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Conspectus

Molecular medicine is an emerging field focused on understanding the molecular basis of diseases
and translating this information into strategies for diagnosis and therapy. This approach could lead
to personalized medical treatments. Currently, our ability to understand human diseases at the
molecular level is limited by the lack of molecular tools to identify and characterize the distinct
molecular features of the disease state, especially for diseases such as cancer. Among the new tools
being developed by researchers including chemists, engineers and other scientists is a new class of
nucleic acid probes called aptamers, which are ssDNA/RNA molecules selected to target a wide
range of molecules and even cells. In this Account, we will focus on the use of aptamers, generated
from cell-based selections, as a novel molecular tool for cancer research.

Cancers originate from mutations of human genes. These genetic alterations result in molecular
changes to diseased cells, which, in turn, lead to changes in cell morphology and physiology. For
decades, clinicians have diagnosed cancers primarily based on the morphology of tumor cells or
tissues. However, this method does not always give an accurate diagnosis and does not allow
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clinicians to effectively assess the complex molecular alterations that are predictive of cancer
progression. Although genomics and proteomics do not yet allow a full access to this molecular
knowledge, aptamer probes represent one effective and practical avenue toward this goal. One special
feature of aptamers is that we can isolate them by selection against cancer cells without prior
knowledge of the number and arrangement of proteins on the cellular surface. These probes can
identify molecular differences between normal and tumor cells and can discriminate among tumor
cells of different classifications, at different disease stages, or from different patients.

This Account summarizes our recent efforts to develop aptamers through cell-SELEX for the study
of cancer and apply those aptamers in cancer diagnosis and therapy. We first discuss how we select
aptamers against live cancer cells. We then describe uses of these aptamers. Aptamers can serve as
agents for molecular profiling of specific cancer types. They can also be used to modify therapeutic
reagents to develop targeted cancer therapies. Aptamers are also aiding the discovery of new cancer
biomarkers through the recognition of membrane protein targets. Importantly, we demonstrate how
molecular assemblies can integrate the properties of aptamers and, for example, nanoparticles or
microfluidic devices, to improve cancer cell enrichment, detection and therapy.

Introduction
Aptamers, sometimes called chemical antibodies, are antibody-like molecules in that they
function primarily in molecular recognition. However, they are very different from antibodies
in both structure and properties. Aptamers are short, single-stranded oligonucleotides
generated from an in vitro method known as SELEX (Systematic Evolution of Ligands by
EXponential enrichment) [1–2]. The SELEX process normally starts with a random library of
1013 ~ 1016 ssDNA or ssRNA molecules and is followed by an iterative process that utilizes
PCR to specifically amplify sequences having high binding affinity to a target. The targets of
aptamers range from small organic molecules and metal ions to proteins, biological cells and
tissues [3–6]. By folding into distinct secondary and tertiary structures, aptamers can bind to
their targets with high affinity (dissociation constants on the order of uM to pM) and can
recognize their targets with specificity that is comparable to antibodies. Moreover, man-made
aptamers possess several advantages over natural-made antibodies [3–7]. These include quick
and reproducible synthesis, easy and controllable modification to fulfill different diagnostic
and therapeutic purposes, long-term stability as dry powder or in solution, ability to sustain
reversible denaturation, non-toxicity and lack of immunogenicity, and fast tissue penetration.
These chemical properties make aptamers ideal candidates as probes for use in molecular
medicine to elucidate the molecular foundation of diseases, particularly cancer.

Cell-based selection of aptamers specific to cancer cells
Aptamers have shown many important applications in bioanalysis and biomedicine [3–6].
Particularly, several aptamers have been developed against cancer-related proteins, such as
PDGF, VEGF, HER3, NFkB, tenascin-C, or PMSA [8–10]. Most of them were generated using
single purified proteins as targets. Recently, however, aptamer selection against complex
targets, especially whole cells, has been demonstrated and increasingly adopted [10–17]. The
advantage of aptamer selection against live cells with target proteins expressing on the cell
surface is straightforward: the cell-surface proteins keep their native conformations which are
critical for their biological functions. For example, aptamers that recognize human receptor
tyrosine kinase RET have been obtained with RET-expressing cells as targets [11]. In contrast
to protein-based SELEX, we emphasize in this review that cell-based selection can be carried
out without prior knowledge of a cell’s molecular signature. In other words, it is not necessary
to know the number or types of proteins on the cell membrane surface in order to generate
aptamers which will be highly useful for molecular recognition of cancer cells. It is the selection
process itself that differtiates different types of cells, thus making it possible to obtain aptamer
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probes which only bind to a specific type of cancer cells, not normal cells or other types of
cancer cells. Moreover, since the selection can be done with whole cells and many receptor
proteins exist on the cell membrane surfaces, a panel of aptamer probes can be selected to
profile the molecular characteristics of the target cancer type, which is a main objective in the
development of cell-based aptamers for use in cancer diagnosis and treatment.

