


indicating tissue burns caused by the local photothermal effect. There were no color
changes in the tumor treated with saline plus NIR irradiation. The tumor treated with
PEG-HAuNS plus the laser, (Figure 29), majority of tissues were necrotized, prominent
features of thermonecrosis were found, such as karyolysis, cytoplasmic acidophilia, and
corruption and degradation of the extracellular matrix of the tumor. The structure of
intestine surrounding tumors that were received photothermal treatment is intact, no

significant thermal damage or necrosis was found on tissue slides.

Figure 29. AuNS nanoparticles can induce photothermal killing of Hey-A8 tumors in
vivo. (B) Representative microphotographs of tumor and intestine removed 24 h after
NIR laser treatment. The tissues were cryosectioned into 5 m slices and stained with
hematoxylin/eosin. Scale Bar, 50um
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DISCUSSION

In current study, we successfully developed EphB4 specific TNYL-RAW peptide
and found that tail vein injection of the %4Cu labeled TNYL-RAW peptide allowed ready
visualization of EphB4 positive tumor in different nude mice xenograft models by
PET/CT. We also synthesized the dual-labeled 64Cu—TNYL—RAW—CyS.S peptides and
evaluated the potential application of this peptide for micro PET/CT imaging and near
infrared optical imaging in orthotopic glioblastoma (U87 and U251) mice models.
Moreover, we synthesized EphB4 specific peptide TNYL-RAW conjugated hollow gold
nanoshell for targeted micro PET imaging and photothermal ablation of EphB4-
overexpressing cancer cells in vitro and vivo.

EphB4 receptor has attracted a lot of interest in cancer imaging recently due to
widespread overexpression of EphB4 receptor in lots of different tumors (93). It is
possible to develop noninvasive imaging techniques to early diagnosis of patients with
high expression of EphB4 receptors in their tumors or monitor the chemotherapy
response of the tumors by using EphB4 receptor specific targeting agent. For this
purpose, we successfully synthesized and radiolabeled (**Cu) the EphB4 specific peptide
TNYL-RAW for PET imaging based on the previous paper published peptide sequence
(50).

Based on the SPR analysis, the Kp value of TNYL-RAW peptide was 3.09 nM, which
is similar to the previous literature published (Kp, 1-2 nM) (50). The slow dissociation
rate of the TNYL-RAW peptide (~1.3x107 [s™] strongly indicated that this peptide is
suitable for in vivo molecular imaging applications due to its simple binding affinity. It

has been reported that the stability of binding complex with EphB4 was not significantly
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affected by modifying the N terminus of the peptide (94). However, based on our SPR
analysis, it is interesting to find out that there was an 8-fold reduction in Kp value of the
TNYL-RAW when the N terminus of TNYL-RAW was modified by introducing the
radiometal chelator DOTA. But the coupling of Cu?* to the DOTA-TNYL-RAW peptide
can restore the binding affinity of TNYLRAW to 1.89 nM (Table 1). Therefore, the
subtle modification of N terminus of TNYL-RAW peptide can still affect the binding
affinity of the TNYL-RAW to EphB4 receptors. Because there was no significant
interaction between the scramble peptide and EphB4 receptors, we concluded that this
TNYL-RAW binding to EphB4 in vitro is sequence specific. In the literature, there has
been reported that EphB4 receptors are overexpressed in most of colon cancer and
prostate cancer cell lines (38, 95, 96). The CT26 (mouse colon cancer cell lines) and PC-
3M (human prostate cancer cell lines) cells used in our study has been confirmed
positive for EphB4 expression (Figure 3) by immunofluorescence study. FITC labeled
TNYL-RAW peptide exhibits high affinity and specific binding to EphB4 receptor in
vitro binding study. The similar binding pattern to EphB4 positive cancer cells was also
found in the results of ®*Cu-DOTA-TNYL-RAW uptake study (Fig. 3 and 4). The
specific binding of peptide to EphB4 receptor was confirmed by in vitro blocking study.
All above results indicated that **Cu- DOTA-TNYL-RAW peptide is a suitable probe for
noninvasive imaging of EPhB4 receptors.

