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Since tenascin C is a factor expressed highly in the tumor-
associated matrix, it would be a desirable first step for 
targeting the tumor-specific microenvironment. In fact, a 
high level of tenascin C expression has been reported in 
most solid tumors, including lung cancer, colon cancer 
and glioblastoma. Therefore, the targeted binding of 
tenascin C in tumor stroma would inhibit tumor metastasis 
by modulating cancer cell growth and migration. We iso-
lated a peptide that bound to tenascin C by phage display 
peptide library selection, and the selected peptide specifi-
cally recognized tenascin C protein in xenograft mouse 
tissue. We also observed exclusive staining of tenascin C 
by the selected peptide in tumor patient tissues. Moreover, 
the peptide reduced tenascin C-induced cell rounding and 
migration. We propose that the tenascin C targeting pep-
tide may be useful as a specific anti-cancer diagnostic and 
therapeutic tool for most human solid tumors. 
 
 
INTRODUCTION 
 
Tumor tissue is unique in that the cells and extracellular matrix 
(ECM) are distinct from those of normal tissues (Fidler et al., 
2010). The tumor-specific microenvironment may play a role in 
tumorigenesis by accompanying changes in surrounding stro-
ma and ECM on top of genetic mutations in cancer cells them-
selves. Therefore, protein components expressed only in tumor 
tissue might be biomarkers for tumor sites in vivo, consequently 
making them valuable target proteins for therapeutics.  

The tenascin proteins (C, X, R, and W) are large ECM gly-
coproteins that form multimeric complexes and may contribute 
to pathological states by remodeling tissues. Tenascin C (TNC) 
is expressed during development but not in normal adult tissues 
(Chiquet-Ehrismann, 2004; Chiquet-Ehrismann and Tucker, 
2004). TNC is secreted from the cells and localized to the ex-
tracellular matrix in tumor microenvironments or to stromal cells 
surrounding tumor cells, so its exuberant expression appears to 

play a role in tumor progression by regulating cell adhesion and 
migration (Orend, 2005; Orend and Chiquet-Ehrismann, 2006). 
Even though the exact roles of TNC in tumorigenesis remain to 
be determined, the prominent expression of the protein in tumor 
tissues may potentially provide an excellent opportunity for 
targeting tumor sites for diagnosis and treatment of diverse 
solid tumors in vivo (Hsia and Schwarzbauer, 2005).  

A large isoform of TNC is generated by alternative splicing of 
mRNA and its protein expression has been shown to be asso-
ciated with tumor progression (Adams et al., 2002; Berndt et al., 
2006; Juuti et al., 2004). To further enhance the targeting po-
tential, the large isoform of TNC can be used as a target for 
tumor-specific microenvironments (Takeda et al., 2007). Thus, 
anti-TNC antibodies represent an effective means of tumor 
targeting and a radiolabeled monoclonal antibody is currently 
undergoing clinical evaluation (Akabani et al., 2005; Brack et al., 
2006; Silacci et al., 2006). In addition, RNA aptamers have 
been developed for use as targeting and imaging tools (Hicke 
et al., 2001; 2006). However, to expand the potential utility of 
TNC as a tumor microenvironment target, a versatile alternative 
molecule such as a small peptide should also be developed 
(Aggarwal et al., 2006; Jäger et al., 2007; Lee et al., 2007;  
Rasmussen et al., 2002).  

To develop TNC binding small peptides, we performed two 
independent selections against TNC proteins. We showed that 
the peptides recognized TNC in xenograft mouse models. Fur-
thermore, it specifically stained TNC rich stroma in the tissues 
of patients with lung cancer that may represent the metastatic 
invasion front. Moreover, inhibition of tumor migration was 
achieved by the peptide. We propose here that the TNC bind-
ing peptide can be used as a targeting tool for tumor tissues 
and for therapeutic agents.  
 
MATERIALS AND METHODS 

 
Ethics statement 
The lung tissue array was composed of 36 adenocarcinomas,  
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15 squamous cell carcinomas, one bronchioloalveolar cell car-
cinoma, and one normal lung, and was constructed from ar-
chived paraffin blocks at Bundang Hospital, Seoul National 
University. Using patient tissues for arrays has been approved 
by the Institutional Review Board (IRB). Informed consent has 
been exempted, because the tissue array was made from re-
sected tissues after a surgery and was used only for investiga-
tion purposes.  
 