To establish the method for cancer cell-based selection of aptamers, cultured precursor T cell
acute lymphoblastic leukemia (ALL) cell line, CCRF-CEM, was used as the target [17]. A
counter-selection using a B-cell line from human Burkitt's lymphoma, Ramos, as the negative
control, was added in the selection process to exclude DNA sequences that could bind to
common molecules on the leukemia cell surface. The typical cell-based selection process is
shown schematically in Figure 1A. Briefly, the CCRF-CEM cells were incubated with the
ssDNAs library on ice. After washing, the cell-surface-bound sequences were eluted by
heating. The eluted sequences were then allowed to interact with excess Ramos cells. Only the
sequences that remained free in the supernatant were collected and amplified by PCR to form
the starting pool for the next round of selection.

For the suspension cells, like leukemia cells, it was found that flow cytometry assay is the best
way to monitor the enrichment process by virtue of its quantitative nature, high statistical
precision, high speed and reproducibility. The DNA products collected after each selection
round were sampled for labeling with a fluorescence dye and incubated with CCRF-CEM cells
as well as Ramos cells. As the number of selection cycles increased, a corresponding steady
increase in fluorescence intensity of the CCRF-CEM cells was observed (Figure 1B), indicating
that DNA sequences with higher binding affinity to the target cells were enriched. In contrast,
there was no significant change in fluorescence intensity of the Ramos cells. Normally,
enriched pools are achieved after about 20 rounds; these can then be cloned and sequenced.
Using this method, several high affinity aptamers for CCRF-CEM cells have been obtained
with calculated Kds in the nM to pM range. Because they could specifically recognize CCRF-
CEM leukemia cells mixed with normal human bone marrow aspirates, the specificity of these
aptamers was demonstrated. We then further expanded our cell-based SELEX for solid tumor
adherent cells [18]. A nonenzymatic cell dissociation solution containing EDTA was used to
detach the adherent cells before incubating them with the labeled DNA pool. Flow cytometry
could then be applied to the cell suspension to monitor the enrichment process.

Panels of new aptamer probes have been successfully selected from cell-SELEX for several
types of cancer cells, including lymphocytic leukemia, myeloid leukemia, liver cancer, small
cell lung cancer, and non-small cell lung cancer [19–21]. This again highlights the usefulness
of cell-SELEX in selecting cancer cell-specific probes without the advantage of known targets.
These aptamers all showed high affinity and excellent specificity. However, for these aptamer
panels, it should be noted that more selection rounds and longer selection times are required
compared to SELEX with single compounds and that any damage to fragile cells during the
process does incur the risk of selection failure.

Similar to aptamers selected against purified proteins, aptamers from cell-SELEX can also be
analyzed to obtain the binding motif and be post-engineered to enhance their affinity or
functionality [22–24]. For example, Figure 2 shows a minimized aptamer, Sgc8c, which was
cut from the sequence, Sgc8, obtained in cell-SELEX. Further modification of Sgc8c with LNA
bases and PEG spacers resulted in its biostability, as demonstrated by increase in serum, and
two-fold higher affinity than the original aptamers [24]. This showed that the aptamers selected
from cancer cells are ready for biomedical applications.

In the following part of the review, we will explore the chemical biology approaches for these
new aptamers and their applications for cancer diagnosis and therapy.
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Aptamer-based cancer cell detection
Molecular profiling

Molecular-level differentiation of cancer cells is essential for accurate and early diagnosis
[25]. Given the complexity and diversity of cancers, even within similar cancer categories,
multiple specific molecular probes are usually needed to delineate unique molecular
fingerprints of tumor cells. The systematic production of a panel of antibodies for molecular
profiling of cancer cells with unknown biomarkers has proven to be very difficult. As
alternative strategies, the phage display peptide library and one-bead one-compound
combinatory peptide library have been applied to discover tumor cell-specific peptides [26].
Cell-based selection of aptamers is, however, superior to all of these methods by its use of
positive and negative cells to generate multiple probe molecules for cancer cell identification
and subcategorization. Moreover, compared to the peptide library (~108), the DNA/RNA
library for aptamers is usually much larger (~1016). The cell-SELEX method is also a simple,
fast, and economical way to generate high affinity and specific aptamers for molecular
recognition.