The uptake of **Cu- DOTA-TNYL-RAW was significantly high in EphB4 positive
PC-3M and CT-26 tumor xenografts in nude mice by in vivo micro PET/CT studies. In
contrast, the radiotracer showed very low uptake in EphB4 negative A549 tumors at all

time points examined (Fig. 5). To further confirm the expression status of EphB4 in
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different tumors, ex vivo immunohistostaining of tumor xenografts sections was
performed. The results showed that high expression level of EphB4 receptors was
observed in both CT26 and PC-3M tumors but not in A549 tumors. From the micro
PET/CT images, the radioactivity signal of **Cu-DOTA-TNYL-RAW in CT26 tumors
was significantly reduced after 4h post i.v. injection of radiotracer. In contrast, the signal
of radioactivity reached highest in PC-3M tumors at 24 h post injection (Fig. 24).
Because the relatively slow dissociation rate of peptide-EphB4 receptor complex, the
major determinant of the difference in the signal intensity at various time points between
those two tumors are the expression levels of EphB4 receptors on these two tumors.
However, this different radiotracer retention time in tumor tissues between CT26 and
PC-3M tumor mice models could also be explained by the difference in the degradation
of ®Cu-DOTA-TNYL-RAW peptide-based radiotracer in different tumor
microenvironments. It is very critical for maintaining the molecular integrity of the
radioactive peptides in vivo condition in order to circulation in blood for the purpose of
biodistribution and imaging studies. We tested the stability of %4Cu-DOTATNYL- RAW
DMEM with 10% FBS and in mouse serum. We found out that it was stable in DMEM
with 10% FBS for at least 24 h and in mouse serum for up to 2 h (Chiyi Xiong, et al.
unpublished data). The slow degradation of peptide was observed in mouse serum after 2
h incubation. The above slow metabolic degradation of the radiolabeled peptide could
be explained by the proteolysis of linear peptides by plasma peptidases present in mouse
serum (97). In order to improve the stability of the peptide, we can introduce D-amino
acid into the peptide sequence or cyclization of the peptide to make it more resistant to

enzymatic degradation (98, 99). The studies of improving in vivo stability of TNYL-
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RAW are in progress. Based on our stability data and in vivo PET/CT imaging results,
the stability of our peptides is sufficient for in vivo applications of tumor imaging and
biodistribution study.

In order to confirm the specificity uptake of **Cu- DOTA-TNYL-RAW in EphB4
positive tumors in vivo, blocking studies were performed by co-administration of the
radiolabeled peptides with excess amount of nonradioactive (cold) TNYL-RAW peptide.
There were significant reductions in the uptake of %Cu- DOTA-TNYL-RAW in both
CT26 and PC-3M tumors with co-injection of radiotracer with excess amount of cold
TNYL-RAW (Figure 5B) from micro PET/CT image results. Quantitative analysis of
and comparison of radioactive uptake of %4Cu- DOTA-TNYL-RAW in different tumor
tissues based on the ROI manually drawn from the micro PET/CT images showed that
77% and 81% reduction in **Cu-DOTA-TNYL-RAW uptake in CT-26 and PC-3M
tumors at 4h or 24h respectively (Fig. 5B). The low uptake of %/Cu- DOTA-TNYL-
RAW (Figure. 5A) in EphB4 negative expression A549 tumors together with all above
results supported conclusion that the specific uptake of %Cu- DOTA-TNYL-RAW in
EphB4 positive colon and prostate cancer xenografts in nude mice models was mediated
by EphB4 receptors. The biodistributions of **Cu-DOTA-TNYL-RAW in different
tumor models obtained by both noninvasive PET/CT calculated from ROI and by in vivo
tissue sampling indicated that the major organs for uptake and clearance of this
radiopharmaceutical were in liver and the kidney. It was well known that the major
organ for clearance of hydrophobic peptides is in liver (100). The high level of uptake of
%Cu-DOTA-TNYL-RAW in liver could be attributed to compositions of the

hydrophobic amino acids (Asn, Ile, Leu, Phe, Pro, Ala, Trp) in TNYL-RAW peptides.
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Also the significant uptake of the radiotracers in the nude mice kidneys was due to the
degradation of the peptide by lysosome within renal cells (101). Therefore, it is
important for us to optimize pharmacokinetics and in vivo stability of peptides for in vivo
imaging applications.