Cell lines  
Colorectal cancer cell lines (HT-29, HCT116, and SW620) and 
glioblastoma cell lines (U118MG, U251, and T98G) were pur-
chased from the American Type Culture Collection (ATCC; 
USA). All the cell lines were cultured in Dulbecco’s Modified 
Eagle’s Medium (DMEM) with 10% Fetal Bovine Serum (FBS).  
 
RT-PCR  
Total cellular RNA was isolated with TRIzol (Invitrogen, USA), 
reverse transcribed with M-MuLV reverse transcriptase (Stra-
tagene, USA), and used in polymerase chain reaction (PCR) 
analysis. The following PCR primers were used: TNC, 5′-
GGTACAGTGGGACAGCAGGTG-3′ (forward) and 5′-AACTG 
GATTGAGTGTTCGTGG-3′ (reverse); GAPDH 5′-TGACATC 
AAGAAGGTGGTGA-3′ (forward) and 5′-TCCACCACCCTGT 
TGCTGTA-3′ (reverse). The complimentary DNA was sub-
jected to standard PCR and the products were analyzed on a 
2% agarose gel followed by ethidium bromide staining.  
 
Recombinant proteins 
Full-length TNC protein was purchased from Chemicon (USA). 
Fibronectin (FN) was purchased from Sigma-Aldrich (USA). 
Recombinant (His)6-tagged TNC protein was generated from 
the TNCfnA-D plasmid containing TNC alternative splice do-
main (kindly provided by Dr. Harold P. Erickson, Duke Univer-
sity Medical Center, USA). TNCfnA-D plasmid was amplified 
with TNCfnA-D sense (5′-ATAGGATCCGAACAAGCCCCT-3′) 
and the TNCfnA-D antisense (5′-GCCGGATCCCTATGTTGT 
TGC-3′) primers. The amplified fragment was inserted into the 
BamHI site of the pET28a+ vector (Novagen, USA) to generate 
(His)6-tagged-TNCfnA-D. The ligated DNA was used to trans-
form Escherichia coli BL21 (DE3) cells and the recombinant 
DNA was confirmed by DNA sequence analysis. To prepare 
(His)6-tagged-TNCfnA-D fusion proteins, transformed bacteria 
were cultured in LB medium with kanamycin to an optical den-
sity of 0.6 at 600 nm. Next, 0.4 mM isopropyl-1-thio-D-galac-
topyranoside (IPTG) was added and the cultures were incu-
bated for another 4 h at 30°C. The cells were collected by cen-
trifugation, resuspended in 15 ml of lysis buffer (50 mM NaH2PO4, 
300 mM NaCl, 10 mM imidazole; pH 8.0) with 1 mM phenyl-
methanesulfonyl fluoride and 1 mg/ml lysozyme, and sonicated 
for 7 min with a 30% pulse. After the lysate was cleared by 
centrifugation at 13,000 rpm for 30 min at 4°C, the (His)6-
tagged-TNCfnA-D fusion protein was purified with Ni-NTA aga-
rose (Qiagen, USA) according to the manufacturer’s instruc-
tions.  

 
Biopanning of TNC-binding phages 
The phage-display peptide library Ph.D.-12 (New England Bio-
labs, USA) was panned in 96-well plates coated with 0.15 ml 
(His)6-tagged-TNCfnA-D (10 μg/ml) or full-length TNC (20 
μg/ml) in 0.1 M NaHCO3 (pH 8.6) overnight at 4°C. The wells 
were blocked a with buffer comprised of 0.1 M NaHCO3 (pH 
8.6), 0.5% bovine serum albumin (BSA) and 0.02 % NaN3 for 1 
h at 4°C, and 2 × 1011 plaque forming units/ml were added to 
the target protein-coated plates in blocking buffer. After incuba-

tion for 30 min at 25°C, unbound or weakly bound phages were 
removed by rinsing ten times with Tris buffered saline-Tween 
20, and bound phages were eluted by incubation for 8 min in 
0.1 ml of an elution buffer comprised of 0.2 M glycine-HCl (pH 
2.2) and 0.1% BSA. The recovered phages were used to infect 
E. coli ER2738 (New England Biolabs), amplified and were 
purified by precipitation with 1/6 volume of a mixture containing 
20% (w/w) polyethylene glycol 8000 and 2.5 M NaCl 
(PEG/NaCl). The purified phages were used in the next round 
of panning. After three rounds, independent clones were iso-
lated on LB/IPTG/X-gal plates, and phage titers were calculated 
from the number of plaques formed.  
 