To test whether aptamers derived from cell-SELEX could be used for cancer cell recognition,
6 aptamers, which were respectively generated from two types of leukemia cells, Toledo cells
(B-cell ALL) and CCRF-CEM cells (T-ALL), were selected [27]. With more than 20 related
leukemia cell lines and the cells from normal human bone marrow aspirates, all of the aptamers
demonstrated excellent recognition of their targets, and combinations of selected aptamers
produced distinct patterns for different tumor cells. Therefore, these aptamers were next tested
for their ability to characterize real samples from leukemia patients. As shown in Table 1, three
aptamers (sgc8, sgc3, and sgd3) bound selectively to T-ALL patient samples. Moreover, the
differential binding of these three aptamers among the T-ALL patient samples showed the
ability of aptamers to distinguish molecular differences among patients with the same diagnosis
by current technology. Two aptamers (Sgc4 and sgd2) bound to a high percentage of cells in
one leukemia (AML) patient sample, indicating that this particular patient’s cells were
expressing surface markers similar to those from patients with T-ALL and B-ALL. These
results demonstrate the ability of these aptamers to specifically recognize molecular differences
between patients. Correlations between the differential aptamer-binding and the specific
phenotypes and prognosis of these patients are being investigated.

Aptamer-nanoparticle conjugation to enhance detection
Early diagnosis of cancer not only relies on the specificity of the molecular probes, but also
the sensitivity of their detection. Being DNA molecules with predicable structures and easy
site-specific chemical modification, aptamers can readily link to advanced signaling
mechanisms. We have attempted such a conjugation of aptamer with nanomaterials to enhance
cancer cell detection [28–32]. To explain, some cancer cells, especially those in the early stages
of disease development, may have a very low density of target on the cell surface available for
aptamer detection. Therefore, to increase the signal and enhance binding affinity, multivalent
binding, instead of single-aptamer binding, is usually considered to be an effective approach.
Nanomaterials are particularly advantageous as multivalent ligand scaffolds by virtue of their
large surface area and variable sizes. For example, we have synthesized Au-Ag nanorods (NRs)
12 nm × 56 nm in size as a nano-platform for multivalent binding by multiple aptamers on the
rod [28]. Up to 80 fluorophore-labeled sgc8 aptamers could be attached on one NR, leading to
a 26-fold higher affinity and over 300-fold higher fluorescence signal. The molecular assembly
of aptamers on nanomaterials clearly shows the potential of multivalency in the case of low
binding probes and/or low density binding sites. This also illustrates how molecular assemblies
can integrate the properties of aptamers and nanomaterials to improve cancer cell targeting.
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We have also developed a colorimetric assay for sensitive cancer cell detection using aptamers
conjugated with 50 nm gold nanoparticles [29]. The assembly of aptamer-gold nanoparticle
conjugates on the target cell surface resulted in a significant color change because the gold
nanoparticles were in close proximity which allowed their surface plasmon resonances to
overlap. The non-target cells did not display any change in color, and even a few nonspecific-
binding nanoparticles would not have been enough to drastically alter the spectral property of
the gold particles. The assay was quite sensitive, as 1,000 target cells could be readily detected
by the naked eye, and the detection limit based on simple absorbance measurements was 90
cells. Such a method, which allows us to distinguish cancer cells in a quick and simple way,
would therefore be advantageous in point-of-care diagnostics and large-scale cancer screening.

Cancer cell enrichment and detection
Detecting cancer at its earliest stage often requires the testing of body fluids, such as circulating
blood and sputum, where the malignant cells are present at very low concentrations. Thus,
developing an effective method for enriching and detecting cancer cells in low abundance is
critically important. We have developed two such strategies for cancer cell enrichment and
detection.

