/ml Salmon Sperm DNA for 60 min were
incubated with 250 nM Cyb5-labeled aptamer or li-
brary in 200 pL of binding buffer for 30 min on ice in
the dark. A FV1000-X81 confocal microscope was
used for imaging. The images were analyzed by
FV10-ASW Version 3.1 (Olympus) and displayed with
the intensity scale ranging from 670 to 2940.

Results and discussion
Cell-SELEX against PDAC PL45 cells.

To generate aptamers against PDAC cancer
cells, the human PDAC PLA45 cell line was used as the
target, and the normal hTERT-HPNE cell line was
used for counter selection. The cell-SELEX process is
schematically shown in Figure 1. For the first two
rounds of selection, ssDNA library was only applied
on PL45 cell monolayer for positive selection. From
the third round of selection, the DNA library was first
incubated with normal hTERT-HPNE cells to remove
nonspecific sequences. The unbound DNA was col-
lected and then incubated with target PL45 cells for
positive selection. After washing, the bound DNA
was eluted and amplified for next-round selection.
During selection, the target cell-binding ability of

evolved ssDNA library was monitored by flow cy-
tometry. When PL45 cells were incubated with
FAM-labeled ssDNA pools from an increasing num-
ber of selection rounds, steady increases in fluores-
cence intensity from the target cells were observed
(Figure 2A). However, almost no increase in fluores-
cence signal was observed for hTERT-HPNE -cells
after incubation with FAM-labeled ssDNA pool from
the 15th selection round (Figure 2B). Therefore, the
ssDNA pool evolved from the 15t round of selection
was high-throughput sequenced with Illumina MiSeq.

The binding ability of DNA aptamer.

After sequencing, the aptamer candidates were
grouped based on homogeneity, and the first six
groups were synthesized for further research. The
results from flow cytometry and confocal microscopy
imaging demonstrated that aptamer XQ-2 had good
binding to the target PL45 cell line, but not to the
negative cell line, hTERT-HPNE (Figure 3). These re-
sults suggested that aptamer XQ-2 might be capable
of distinguishing PL45 cells from normal cells.
Therefore, aptamer XQ-2 was further tested for its
binding affinity to the PL45 cell line. To accomplish
this, PL45 cells were incubated with different concen-
trations of FAM-labeled aptamers or initial library at 4
°C, followed by monitoring the fluorescence intensity
of cell sample by flow cytometry. After the geometric
mean fluorescence (GMF) intensity of cell samples
treated with library was subtracted from that of cell
samples treated with XQ-2, the equilibrium dissocia-
tion constants (Kj) of XQ-2 for PL45 cells were ob-
tained by fitting the dependence of fluorescence in-
tensity of samples on the concentration of the ap-
tamers to the equation Y =B max X/( Ka +X). As
shown in Supplementary Figure S1, the K; of aptamer
XQ-2 for PL45 cells was about 82.5 nM, demonstrating
that the selected aptamer XQ-2 could bind with high
affinity to target PL45 cells.
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Figure 1. Scheme of systematic enrichment of aptamers against PDAC PL45 cell line. The DNA library was incubated with hTERT-HPNE cells (negative cells) to remove negative
cell-binding sequences. The unbound DNAs were collected and then incubated with target PL45 cell line for positive selection. After washing, the bound DNAs were eluted and
amplified by PCR for next-round selection. After enrichment, DNA sequencing was performed to identify individual aptamer sequences.
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Figure 2. Binding ability of enriched ssDNA library and unselected library to PL45 cells (a) and hTERT-HPNE cells (b). The concentration of ssDNA pool was 250 nM.
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Figure 3. Flow cytometric assay (a, b) and confocal microscopy assay (c) of the binding of aptamer XQ-2 (250 nM) to hTERT-HPNE cells and PL45 cells. The unselected initial

library (250 nM) was used as control. Scale bar = 100 ym.