DNA sequence analysis 
Thirty-five clones from two independent selections were se-
quenced. Individual phage clones were purified by precipitation 
with PEG/NaCl. The phage pellets were suspended in iodide 
buffer comprised of 10 mM Tris-HCl (pH 8.0), 1 mM EDTA and 
4 M NaI, and single-stranded phage DNA was precipitated with 
ethanol. The nucleotide sequences of the isolated DNAs were 
determined with an ABI Prism® automatic sequencer (Applied 
Biosystems, USA) and primer 5′-CCCTCATAGTTAGCGTAA 
CG-3′. 
 
Synthesis of peptides 
The selected peptides and a scrambled peptide were synthe-
sized by Peptron Inc. (Korea). The peptide sequences were 
FHKHKSPALSPVGGG (peptide #1) and VSPKSHLKAHPFGGG 
(scramble peptide). All peptides were synthesized with amino-
terminal conjugated biotin residues.  
 
Biosensor assay 
BIAcore3000 was used for Surface Plasmon Resonance (SPR) 
experiments. To attach the protein to the CM5 sensor chip, the 
surface of the chip was pre-equilibrated with HEPES and acti-
vated with 0.05 M N-hydroxysuccinimide (NHS) and 0.2 M N-
ethyl-N′-(dimethylaminopropyl) carbodiimide (EDC) to modify 
the carboxymethyl groups of dextran. After pre-activation, FN 
was injected into two of the flow cells and the surface of the 
chip was deactivated with 1 M ethanolamine hydrochloride, pH 
8.5. The TNC was injected into one of the cells whereas bind-
ing buffer was injected into the other. To overcome the limita-
tion of measuring small size peptide binding on large size target 
TNC protein, we conjugated peptide #1 to quantum dots (QD; 
Invitrogen, USA). When the baselines were stabilized, various 
concentrations of the QD conjugated peptide #1 were injected. 
Following each experiment, the sensor chip was regenerated 
with 10 mM NaOH. Kinetics parameters were obtained with BIA 
software. 
 
Immunocytochemistry 
Cells were grown on coverslips, fixed with 3.7% paraformalde-
hyde for 15 min at room temperature, and permeabilized with 
0.5% Triton X-100 in phosphate buffered saline (PBS). They 
were washed and blocked in 10% normal calf serum and 0.5% 
gelatin in PBS for 30 min at room temperature. Staining was 
carried out with biotin-labeled peptide #1 for 1 h at room tem-
perature. A 1:200 dilution of Texas Red-conjugated streptavidin 
(Calbiochem, USA) was applied at room temperature for 50 
min in the dark. The cells were counterstained with Hoechst 
33258 and visualized by microscopy (Carl Zeiss Axioplan 2; 
Carl Zeiss, Germany). 
 
Immunofluorescence analysis 
The tumor xenograft was established by subcutaneous injec- 
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tion of 2 × 106 U118MG or HT29 cells into one flank of nude 
mice. When the tumor diameter reached approximately 9-10 
mm, the mice were killed and the tumor tissue was obtained 
and frozen for storage at -80°C. Frozen sections 8-10 µm in 
thickness were cut, fixed with 3.7% paraformaldehyde for 15 
min at room temperature, and permeabilized with 0.5% Triton 
X-100 in PBS. The tissues were washed and blocked with 10% 
FBS, 10% non fat dry milk, and 3% BSA in PBS for 2 h at room 
temperature. They were stained with biotin-labeled peptide #1 
overnight at 4°C. Secondary Texas Red-conjugated strepta-
vidin at 1:1000 dilutions were used for 1 h at room temperature 
in the dark. Cells were counterstained and visualized as de-
scribed above. 
 