Glioblastoma is the most malignant primary brain tumor that is resistant to most of
common drug therapies. The frequent recurrence of this tumor is due to its infiltration
into surrounding normal brain tissue and difficulty in complete resection of the tumors
(102, 103). It is important to develop diagnostic imaging agent to monitor tumor growth
in the brain and evaluate tumor responses to therapeutic drugs. Recently, lots of optical
imaging using near infrared fluorescent dye labeled tumor-specific molecules has been
successfully applied to imaging glioma in preclinical animal models based on the
overexpression of specific marker on glioma (104-106). The characteristics of near
infrared fluorescence (NIR) such as long wavelength (650-900 nm), lower light
absorbance and scattering, and reduced autofluorescence of normal tissues make it great
potential in clinical imaging application (107). Several recent studies have demonstrated
that using fluorescence imaging to improve radical resection of GBM during surgery
(108-110). Meanwhile, nuclear imaging has high detection sensitivity ability, which
makes it especially suitable for tracking radiotracers used in in vivo molecular imaging.
So, it is highly desirable to develop an imaging probe combining a radioisotope and a
near-infrared fluorescent dye for dual nuclear and optical imaging of glioma.
Overexpression of EphB4 receptors has been reported in a number of tumors. Up to now,
there are few papers describing the applications of EphB4 as target for cancer imaging

(35, 36). In high-grade glioma, EphB4 are expressed at high levels in both tumor cells
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and blood vessels'®. In current study, we developed dual-labeled EphB4 specific TN'YL-
RAW peptides for visualization of glioblasotomas with micro PET/CT and near-infrared
fluorescence imaging on orthotopic mice model.

SPR analysis showed that the Kp values of Cy5.5-TNYL-RAW and Cy5.5-TNYL-
RAW-DOta are around 1nM which have no significant changes compared with the value
of original TNYL-RAW peptide (3.07 nM). The high binding affinity of the dual labeled
EphB4 specific peptide to EphB4 receptor in vivtro makes it suitable for in vivo
molecular imaging application. For monitor intracranial tumor growth in nude mice, we
made the stable cell lines that express the luciferase gene. Ten days post injection of
tumors in the mice brains, the detectable luciferase signal has been visualized on
Xenogen imaging system which corresponded to the tumor growth in the mice brain.
Near infrared fluorescence imaging studies revealed that Cy5.5-TNYL-RAW-DOTA has
significant higher uptake in U251 and u87 tumors in orthotopic nude mice model. To
confirm the specificity of uptake of EphB4 targeted peptide in tumors, Cy5.5 labeled
scramble peptides have been used. From various time points of optical imaging, it
clearly showed that there was low uptake of scramble peptides uptake in U87 tumors
compared with that of Cy5.5-TNYL-RAW-DOTA peptides, which indicated that this
high uptake of EphB4 peptides into tumors was mediated through EphB4 receptor
(Figure 11B). The biodistribution data showed the same result as fluorescence optical
imaging based on ex vivo analysis of the fluorescence signal intensities of dissected
tissues. High fluorescence activity was found in mice liver, kidney, stomach and
intestine. Compared with fluorescence densities in two groups at different time points, it

clearly showed that U87 tumor has significantly higher uptake of Cy5.5-TNYL-RAW-
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DOTA than that of Cy5.5-scramble-DOTA (Figures 12A and 12B). It is interesting to
notice that the accumulation of Cy5.5-TNYL-RAW-DOTA was lower in liver than that
in kidney, but the uptake of %4Cu-TNYL-RAW was similar in both kidney and liver in
previous results. This phenomenon maybe due to the underestimation of the fluorescence
signal obtained from liver. Previous paper published in our lab (111) demonstrated that
ex vivo analysis fluorescence intensity may have underestimated the uptake of
nanoparticles or compounds in organs with high blood perfusion. Because estimation of
uptake of compounds in tissues based on fluorescence intensity is less accurate the
radioactivity count method, our above data suggested that the biodistribution data should
be corrected in different organs when fluorescence method is used.