To test the binding ability of aptamer XQ-2 for
other cell lines, 14 cell lines, including 12 cancer cell
lines and 2 normal cell lines, were incubated with 250
nM of FAM-labeled aptamers at 4 °C for 1 h, respec-
tively. As shown in Figure 4, aptamer XQ-2 strongly
bound three leukemia cell lines (HL60, CCRF-CEM,
and Ramos), prostate cancer DU145 cell line, gastric
cancer MGC-803 cells, breast cancer MDA-MB-231 cell
line and two lung cancer cell lines (95-C and H1299).
However, it showed little binding affinity for four
other cancer cell lines, including breast cancer MCF-7,
lung cancer 95-D, colon carcinoma HCT116 and hu-
man melanoma SK23 cells, when compared with
FAM-labeled library. Moreover, aptamer XQ-2
showed no binding ability to two other normal cell
lines: primary fibroblast MRC5 and human embryonic

kidney epithelial HEK293. These results indicate that
the target of aptamer XQ-2 is highly expressed in
HL60, CCRF-CEM, Ramos, DU145, MGC-803,
MDA-MB-231, 95-C and H1299 cancer cell lines, but
little in MCF-7, 95-D, HCT116 and SK23 cancer cell
lines. It could therefore be expected that the selected
aptamer XQ-2 could be used as molecular probe for
recognizing some kinds of cancer cells, as well as dif-
ferentiating their subtypes.

Determination of target type for aptamer
XQ-2.

Because of its overexpression in certain kinds of
cancer cell lines, the target of aptamer XQ-2 was fur-
ther characterized. To determine if the binding target
of XQ-2 is an extracellular membrane protein, the
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binding affinity of XQ-2 against PL45 cells treated
with trypsin or proteinase K was investigated. For
PL45 cells treated with trypsin or proteinase K for 10
min, as shown in Figure 5A, XQ-2 lost its binding
ability. The significant loss of binding ability of XQ-2
to cells treated with proteinase suggests that the
binding targets of XQ-2 are most likely extracellular
proteins. To investigate whether XQ-2 could be in-
ternalized into PL45 cells, the intracellular fluores-
cence signals of the targeted cells were analyzed by

flow cytometry after removing the fluorescence sig-
nals on the cell surface by trypsin or proteinase K. As
shown in Figure 5B, the removal of the fluorescence
signals on the cell surface caused the disappearance of
fluorescence signals of target cells, indicating there
were little intracellular fluorescence signals. Thus, it
might be deduced from these data that aptamer XQ-2
mainly localized on the target PL45 cell surface after
incubation at 37 °C for 2 h.
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Figure 4. Binding ability of aptamer XQ-2 (250 nM, red line) on different cell lines. The unselected initial library (250 nM, black line) was used as control.
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Figure 5. (a) Binding ability of aptamer XQ-2 (250 nM) to PL45 cells with no pretreatment and pretreatment with proteinase K or trypsin for 10 min. (b) Internalized assay of

aptamer XQ-2 (250 nM) in PL45 cells after incubation at 37 °C for 2 h.
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Figure 6. Truncation of aptamer XQ-2 and characterization of XQ-2d. (a) Binding ability of different truncated versions by removing nucleotides at 5’ and 3’-terminus (250 nM)
on target PL45 cells. (b) Secondary structure of XQ-2d predicted by Nupack. (c) Binding assay of XQ-2d (250 nM) to PL45 cells in the presence of XQ-2 (2.5 pM) or unselected

library (2.5 pM). (d) Dissociation constant of truncated XQ-2d for target PL45 cells.

Sequence truncation and chemical
modification of aptamer XQ-2.