Immunofluorescence analysis of tissue array 

Sections were dewaxed in xylene and rehydrated in graded 
concentrations of ethanol and distilled water. For antigen re-
trieval, sections were heated for 20 min using a pressure 
cooker in Target Retrieval Solution consisting of Tris/EDTA (pH 
9) (Dako, Denmark). Staining was carried out with 1:1000 dilu-

tions of anti-TNC antibody (BC24; Sigma-Aldrich) or biotin-
labeled peptide #1 overnight at 4°C. Secondary fluorescein 
isothiocynate (FITC)-conjugated anti-mouse IgG antibody (Sigma- 
Aldrich) or Texas Red-conjugated streptavidin was used for 1 h 
at room temperature in the dark. Cells were counterstained and 
visualized as described above. 
 
Adhesion assay 
Microtiter plates (6-well; Nunc, Denmark) were coated with 1 µg/ 
cm2 of FN or FN+TNC overnight at 4°C. The non-coated plastic 
surface was blocked with 1% heat-inactivated BSA in PBS. 
Before plating, cells were serum starved for 18 h in DMEM and 
treated with trypsin. After treatment with soybean trypsin inhibi-
tor, cells were resuspended in serum-free medium and counted 
using a hematocytometer. Approximately 1 × 105 cells were 
plated in each well and the selected peptide #1 or scrambled 
peptide was treated for 18 h. Cells were observed by optical 
microscope and counted.  
 

 

Fig. 1. Development of

TNC binding peptides. (A)

Schematic diagram of the

recombinant TNC proteins

used for selecting pep-

tides. FNIII; fibronectin type

III, fbg; fibrinogen glob,

AS; alternative spliced do-

main. (B) Consensus motifs

in the selected peptides.

Frequency denotes the

number of identical phage

clones isolated. (C) Bind-

ing affinity of peptide #1

was measured by Surface

Plasmon Resonance (SPR).

Dissociation constants (Kd)

are presented as means

of three independent SPR

measurements. 
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Fig. 2. Recognition of TNC in xenograft mouse tissues. (A) Total RNA from cultured human cells was analyzed by RT-PCR. Glyceraldehyde-

3-phosphate dehydrogenase (GAPDH) was included as a control. (B) Staining of the biotin-labeled peptide #1 to U251 cells. Nuclei were 

counterstained with Hoechst33258 and visualized by microscope with × 630 magnification. Arrows indicate examples of positively stained cells. 

(C) Immunofluorescence detection of TNC protein in U118MG-derived tumor xenograft mouse by peptide #1. (D) Immunofluorescence detec-

tion in HT29-derived tumor xenograft mouse. Nuclei were counterstained with Hoechst33258 and visualized by microscope with ×630 magnifi-

cation. The scrambled peptide was used as a control. Arrows indicate examples of positively stained cells. 
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Fig. 3. Localized streak staining of TNC by the peptide in lung tissues of human patients. Paraffin-embedded lung tissue was incubated with 

anti-TNC antibody or with biotin-labeled peptide #1. Nuclei were counterstained with Hoechst33258 and visualized by microscope with × 630 

magnification. (A) A lung tissue from an adenocarcinoma lung cancer patient. (B) A lung tissue from a squamous cell carcinoma lung cancer 

patient. (C) A lung tissue from a cancer-free individual. 



 Mee Young Kim et al. 75 

 

 

 

 

Wound scratch assay and statistical analysis 
The U118MG cells were grown on a 35 mm dish until they be 
came confluent and were serum starved for 18 h in DMEM. A 
straight line was drawn with a marker on the outer surface of 
the dish bottom and an artificial wound was made in the cell 
lawn using a pipet tip. The dish was rinsed and then incubated 
with the serum free medium in the presence of the selected 
peptide #1 or scrambled peptide. After 18 h incubation, cells 
were counted. Student’s t-test was performed for most data 
using Microsoft Excel (Microsoft, USA). 