First, a novel two-nanoparticle assay was developed for the rapid collection and detection of
leukemia cells [30]. In this assay, aptamer-modified magnetic nanoparticles were used for
target cell extraction and enrichment, while aptamer-modified fluorescent dye-doped
nanoparticles were simultaneously added for sensitive cell detection. The small size and
relatively high surface area of the iron oxide-doped silica nanoparticles provide enhanced
extraction capabilities exceeding those of the commonly used micrometer-sized particles
[33]. The dye-doped nanoparticles enhance sensitivity by amplifying the signal intensity
corresponding to each aptamer binding event. Compared to immunophenotypic- and PCR-
based analyses, which take hours to complete, the two-particle assay was very fast, taking less
than 1 h to complete. The reproducible extraction of target cells from whole blood samples
was successfully carried out. We have extended this method for the collection and detection
of multiple cancer cells [31]. As shown in Figure 3, three different cell samples, CEM, Ramos,
and Toledo cells, were stepwise extracted and detected by fluorescent imaging using magnetic
nanoparticles and dye-doped nanoparticles modified by three aptamers.

Although the two-nanoparticle assay is efficient, one concern is that the nanoparticle labeling
may influence the analysis of extracted cells. In addition, the enrichment is limited as there is
no flow system allowing samples to flow through the binding agents. To address these
limitations, we have recently developed an aptamer-modified microfluidic device to capture
rare cells from a large amount of background cells without the need for much sample
pretreatment [32]. As a result of their small physical size and high surface area-to-volume ratio,
microfluidic devices are promising platforms to create inexpensive and fast biomedical assays.
Even though antibody-coated microfluidic devices have been demonstrated for the enrichment
of cancer cells [34], aptamers are a better choice for immobilization on microfluidic devices.
DNA-based devices can be stored for a long period of time and can be easily handled in clinical
settings. By covalently binding scg8 to a prototype microfabricated poly(dimethylsiloxane)
(PDMS) device (Figure 4), >80% capture efficiency with 97% purity for the target CEM cells
was obtained. It was found that a significant increase in cell capture efficiency could be
achieved by reducing the channel depth, and the pulsing of cell solutions instead of using a
constant fluid flow is proposed. To further enhance capture surface and, hence, capture
efficiency, micropillars or other microfeatures can also be adapted [34]. After enrichment, the
cancer cells can be detected by any sensitive detection strategy discussed above. The aptamer-
based microfluidic enrichment scheme is fast and economical and would therefore be a useful
tool for early diagnosis of cancer.
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Aptamer-based target therapy
The goal of molecular medicine is to change the current trial-and-error treatment to evidence-
based guided treatment, i.e., treating diseases with knowledge of their molecular origin and
molecular changes. Targeted therapy at the molecular level will greatly improve cancer
treatment with more efficacy, less toxicity, and fewer side effects. To create effective molecular
platforms that target cancer cells, but not normal cells, several strategies, such as immuno-
conjugates and peptide or protein conjugates, have been used [35–36]. However, with the
advantage of cell-SELEX in generating multiple cancer cell-specific aptamers, which have
better chemical properties than antibodies, we made significant strides in developing three
types of targeted therapy applications: intracellular delivery, targeted chemotherapy and
targeted phototherapy.

Targeted intracellular delivery
Considerable efforts have been made to incorporate aptamers into liposome vesicles or other
delivery vector systems (e.g., siRNA) for possible targeted intracellular drug delivery [36–
37]. While most of the existing aptamers cannot be directly taken up by cells, it is highly
desirable to generate new aptamers that can be internalized into cells to facilitate their simple
delivery. Up to now, the only successful example is the anti-PSMA (prostate-specific
membrane antigen) aptamers [37–39]. However, our cell-based SELEX generated many
aptamers available for evaluation. For example, we have studied the cellular internalization of
one particular aptamer, sgc8, against CEM cells [40]. The results showed that the aptamers
were specifically internalized to the target cells. Colocalization of the internalized aptamers
and transferrin indicated that the aptamer was taken up into the endosome (Figure 5), a key
intracellular compartment where the delivery agents release their cargos. No cytotoxicity was
observed when the cells were treated with sgc8, indicating that the aptamer is a promising agent
for cell type-specific intracellular delivery.