To reduce the cost of DNA synthesis, the
full-length aptamer XQ-2 (80nt, 1-80) is required
truncation, but with minimal loss in binding ability.
Six kinds of truncated versions of the XQ-2 aptamer
were synthesized by gradually removing the nucleo-
tides at the 5" and 3’ termini (Supplementary Table S1)
and then testing the binding ability to PL45 cells by
flow cytometry. It could be seen that XQ-2a (65nt,
10-74) and XQ-2d (56nt, 15-70) kept strong binding
affinity (Figure 6A). However, further truncation re-
sulted in reduction of the binding ability shown by
full-length XQ-2. The structure of XQ-2d was pre-
dicted by Nupack as a stem-loop structure with two
hairpins on the loop (Figure 6B). When the stem of
XQ-2d was replaced by other base pairs or random
bases, or the loop of XQ-2d was replaced by random
bases, respectively (Supplementary Table S2), these
substitutions caused the loss of binding ability of
XQ-2d (Supplementary Figure S2), indicating that the
bases from stem and loop are responsible for the
binding function of XQ-2d. When PL45 cells were
incubated with XQ-2d in the presence of 15-fold XQ-2
or initial library, it was found that XQ-2, but not li-
brary, could inhibit the binding of XQ-2d to PL45 cells
(Figure 6C). Since the binding inhibition might be
derived from by the fact that the binding site of XQ-2d

on the targeted PL45 cell surface were occupied by
10-fold molar excess of XQ-2, this competition assay
proved that XQ-2 and XQ-2d bound to the same pro-
tein target on the surface of PL45 cells. Thus, XQ-2d
was suggested as the most suitable truncated form of
XQ-2 still able to maintain strong binding affinity
based on their respective Kss (55.02 nM, Figure 6D vs.
82.5 nM, Supplementary Figure S1), while still re-
taining the selectivity of full-length XQ-2, which had
little, to no, binding to hTERT-HPNE cells (Supple-
mentary Figure S3).

To increase the stability in serum for further ap-
plication, the four bases in the 5 and 3’ termini of
XQ-2d were replaced by either phosphorothioate oli-
gonucleotides or 2’-O-methyl oligonucleotides (Sup-
plementary Table S3). Flow cytometry showed that
the substitution with phosphorothioate oligonucleo-
tides weakened the binding ability of XQ-2d to the
target PL45 cells; however, the 2’-O-methyl substitu-
tion showed binding ability similar to that of XQ-2d
(Supplementary Figure 54). The stability of XQ-2d in
DMEM cell medium 10% FBS, with or without
2’-methyl oligonucleotides, was further tested by agar
electrophoresis. It could be seen that nearly all XQ-2d
was degraded 24 h after incubation in 10% FBS;
however, the 2’-O-methyl substitution could last 36 h
in 10% FBS (Supplementary Figure S5). These results
suggested that the modification of XQ-2d with
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2’-O-methyl oligonucleotides could provide a nucle-
ase-resistant aptamer for further applications.

In vivo and ex vivo fluorescence imaging.

To test whether aptamer XQ-2d retained its
recognition ability in vivo, a systematic comparative
investigation was performed to validate the selectivity
of Cyb-labeled XQ-2d in illuminating PDAC in vivo,
using Cyb5-labeled library as the control. A weak flu-
orescence signal could be seen in the tumor site only 5
minutes after injecting XQ-2d into PDAC tu-
mor-bearing mouse through tail vein, followed by a
gradual increase of fluorescence signal at the tumor
site 1 h post-injection (Figure 7, lower). However, the
fluorescence signal significantly decreased at 2 h, and
almost disappeared at 3 h post-injection. After injec-
tion of Cyb-labeled library into BALB/c-nude mice
grafted with PDAC through tail vein, no fluorescence
signal was seen at the tumor site during the entire
procedure (Figure 7, upper). The biodistribution of
Cyb5-labeled aptamer in mice was also examined at 1 h
post-injection. It could be seen that the tumor site
from mice injected with Cy5-labeled aptamer pre-
sented higher fluorescence signal than that from mice
injected with Cy5-labeled library (Supplementary
Figure 56). Aptamer-injected tumor-bearing mice also
presented more accumulation in tumor than heart,
lung or spleen (Supplementary Figure S6), although

Imaging PDAC clinical tissues with aptamer.