 
RESULTS 

 
Identification of TNC binding peptide sequences 
Most solid tumors express the large isoform of TNC which con-
tains EGF domain, fibrinogen glob (fbg) and fibronectin III (FN 
III) domains with the inclusion of alternatively spliced exons in 
the middle (Fig. 1A). Due to the complexity and sizes of the 
tumor specific TNC protein, we utilized two different versions of 
TNC proteins and performed two independent selections. One 
is the tumor-specific large isoform of TNC (Full-length TNC) 
expressed in eukaryotic cells and the other is the alternatively 
spliced domain (A1-D) of TNC expressed in bacteria (His-
TNCfnA-D, Fig. 1A). Of the 35 clones derived from two inde-
pendent selections, 19 had the same sequences (designated 
peptide #1), and 13 others were also identical (designated pep-
tide #2), while the remainder had similar sequences (Fig. 1B). 
Most sequences contained amino terminal FHKH and SP or 
PX2-4P motifs. Since one peptide sequence was representa-
tives of the selected sequences, we synthesized peptide #1 
(FHKHKSPALSPV), with flanking sequences (-GGG) from the 
M13 coat protein. As a control, we also synthesized the scram-
bled form of peptide #1 (VSPKSHLKAHPFGGG). 

We used Surface Plasmon Resonance (SPR) analysis to es-
timate the binding affinity of the peptide to TNC protein. We 
made FN (fibronectin)/TNC substratum in one flow cell of the 
sensor chip to mimic TNC-rich ECM within tumor tissue and 
analyzed the binding profiles of the peptide. In another flow cell, 
only the FN was injected and used as a mimic for TNC-free 
ECM in normal tissue. By injecting various concentrations of the 
peptide under kinetic conditions, we obtained their dissociation 
constants (Fig. 1C). The binding affinity of peptide #1 to TNC 
was 4.58 ± 1.4 µM, which was extremely high for such a small 
size. 

 
Recognition of TNC by the peptide in xenograft mouse  
models 
As a first step for testing specific binding of the peptide to TNC 
protein, we examined a number of cancer cell lines to assess 
the relationship between tumor type and TNC expression. Colo- 
rectal cancer cell lines (HT-29, HCT116, and SW620) and 
glioblastoma cell lines (U118MG, U251, and T98G) were used 
as models for TNC expression analyses (Fig. 2A). All three 
glioblastoma cell lines expressed TNC mRNA. However, in the 
case of three colorectal cancer cell lines, only the single cell line 
(SW620) expressed TNC mRNA (Fig. 2A). Based on the ex-
pression pattern of TNC in cancer cell lines, we chose U118MG 
and U251 cells as TNC positive cell lines, whereas HT29 and 
HCT116 cells represented TNC negative cell lines.  

To test whether the selected peptide could recognize TNC 
protein, we stained the cancer cell lines using biotin-labeled 
peptide. Interestingly, peptide #1 yielded a characteristic stain-
ing pattern of long streaks or spots in a polarized region of the 
plasma membranes of U251 cell lines (Fig. 2B). The signal 
seemed to be specific because no staining was observed when 

the peptide was omitted. When we used peptide #1 for staining 
HCT116 that did not express TNC, no signal was detected 
(data not shown). 

Since TNC protein is expected to secrete from the cell and 
localize to the ECM in the tumor microenvironment, we estab-
lished a xenograft mouse model using U118MG cells. Tumor 
tissue sections were prepared and stained using biotin-labeled 
peptide #1. Most remarkably, biotin-labeled peptide #1 stained 
as the prominent spot or blob-like staining patterns (Fig. 2C). 
This peptide staining pattern was specific because no staining 
was observed when the peptide was omitted or when the 
scrambled peptide was used. We also developed a xenograft 
mouse model with HT-29 cells, which do not express TNC and 
no peptide signal was detected (Fig. 2D). 

 
Peptide-mediated staining of TNC in lung cancer patient  
tissues 
To see whether the peptide was capable of detecting TNC in 
the tissues of human cancer patients, we used a tissue array 
prepared with tissues from 52 lung cancer patients (36 adeno-
carcinomas, 15 squamous cell carcinomas, and one bron-
chioalveolar carcinoma) and one normal lung. The use of anti-
TNC antibody revealed the prominent expression of the protein, 
which was exclusively located outside of the cells, possibly in 
the ECM (Fig. 3). A streaky pattern of protein expression was 
observed in every tumor tissue sample, and was especially 
strong in the adenocarcinomas (Fig. 3A) and squamous cell 
carcinomas (Fig. 3B), with some spots evident in the bron-
chioalveolar carcinoma (data not shown). Such stromal bands 
may represent delineated packets of invasive metastatic tumor 
cells. Remarkably, peptide #1 also stained stromal bands with 
striking similarity to the staining patterns obtained with the anti-
body. No peptide staining was detected in normal tissue (Fig. 
3C). These observations are entirely consistent with the sug-
gestion that the selected peptide can specifically detect TNC 
protein in human tumor tissues, especially in stromal bands 
near tumor cells, which are the possible invasive front of the 
metastasis.  
 