Micro PET/CT images revealed significant high uptake of %Cu labeled Cy5.5-
TNYL-RAW-DOTA peptides in U251 and in U87 tumor models. The intensity of
radioisotope labeled peptides was greatly reduced in U251 tumors after co-injection of
excess amount of cold peptide with the %Cu labeled Cy5.5-TNYL-RAW-DOTA
peptides (Figures 13A and 13B). Quantitative analysis of micro PET/CT imaging
revealed that In U251 tumor models, the co=administration of cold Cy5.5-TNYL-RAW-
DOTA caused a 57% reduction in the ratio of ®Cu-Cy5.5-TNYLRAW-DOTA
accumulation in tumors versus normal brain, which demonstrated the specific uptake of
dual labeled TNYL-RAW-DOTA peptide in U251 tumor. Immunofluorescence
microscope study showed an interesting phenomenon. For U251 tumor model, Cy5.5
labeled peptides mainly bind to tumor cells and tumor associated vessels which both
express EphB4 receptor on their surface. In contrast, the Cy5.5 labeled peptides only

bind to tumor associated vessel that express EphB4 but not on tumor cells that is
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negative staining for the expression of EpHB4 (Figure 14). It has been reported that
EphB4 are overexprerssed on brain tumor cells and tumor associated vessels. This is the
first time we show here that the new developed dual-labeled EphB4-specific peptide
could be used as a non-invasive molecular imaging agent for PET/CT and optical
imaging of glioma owing to its ability to bind to EphB4-expressing angiogenic blood
vessels and/ or to EphB4-expressing tumor.

HAuNS have already shown the great potential in photothermal therapy of cancer
due to their unique characteristics such as small size (30-60 nm), spherical shape, and
hollow interior and strong tunable (520-950nm) absorption band (74). The further
application of the HAuNS to cancer therapy is to develop targeted delivery of
nanoparticles into tumors to minimize the thermal damage to surrounding normal tissues.
With this aim, we developed TNYL-conjugated HAuNS for selective photothermal
killing of EphB4 positive cancer cells. In current study, we successfully conjugate
EphB4 specific (TNTL-PEG) peptide and/or PEG-SH onto the surface of HAuNS
without significant changes of the properties of HAuNS. From resonance absorbance
curves, the absorption peak of the TNYL-PEG-HAuNS or PEG-HAuNS is still around
800nm compared with original HAuNs, which demonstrates that conjugation of peptides
onto the surface of HAuNS has no obvious effect on the plasma resonance property. The
temperature of nanoparticle solutions was increased from 27 'C to 75 C at the
concentration of 4x10'" particles/mL after exposure to near infrared-region laser light.
The photothermal effect of these particles remains no changes after conjugation of
peptides. The amount of peptides on the surface of HAuNS will also affect the specific

binding affinity of HAuNS to EphB4 positive tumors. From our amino acid analysis of
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conjugated HAuNS, the number of peptides on the surface of HAuNS is around 40,
which will greatly increase the binding repertoire of original TNYL-PEG peptide. As
shown in Figures 16, TNYL-PEG-HAuNS but not PEG-HAuNS binds to EphB4
positive PC-3M and CT-26 cells. Moreover, the uptake of TNYL-PEG-HAuNS to CT-
26 or PC-3M cells could specifically be blocked by excess amount of free TNYL-PEG
peptides, indicating that TNYL-PEG-HAuNS was taken up by the PC-3M or CT-26 cells
through EphB4 receptor-mediated. After exposure CT-26, PC3-M or Hey-AS8 cells
treated with TNYL-PEG-HAuNS or PEG-HAuNS to NIR laser at 40W/cm? for 5 min,
almost majority of cancer cells treated with TNYL-PEG-HAuNS were destroyed after
exposure to laser, but this effect was not observed in cells exposed NIR laser alone or
PEG-HAuNS plus laser group. This photothermal killing effect was efficiently abolished
by the addition of excess amount of PEG-TNYL peptide into the reaction.