Targeted chemotherapy
The conjugation of antitumor chemicals to targeting reagents, such as aptamers or antibodies,
is a promising method that can increase the efficacy of chemotherapy and reduce its overall
toxicity [41,42]. Docetaxel-encapsulated nanoparticles formed by biodegradable polymer and
modified with anti-PMSA RNA aptamers have been successfully applied to a model animal,
significantly enhancing efficacy and reducing toxicity [42]. We covalently linked the antitumor
chemical doxorubicin (Dox) to the DNA aptamer sgc8c [43]. The sgc8c-Dox conjugate
possesses many of the properties of the sgc8c aptamer, including high binding affinity and the
capability to be efficiently internalized to endosome by target cells (Figure 6). Moreover, as a
result of the specific conjugation method, the acid-labile linkage connecting the sgc8c-Dox
conjugate can be cleaved inside the acidic endosome environment. Cell viability tests
demonstrate that the sgc8c-Dox conjugates not only possess potency similar to the
unconjugated Dox, but also have the required molecular specificity which is lacking in most
current targeted drug delivery strategies. Nonspecific uptake of membrane-permeable Dox to
non-target cell lines could also be inhibited by linking the drug with the aptamer. Compared
to the less effective reported Dox-immunoconjugates, this sgc8c-Dox conjugate makes targeted
chemotherapy more feasible with drugs having various potencies. This drug-aptamer
conjugation method will have broad implications for targeted drug delivery.

Targeted phototherapy
In recent years, photodynamic therapy (PDT), which takes advantage of the ability of a
photosensitizer to kill cells by generating reactive oxygen species upon irradiation, has received
much attention [44,45]. To overcome the current challenge in localization of photosensitizer
at the diseased site, we have engineered a molecular construct with a photosensitizer and a
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highly selective aptamer for targeted tumor cell phototherapy [46]. An aptamer, TD05, which
only recognizes Burkitt’s lymphoma Ramos cells, was used to chemically bind to an efficient
phototherapy reagent, Ce6. Introduction of TD05-ce6 followed by light irradiation effectively
destroyed the target Ramos cells, but not ALL cells or myeloid leukemia cell lines. As shown
in Figure 7, the cell death induced by TD05-Ce6 toxicity in Ramos cells was high, while the
toxicity observed in control CEM cells and other cell lines was over 50% less than the targeted
cell lines.

Another strategy we designed employs aptamer-nanorod conjugates for photothermal therapy
[47]. This was achieved by combining the high absorption efficiency of Au-Ag nanorods with
the target specificity of molecular aptamers to develop an efficient and selective therapeutic
agent for targeted cancer cell photothermal destruction. As mentioned before, aptamer Scg8
conjugated with Au-Ag nanorods showed excellent recognition ability to CEM cells with an
enhanced affinity exceeding that of the original aptamer probes. The high absorption
characteristic of our Au-Ag nanorods requires up to a relative 6 orders of lower laser exposure
than the other materials. When tested with both cell suspensions and solid tumor samples, these
aptamer conjugates showed excellent hyperthermia efficiency and selectivity.

Aptamer-directed cancer biomarker discovery
Biomarker discovery is a pressing task in molecular medicine [14,25]. Especially for many
types of cancers, the lack of effective biomarkers greatly hinders early diagnosis and effective
therapy. Although the combination of mass spectrometry (MS) and two-dimensional gel
electrophoresis (2D-GE) enables the analysis of the whole cell proteome and identification
cell-specific proteins, the main limitation of current biomarker discovery schemes is under-
representation of membrane proteins in proteome analysis, which mainly results from intensive
sample processing. It is estimated that 30% of proteins consists of membrane proteins and that
less than 5% of this total is recognized by 2D-GE-MS [48]. Differential selection of aptamers
from cell-SELEX facilitates biomarker discovery for membrane proteins. For example, the
surface marker that distinguishes mature from immature dendritic cells has been discovered
by this strategy [14]. In this discussion, we have shown how molecular probes generated by
the cell-based SELEX method can bind to a specific type of cancer cells with high specificity.
However, it should also be noted that these aptamers are expected to bind to some as yet
unidentified membrane proteins, or biomarkers, on the cell-surface membrane. We used
aptamer sgc8, which showed the highest affinity and specificity among the aptamers selected
for the target CEM cells, for its binding molecule elucidation [49].