To test the recognition ability of XQ-2d in clini-
cal samples, laser confocal fluorescence microscopy
was used to image 48-core tissue arrays with 40 PDAC
cases and 8 normal cases stained with Cy5-labeled
aptamer or library, respectively. It could be seen that
33 of the 40 PDAC tissues and 2 of the 8 normal tis-
sues displayed a fluorescence signal after incubation
with Cy5-labeled XQ-2d (Figure 8 and Supplementary
Figure S7). When another tissue array from the same
patients was incubated with Cy5-labeled library, 2 of
the 40 PDAC tissues and 2 of the 8 normal tissues
presented binding to XQ-2d. Therefore, the binding
ratio of XQ-2d to PDAC tissues was 82.5%, which was
higher than the binding ratio of library to PDAC tis-
sues (5%) from same patients (Table 1). The binding
ratio of XQ-2d to normal tissues was 25%. However, it
was noted XQ-2d bound to normal tissues as well as
library, indicating that the binding of XQ-2d to nor-
mal tissues was mainly nonspecific. These results in-
dicate that the target of aptamer XQ-2d was also ex-
pressed in patients with PDAC. Therefore, aptamer
XQ-2d holds potential as an effective molecular di-
agnostic reagent for recognizing PDAC tumor tissue.

Table 1. Tissue imaging results with XQ-2d

. R . ssDNA Tissue section Number of Positive
liver and kidney tissue both presented a fluorescence sample rate
signal after injection of XQ-2d (data not shown). These PDAC tissue 40 82.5%
results suggested that aptamer XQ-2d possessed in ~ Cy>-labeled XQ-2d Normal pancreatic tissue 8 25%
vivo PDAC-targeting ability, providing a potential Iabeled lib PDACftissue 40 %
molecular probe for diagnosis and therapy of PDAC. Cy>-labeled library Normal pancreatic tissue 8 25%

0 min 5 min 60 min 120 min 180 min

Cv3-library

Cv5-XQ-2d

x10%

Figure 7. PDAC tumor-bearing mice were intravenously injected with Cy5-labeled library or Cy5-labeled aptamer XQ-2d and then imaged. Upper: timelapse in vivo fluorescence
imaging after injection of Cy-5 labeled library. Lower: timelapse in vivo fluorescence imaging after injection of Cy-5 labeled library.
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Optical

/S-labeled library

Cy
Normal tissue section

100gm

-labeled XQ-2d

PDAC tissue section

Cy5

Figure 8. Representative florescence images of PDAC tissue sections and normal
tissue sections stained with Cy5-labeled aptamer XQ-2 (250 nM) or Cy5-labeled
library (250 nM). Scale bar = 100 pm.

Conclusions

In summary, a DNA aptamer against the PDAC
PL45 cell line has been successfully selected by
cell-SELEX through 15 rounds of evolved enrichment.
The K, value of aptamer on PL45 cells is in the nano-
molar range. The target of aptamer XQ-2 has been
preliminarily determined as a membrane protein on
the cell surface. Structural studies resulted in a trun-
cated XQ-2d with recognition ability to target cell
PL45 cells equal to that of XQ-2. In vivo imaging and
recognition of clinical samples indicate that
XQ-2/XQ-2d has potential for the diagnosis and mo-
lecular imaging of PDAC. Moreover, since
XQ-2/XQ-2d has high binding affinity in differenti-
ating cancer cells and normal cells, or subtypes of

tumor cell lines, aptamers targeting PDAC with sub-
sequent imaging capability might facilitate under-
standing the molecular mechanisms underlying on-
cogenesis.

Supplementary Materials

Figures S1-57 and Tables 51-S3.
http:/ /www.thno.org/v05p0985s1.pdf
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