For in vivo active targeting nanoparticles to the tumor tissue, HAuNS must be capable
of extravasating into the tumor interstitial space. Our HAuNS with small size makes it
suitable for in vivo delivery to tumor site. The photothermal effect of HAuNS in vivo
depends on the number of particle actively taken up by the tumor. To quantify the
amount of nanopaticles specific delivery to EphB4 positive CT-26 tumors in vivo after
systematic administration of %4Cu-TNYL-PEG-HAuNS or *‘Cu-PEG-HAuNS, micro-
PET and in vivo biodistribution experiments were performed. From Figure 21, it clearly
showed that the tumor was visualized at 1 hour after the injection and the signal was
strongest at 24 h post injection. But low signal in the tumors of mice injected with #Cu-
PEG-HAuNS was also observed, which suggested that non-specific uptake of HAuNS in

the tumor tissue. This nonspecific uptake phenomenon can be explained by the EPR
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(enhanced permeability and retention) effect. The EPR effect is the property by witch
that certain size of the molecules such as liposomes, nanoparticles and some
macromolecules can accumulate into the tumor tissue much more than they do in normal
tissues due to the pathophysiological changes of tumor vessels (extensive angiogenesis
defective vascular architecture, and greatly increased production of permeability
mediators) (112-115). The biodistribution study also showed the similar results to the
micro-PET imaging study. At 24 h after injection of radiolabeled nanoparticles, uptake
of **Cu-TNYL-PEG-HAuNS was significantly higher (4.92% ID/g) in CT-26 tumors
than that of **Cu-PEG-HAuNS was. (1.49% ID/g) (p<0.001). The tumor-to-muscle ratio
was 6.2 in the mice injected of 64Cu—PEG—HAuNS, while it was 25.9 in the mice treated
with **Cu-TNYL-PEG-HAuNS. Also the The ratio of tumor-to-blood in the mice
injected with %4Cu-TNYL-PEG-HAuNS (2.94) was 1.5 times higher than that in the mice
injected with **Cu-PEG-HAuUNS (2.0) (p<0.005). Taken together, all above data
demonstrate that TNYL-PEG-HAuNS can be specifically uptake into EphB4 positive
CT-26 tumors compared with control PEG-HAuNS. (Figure 22). In vivo photothermal
therapy study confirmed that tumor with intravenous injection of TNYL-PEG-HAuNS
plus laser treatment caused significantly greater thermonecrotic response than that of
mice treated with PEG-HAuNS plus laser treatment, saline plus laser treatment, or saline
only (Figs. 23B and 23C). In the mice treated with TNYL-PEG-HAuNS plus the laser,
(Figures 23B and C), majority of tissues (82% of tissues) were necrotized, prominent
features of thermonecrosis were found, such as karyolysis, cytoplasmic acidophilia, and
corruption and degradation of the extracellular matrix of the tumor. Only a small fraction

of the necrotic tissues (18.8% of tissues) was found in the tumor treated with PEG-
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HAuNS plus NIR laser (Figure 24). From histological results, we still can observe some
necrosis response in PEG-HAuNS plus laser treatment group, which also can be
explained by EPR effect witch corresponding to the result of micro-PET and
biodistribution data. Our current study clearly shows the selective killing tumor cells
after intravaneously injection of TNYL-PEG-HAuNS plus near infrared-region laser
light treatment. But the tumor model we choose here is subcutaneous tumor model
which may not reflect the real situation due to the local blood flow difference between
subcutaneous of the mouse skins and orthotropic sites.