Suppression of cell migration by the peptide 
TNC has anti-adhesive properties by causing cell rounding and 
migration promotion, which is consistent with a role as a critical 
regulator for tumor progression and metastasis. Appropriately, 
we tested whether peptide #1 could inhibit TNC-induced cell 
rounding and migration in U118MG cells. The cells were plated 
on either the FN or the FN+TNC substratum and cell morphol-
ogy was microscopically assessed. While most of the FN plated 
cells had a spreading morphology, most of the TNC plated cells 
adopted a round morphology (Figs. 4A and 4B). Notably, we 
observed a significant reversion of TNC-induced rounded mor-
phology by peptide #1 (Figs. 4A and 4B). We also tested the 
migration potential of the glioblastoma cells and found that 
TNC-induced cell migration was significantly reduced by the 
incubation of peptide #1. No significant reduction in cell migra-
tion was observed when the scrambled peptide was used (Fig. 
4C). Taken together, these results suggest that the peptide may 
be useful as a therapeutic tool for TNC expressing tumors. 

 
DISCUSSION 

 
Since the TNC protein is exuberantly produced in most solid 
tumors, development of specific ligands would be a first step for 
TNC-targeted diagnosis and therapeutics. We have shown 
here that the phage selected peptide can specifically recognize 
the TNC in xenograft mouse models. Furthermore, specific  
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Fig. 4. Inhibition of TNC-induced cell migration by the peptide. (A) Reversion of TNC-induced cell rounding by peptide #1. U118MG cells were 

plated on the FN+TNC substratum with peptide #1 and observed microscopically (magnification, × 100). (B) Numbers of rounding cells were 

scored and are presented as a percentage of total cells. Error bars represent SD of four independent experiments. (C) Modulation of cell mi-

gration by peptide #1. Peptide #1 or scrambled peptide was added. Error bars represent SD of three independent experiments. 
 
 
staining patterns of human lung cancer patient tissues sug-
gested the critical roles of TNC in the tumor microenvironment, 
possibly at the invasive front. Most significantly, we observed 
that the peptide inhibits TNC-induced cell rounding and migra-
tion, which are hallmarks of cancer cell metastasis. To under-
stand the mechanism behind the inhibition of cell adhesion, we 
have tested the effect of the TNC binding peptide on the down-
stream signaling pathway. TNC was reported to regulate focal 
adhesion kinase (FAK); however, unfortunately we could not 
detect any noticeable changes in FAK activation by the peptide 
incubation. Even though it is not clear at this point how the pep-
tide regulates cell adhesion, it clearly suppress the TNC medi-
ated rounding and migration of the cells in culture. Since it has 
been reported that shRNA and siRNA for TNC inhibited the 
migration and metastasis of lung metastatic cells without know-
ing the downstream pathways, we hope to develop the peptide 
as an inhibitors for cancer cell migration and metastasis (Ta-
vazoie et al., 2008). 

There are many advantages to the use of small peptides in-
cluding low cost, absence of significant immunogenicity, and 
ease of coupling to cytotoxic agents. The most important ad-
vantage of peptides is their versatility (Aggarwal et al., 2006; 
Jäger et al., 2007; Lee et al., 2007; Rasmussen et al., 2002). 
For example, tumor binding peptide sequences can be incorpo-
rated into the coat proteins of viruses (Grifman et al., 2001; 
White et al., 2004), and novel targeting tools, such as lipo-
somes and nanoparticles, can be used together with the pep-
tides (Hajitou et al., 2006). It is also the first test of the utility of 
the peptide as a therapeutic tool for TNC, such as glioblastoma 
cancer cells, as well as lung cancer adenocarcinoma and 
squamous cell carcinoma.  