The procedure for target membrane protein identification mainly includes the following steps:
1) preparation of a cell lysate from the target cells, 2) separation of the membrane fraction from
the soluble proteins, 3) extraction of the aptamer-protein complex, 4) separation of the target
protein by SDS-PAGE, 5) sequencing the protein by mass spectrometry and 6) validation of
the target protein. In our first try, sgc8 was labeled with a biotin tag, and its binding complex
with the target was extracted using streptavidin-coated magnetic beads. By comparing with
the control experiments using random DNA, characteristic protein bands on the SDS-PAGE
captured by sgc8 were digested and subjected to LC-MS/MS analysis. A transmembrane
receptor, PTK7 (protein tyrosine kinase 7), was identified and verified to be the aptamer target.
It is interesting to find the co-binding of sgc8 and anti-PTK7 antibody on PTK7, instead of
competitive binding, as evident by a linear relationship shown on CEM cells stained with anti-
PTK7-PE and sgc8-FITC in the flow cytometry results (Figure 8). Although PTK7 is also
known as colon carcinoma kinase-4 (CCK-4) and is reported to have a high expression level
in several tumors [50], its exact function is not yet clear. Our results suggested for the first time
a link between PTK7 over-expression and T-ALL cells.
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We have also identified the target of another aptamer, TD05, which is specific to Ramos cells
[51]. By chemical modification of TD05 with a photoactive group to covalently crosslink the
aptamers with its target, we improved upon the previous method to allow more efficient capture
and enrichment of the target receptors. Immunoglobulin Heavy mu chain (IGHM) was found
to be the target of TD05. It has been reported that IGHM expression level on premature B-
lymphocytes is closely related to Burkitt’s lymphoma development [52]. Therefore, using the
aptamer approach is effective in identifying cell membrane receptors that have altered
expression levels in tumor cells.

By developing high-quality aptamer probes through cell-SELEX and using them to identify
their target proteins, these studies demonstrate that new disease-related potential markers can
be discovered. This has major clinical implications in that the technique promises to improve
the overall effectiveness of biomarker discovery.

Conclusion and future perspective
Cell-SELEX provides an effective approach to generate a large number of aptamer probes that
specifically target a variety of cancer cells whose molecular makers are unknown. These
aptamers can be applied to many areas of cancer cell biology, generating a wide variety of
directions for future work. For example, the use of aptamers to stain patient samples and detect
cancer using flow cytometry or microscopy can be easily transferred to the clinic. Also, using
existing biotechnologies and analytical methods, we can functionalize aptamers by integrating
them into microfluidic devices and nanobiosensors in order to create inexpensive early
detection schemes. Furthermore, aptamers highly specific to cancer cells can be used as drug
targeting agents. This may result in reducing toxicity while increasing the efficacy of current
therapeutic drugs.

Another exciting new research focus will study the interactions between aptamers and the cells
they bind. Using cell-SELEX aptamers to fish for target proteins, new cancer biomarkers will
be discovered. Aptamers that are internalized by cells through their surface protein-binding
partners will be used to study internalization pathways. They can also function as regulators
to inhibit or activate the signaling pathways for the study of cancer development.

All these efforts will lead to an improved understanding of the biochemistry and molecular
basis of cancer, which will, in turn, spur exciting new technologies for detection, diagnosis,
and treatment of cancer. This aptamer-based chemical biology approach can also be applied
to the investigation of other diseases. With a large number of aptamers specific to different
types of disease cells, personalized medicine can become a practical reality. For instance, the
molecular profiling of blood or other easily obtainable bodily fluids will give a virtual picture
of an individual’s current state of health, as well as provide the potential prognosis factors.
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Figure 1.
(A) Schematics of the cell-based aptamer selection (B) Flow cytometry assay to monitor the
binding of selected pools with CCRF-CEM cells (target cells) and Ramos cells (negative cells).
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Figure 2.
Secondary structures of a selected aptamer and the truncated one.
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Figure 3.
Fluorescence images of the extracted mixed cell samples using the multiple extraction
procedure: (A) contains only Ramos cells; (B) contains CEM and Toledo cells; (C) contains
all three: CEM, Toledo, and Ramos cells.
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Figure 4.
Cell-surface density (A) and cell capture efficiency (B) for target cells (dots) and control cells
(squares) in the PDMS device under different conditions.
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Figure 5.
Co-localization of sgc8 and transferrin in endosomes.
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Figure 6.
The distribution of sgc8c-Dox conjugates inside CCRF-CEM cells after incubation with cells
for 30 min (A), 1 h (B), and 2 h (C), respectively. From left to right, the fluorescence confocal
images were monitored for sgc8c-Dox, transferrin-alexa633, overlay of these two channels,
and bright field channel, respectively.
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Figure 7.
Cell toxicity assay results for Ramos cells (P <0.05) after 30 min incubation followed by
irradiation of light for 4 h and subsequent growth for 36 h.
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Figure 8.
Flow cytometry assay of CEM cells stained with anti-PTK7-PE and sgc8-FITC.
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