Therefore, further studies will focus on the application of TNYL-PEG-HAuNS in
orthotropic tumor models for further investigation of their photothermal killing effect in
vivo. But the study of biodistribution of %Cu-TNYL-PEG-HAuNS or *Cu-PEG-HAuNS
on Hey-A8-Luc ovarian cancer intraperitoneal nude mice models showed that the uptake
of **Cu-TNYL-PEG-HAuNS was statistically higher (4.67% ID/g) in Hey-A8 tumors
than that of “*Cu-PEG-HAuUNS was (3.4% ID/g) (P<0.005). But the ratio of tumor-to-
blood in the mice injected with **Cu-TNYL-PEG-HAuNS (1.5) was almost the same as
that in the mice injected with %4Cu-PEG-HAuUNS (1.8), which suggested that the
different uptake of **Cu-TNYL-PEG-HAuNS and **Cu-PEG-HAuNS in the Hey-A8
tumors may be due to the EPR effect. Although we didn’t get promising data from
orthotopic ovarian cancer models, it still provided us useful information. In clinical
situation, it is very difficult to treat metastatic spread of ovarian cancer in pelvic of
patients. Because we didn’t find good targeting effect of TNYL-PEG-HAuNS on Hey-
A8 nude mice model, we want to study the photothermal killing effect of PEG-HAuNS

on tumors after intraveneously injection of the nanoparticles due to the high uptake of
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the **Cu-PEG-HAuUNS (3.4%) in tumor. After treating the tumor with laser at 2W/cm 2,
the color of the tumor of the mice injected with PEG-HAuNS turned into brown color,
but there is no color change of the tumor with saline injected or with no treatment. H&E
staining results showed that majority of tissues were necrotized, prominent features of
thermonecrosis were found, such as karyolysis, cytoplasmic acidophilia, and corruption
and degradation of the extracellular matrix of the tumor. For saline control or no
treatment group, there was no thermonecrosis area in the tumor section. To check
whether the laser treatment will damage the local normal tissue surrounding the tumor,
the intestine tissues around the tumor were also taken out and cut into sections. We can
see that the structure of intestine was still intact and there is no photothermal damage to
the normal intestine tissues so far. It is still preliminary data for investigation of
photothermal effect on Hey-AS8 intraperitoneal ovarian cancer model. In the future, we
need test this killing effect on more mice to collect data to figure out whether this local
photothermal effect will kill tumor cells but cause no or minimum damage to the tissue
surrounding it. Because we only tested our nanoparticles on one ovarian orthotopic
model, we still need check other orthotopic ovarian cancer models such as transgenic
mice models to further investigate the targeting effect of TNYL-PEG-HAuNS in vivo.
Though TNYL-RAW showed a great potential in the application of imaging tumor in
mice and cancer thermal therapy when conjugated with HAuNS, there is a still long way
to go before we apply it in clinical use. First, the slowly degradation of TNYL-RAW in
mouse serum indicates that the detection sensitivity will decrease after long time
circulation in the body. It is important to improve the stability of this peptide for its