Due to its highly localized expression, TNC could be an ex-
tremely valuable target for tumor-specific targeting of therapeu-

tic agents. For that reason, a TNC-specific monoclonal antibody 
is already in clinical trials (Akabani et al., 2005; Reardon et al., 
2002) and the refinement of monoclonal anti-TNC antibodies is 
under study (Bellofiore et al., 2006). In addition, RNA aptamers 
have been developed for tumor imaging (Hicke et al., 2006). As 
an alternative to antibody- and RNA aptamer-based TNC tar-
geting, we propose to use small peptides that bind selectively to 
TNC-expressing tumors. Considering the vast potential of pep-
tides in cancer therapy (Khandare and Minko, 2006), we hope 
to develop the peptide as a starting point for tumor microenvi-
ronment targeted therapeutics. 

 
ACKNOWLEDGMENTS 

We are grateful to Dr. Harold P. Erickson (Duke University 
Medical Center) for providing us the TNCfnA-D plasmid ex-
pressing the TNC alternative splice domain. This study was 
financially supported by grants from the National Research 
Foundation of Korea grant funded by the Korea government 
(Ministry of Education, Science and Technology) (2011-
0002169), the Korea Healthcare technology R&D Project, Min-
istry of Health and Welfare (A100716), and the Korea Research 
Foundation (KRF-2008-314-C00299). 
 
REFERENCES 

 
Adams, M., Jones J.L., Walker, R.A., Pringle, J.H., and Bell, S.C. 

(2002). Changes in tenascin C isoform expression in invasive 
and preinvasive breast disease. Cancer Res. 62, 3289-3297. 

Aggarwal, S., Singh, P., Topaloglu, O., Isaacs, J.T., and Denmeade, 
S.R. (2006). A dimeric peptide that binds selectively to prostate-
specific membrane antigen and inhibits its enzymatic activity. 
Cancer Res. 66, 9171-9177. 

Akabani, G., Reardon, D.A., Coleman, R.E., Wong, T.Z., Metzler, 
S.D., Bowsher, J.E., Barboriak, D.P., Provenzale, J.M., Greer, 
K.L., DeLong, D., et al. (2005). Dosimetry and radiographic ana-



 Mee Young Kim et al. 77 

 

 

 

 

lysis of 
131

I-labeled anti-tenascin 81C6 murine monoclonal anti-
body in newly diagnosed patients with malignant gliomas: a 
phase II study. J. Nucl. Med. 46, 1042-1051. 

Bellofiore, P., Petronzelli, F., De Martino, T., Minenkova, O., Bom-
bardi, V., Anastasi, A.M., Lindstedt, R., Felici, F., De Santis, R., 
and Verdoliva, A. (2006). Identification and refinement of a pep-
tide affinity ligand with unique specificity for a monoclonal anti-
tenascin C antibody by screening of a phage display library. J. 
Chromatogr. A 1107, 182-191. 

Berndt, A., Anger, K., Richter, P., Borsi, L., Brack, S., Silacci, M., 
Franz, M., Wunderlich, H., Gajda, M., Zardi, L., et al. (2006). Dif-
ferential expression of tenascin C splicing domains in urothelial 
carcinomas of the urinary bladder. J. Cancer Res. Clin. Oncol. 
132, 537-546. 

Brack, S.S., Silacci, M., Birchler, M., and Neri, D. (2006). Tumor-
targeting properties of novel antibodies specific to the large iso-
form of tenascin C. Clin. Cancer Res. 12, 3200-3208. 

Chiquet-Ehrismann, R. (2004). Tenascins. Int. J. Biochem. Cell Biol. 
36, 986-990. 

Chiquet-Ehrismann, R., and Tucker, R.P. (2004). Connective tis-
sues: signaling by tenascins. Int. J. Biochem. Cell Biol. 36, 1085-
1089. 

Fidler, I.J., Balasubramanian, K., Lin, Q., Kim, S.W., and Kim, S. 
(2010). The brain microenvironment and cancer metastasis. Mol. 
Cells 30, 93-98. 

Grifman, M., Trepel, M., Speece, P., Gilbert, L.B., Arap, W., Pasqu-
alini, R., and Weitzman, M.D. (2001). Incorporation of tumor-
targeting peptides into recombinant adeno-associated virus cap-
sids. Mol. Ther. 3, 964-975. 

Hajitou, A., Pasqualini, R., and Arap, W. (2006). Vascular targeting: 
recent advances and therapeutic perspectives. Trends Cardio- 
vasc. Med. 16, 80-88. 

Hicke, B.J., Marion, C., Chang, Y.F., Gould, T., Lynott, C.K., Parma, 
D., Schmidt, P.G., and Warren, S. (2001). Tenascin C aptamers 
are generated using tumor cells and purified protein. J. Biol. 
Chem. 276, 48644-48654. 

Hicke, B.J., Stephens, A.W., Gould, T., Chang, Y.F., Lynott, C.K., 
Heil, J., Borkowski, S., Hilger, C.S., Cook, G., Warren, S., et al. 
(2006). Tumor targeting by an aptamer. J. Nucl. Med. 47, 668-
678. 

Hsia, H.C., and Schwarzbauer, J.E. (2005). Meet the tenascins: 
multifunctional and mysterious. J. Biol. Chem. 280, 26641-26644. 

Jäger, S., Jahnke, A., Wilmes, T., Adebahr, S., Vögtle, F.N., De-
lima-Hahn, E., Pfeifer, D., Berg, T., Lübbert, M., and Trepel, M. 

(2007). Leukemia targeting ligands isolated from phage display 
peptide libraries. Leukemia 21, 411-420. 

Juuti, A., Nordling, S., Louhimo, J., Lundin, J., and Haglund, C. 
(2004). Tenascin C expression is upregulated in pancreatic can-
cer and correlates with differentiation. J. Clin. Pathol. 57, 1151-
1155. 

Khandare, J.J., and Minko, T. (2006). Antibodies and peptides in 
cancer therapy. Crit. Rev. Ther. Drug Carrier Syst. 23, 401-435. 

Lee, S.M., Lee, E.J., Hong, H.Y., Kwon, M.K., Kwon, T.H., Choi, 
J.Y., Park, R.W., Kwon, T.G., Yoo, E.S., Yoon, G.S., et al. (2007). 
Targeting bladder tumor cells in vivo and in the urine with a pep-
tide identified by phage display. Mol. Cancer Res. 5, 11-19. 

Orend, G. (2005). Potential oncogenic action of tenascin C in tu-
morigenesis. Int. J. Biochem. Cell Biol. 37, 1066-1083. 

Orend, G., and Chiquet-Ehrismann, R. (2006). Tenascin C induced 
signaling in cancer. Cancer Lett. 244, 143-163. 

Rasmussen, U.B., Schreiber, V., Schultz, H., Mischler, F., and 
Schughart, K. (2002). Tumor cell-targeting by phage-displayed 
peptides. Cancer Gene Ther. 9, 606-612. 

Reardon, D.A., Akabani, G., Coleman, R.E., Friedman, A.H., 
Friedman, H.S., Herndon, J.E. 2nd, Cokgor, I., McLendon, R.E., 
Pegram, C.N., Provenzale, J.M., et al. (2002). Phase II trial of 
murine 

131
I-labeled antitenascin monoclonal antibody 81C6 ad-

ministered into surgically created resection cavities of patients 
with newly diagnosed malignant gliomas. J. Clin. Oncol. 20, 
1389-1397. 

Silacci, M., Brack, S.S., Späth, N., Buck, A., Hillinger, S., Arni, S., 
Weder, W., Zardi, L., and Neri, D. (2006). Human monoclonal 
antibodies to domain C of tenascin C selectively target solid tu-
mors in vivo. Protein Eng. Des. Sel. 19, 471-478. 

Takeda, A., Otani, Y., Iseki, H., Takeuchi, H., Aikawa, K., Tabuchi, 
S., Shinozuka, N., Saeki, T., Okazaki, Y., and Koyama, I. (2007). 
Clinical significance of large tenascin C spliced variant as a po-
tential biomarker for colorectal cancer. World J. Surg. 31, 388-
394. 

Tavazoie, S.F., Alarcón, C., Oskarsson, T., Padua, D., Wang, Q., 
Bos, P.D., Gerald, W.L., and Massagué, J. (2008). Endogenous 
human microRNAs that suppress breast cancer metastasis. Na-
ture 451, 147-152. 

White, S.J., Nicklin, S.A., Büning, H., Brosnan, M.J., Leike, K., Pa-
padakis, E.D., Hallek, M., and Baker, A.H. (2004). Targeted 
gene delivery to vascular tissue in vivo by tropism-modified 
adeno-assocoated virus vectors. Circulation 109, 513-519. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