clinical application. Introduction of D-amino acid or cyclization of peptide can make it
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more resistant to proteolytic degradation of peptide. Now we have already synthesized
the second generation of the peptides to optimize the stability of the peptide. Our SPR
analysis confirmed that introduction of D-amino acid into peptide sequence or
cyclization of the peptide did not significantly change the binding affinity of the peptide
to EphB4 receptor. In the future, we will evaluate its application in tumor imaging in
vivo by micro PET/CT or optical imaging. Secondly, it is obvious that the major organ
for the clearance of the peptide is liver. So it is highly desirable to modify the structure
of the peptide to reduce the liver clearance. Literature has been reported that pegylation
of the peptide can significantly reduce the liver nonspecific uptake of the peptide (116,
117). Synthesis and evaluation of the PEG conjugated TNYL-RAW in vivo PET/CT
imaging of tumor on nude mice is ongoing right now. Third, the tumor model we used in
this study for evaluate the peptide is subcurtaneously model and brain orthotopic models,
which is not the most ideal models for evaluation of peptide in vivo applications due to
difference in the local blood flow and microenviroment for tumor growth. There are lots
of transgenic mice tumor models available for prostate, colon and glioma cancers. We
will evaluate our peptide in these transgenic mice models for in vivo molecular imaging
applications. Conjugation of TNYL-RAW peptide onto the surface of the HAuNS makes
it suitable for targeting photothermal therapy. In this study we only use microscopic
study to evaluate necrotic response of photothermal therapy, which is not very accurate.
So it is highly desirable use other methods to evaluate tumor necrosis induced by
photothermal therapy. Our lab has developed 64Cu—DOTA—hypericin for evaluation of
the tumor necrosis induced by photothermal therapy by PET/CT (118). Also BE_FDG

can also be used to monitor the changes of metabolic activity of the tumors by micro
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PET/CT (85).We can use above methods to monitor tumor response to the photothermal
therapy for EphB4 conjugated HAuNS. To monitor the tumor response to the
photothermal therapy, we can also monitor the tumor growth in long term after treatment
to see whether tumor growth can be inhibited by photothermal therapy. Because in
clinical settings, it is very difficult to remove all of the metastatic nodules in the pelvic
of ovarian cancer patients by surgery, it is very desirable to find alternative way to treat
this advanced stage disease to avoid using aggressive surgery treatment. Using
photothermal ablation therapy, the tumor can shrink and necrotized. So it is important
for us to study the photothermal effect of HAuNS on more ovarian cancer nude mice

models in future.
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CONCLUSIONS

In the current study, it is the first time to visualize tumor by in vivo noninvasive
micro PET/CT using EphB4 specific radiotracer %%Cu- DOTA-TNYL-RAW. This
radiolabeled peptide could be used for early diagnosis of patients with high expression of
EphB4 receptors in their tumors or monitoring the chemotherapy response of the tumors.
To demonstrate the future potential of this radiotracer, it is important for us to evaluate it
in additional animal models and ex vivo human specimens. We also evaluated the
potential applications of 4 Cu and Cy5.5 dual labeled TNYL-RAW-DOTA peptides for
micro PET/CT imaging and near infrared optical imaging in orthotopic glioblastoma
mice model. uPET/CT and near-infrared optical imaging clearly showed the uptake of
the dual labeled TNYL-RAW peptide in both U251 and U87 tumors in the brains of
nude mice after intravenous injection. The specific uptake of dual labeled peptide in both
tumors was confirmed by blocking experiments. In U87 tumors, Cy5.5-labeled peptide
was found co-localized only with CD31- and EphB4-expressing tumor blood vessels.
Dual-labeled EphB4-specific peptide could be used as a non-invasive molecular imaging
agent for PET/CT and optical imaging of glioma owing to its ability to bind to EphB4-
expressing angiogenic blood vessels and to EphB4-expressing tumor. We developed the
EphB4 specific peptide conjugated HAuNS for micro PET imaging and photothermal
ablation of EphB4-overexpressing cancer cells in vitro and vivo. TNYL-PEG-HAuNS
targeted to EphB4 receptor have been shown to selectively bind to EphB4-positive
cancer cells (PC-3M and CT-26) and destroy these cells via a photothermal effect in
vitro. EphB4-positive CT-26 tumors were clearly visualized with %4Cu-labeled TNYL-

PEG-HAuNS. In vivo biodistribution study, up to 4.9.%ID/g of **Cu-labeled TNYL-
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PEG-HAuUNS was taken up by CT-26 tumor compared to TNYL-HAuNS. EphB4
targeted TNYL-PEG-HAuNS shows more photothermal killing effect on CT26 tumor
models than PEG-HAuNS do, which suggests that TNYL-PEG-HAuNS targeting to
EphB4 receptor may have future applications in photothermal ablation therapy in

clinical.
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