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Integrins, over-expressed in a broad range of cancer diseases, are widely utilized as a tumor
biomarker. Metabolism investigation also plays important roles in tumor theranostics. Devel-
oping simple integrin-targetting probe and monitoring tumor metabolism will give opportunities
to find ways for cancer treatment, however, the investigation of tumor metabolism with integrin
receptor based probes has been rarely reported so far. Here, we developed an octavalent fluo-
rescent probe Octa-RGD by convenient genetic method, based on one tetrameric far-red fluo-
rescent protein (fRFP) linked with RGD peptides. We validated its intergin targeting by confocal
imaging in wvitro. Then we screened a variety of tumor cells, and differentiated their binding
affinity based on the fluorescence of the probe via flow cytometry. Among these cells, CNE-2 cells
had the highest uptake of the probe, while B16 cells had the lowest, corresponding with their
intergin expression levels. Next, the fluorescent and metabolic imaging was performed in HT1080
(intergin postive) tumor, where nicotinamide adenine dinucleotide hydrogen (NADH), flavo-
protein (Fp) and fRFP fluorescent signals were collected. The tumor from mice intravenously
injected with Octa-RGD probe displayed obviously higher NADH redox ratio NADH/
(Fp+NADH) and fRFP signal, than those with fRFP protein. It suggested that integrin targeting
may have influence on the target cell metabolism, and further demonstrated Octa-RGD probe
facilitated its uptake in the targeted tumor in vivo. This paper developed a useful probe, which
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can bind integrins specifically and efficiently in tumor cells, and together with tumor metabolic
information, it may provide new insight for RGD targeting-based cancer therapeutics.
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1. Introduction

Integrins, one type of the Cell Adhesion Molecules
(CAMs), play important roles in cell adhesion, mi-
gration, proliferation and apoptosis,’ and also
have important impacts on cancer diseases.” Integ-
rins are heterodimeric transmembrane glycopro-
teins which consists of two subunits o and 3, were
over-expressed in a variety of tumors, such as lung
cancer,” breast cancer,” head neck squamous cell
carcinoma’ and pancreatic ductal adenocarcinoma’
but seldom expressed in normal tissues.”” There-
fore, it can be an ideal and useful tumor biomarker
to target. Labeling integrin antagonists could pro-
vide important diagnostic tools for assessing the
efficacy of anti-angiogenic or anti-tumor therapies.
Many types of integrin have been utilized as cancer
therapeutic target, such as «,3s," «,3s integrins
and so on.”!V

Recently, many types of probes'' have been de-
veloped and used as radiotracers to target variable
integrin receptors on tumor cells surface for molec-
ular imaging, such as PET probe [187]FBA-
A20FMDV2,'? micro PET probe 6Cu-DOTA
peptide,'® MRI nanoparticles *H-LCP-MFM'* and
fluorescent nanoparticles.'” However, these chemi-
cal probes are complicated to obtain, low yield for
large-scale preparation, or not metabolized easily in
body organs. The genetic engineering has been oc-
curring as a simple method, which has many
advantages over chemical synthesis, such as easy
purification and good biocompatibility.' In the
meantime, far-red fluorescent protein (fRFP) with
low toxicity has been widely used for in vivo optical
imaging.!”'® Thus, we developed a new probe
named Octa-RGD, based on a fRFP via biological
synthesis with integrin receptor targeting,'? which
can provide a simple and safe method for optical
targeted imaging in tumors.

The distribution and degradation of the nano-
sized-probes are correlated with tumor microenvi-
ronment and metabolism states as literature
reported.”’ Tumor metabolism investigation is im-
portant and beneficial for understanding cancer cell
malignant growth and potential drug resistance,

and can give opportunities to find ways for cancer
therapeutics.”!?? Many methods have been devel-
oped to investigate the tumor metabolism, such as
tumor glycolysis®® and oxidation measurement by
MRI,** PET and PET/CT,? but these methods are
indirect and need exogenous chemical probes to
exhibit metabolism states. Chance et al. developed a
redox scanning method based on a standard meta-
bolic redox pair nicotinamide adenine dinucleotide
hydrogen (NADH) and flavoprotein (Fp), which are
endogenous autofluorescent coenzymes of mito-
chondrial respiration chain. Their fluorescence in-
tensities can noninvasively indicate tumor tissue
metabolic states and their inner heterogeneous dis-
tributions. The metabolic states of tissue ex vivo in
the liquid nitrogen can be blocked and maintained
the same metabolic state in wvivo.”° Under this
condition, the fluorescence intensities of tissue
NADH and Fp is almost 10 times more than those
at normal temperature. This redox scanning has
been a classic method to monitor the tumor me-
tabolism.?"*® Nowadays, it has been rarely reported
on tumor metabolic imaging with integrin receptor
based probes so far. Therefore, observation of these
target probes related metabolism states in tumors is
attractive and urgent.

In this paper, we developed a probe named Octa-
RGD, which can specifically target to integrin re-
ceptor of tumor cells both in vitro and in vivo, and
simultaneously be utilized as fluorescent tag. The
probe was applied to screen variable tumor cells
(HT1080 cells, B16 cells, CNE-2 cells, MDA-MB
cells, MCF-T7 cells), and we observed that CNE-2
cells, MDA-MB cells and HT1080 cells had higher
affinity than B16 cells and MCF-7 cells, corre-
sponding with their different intergin expression
levels. Moreover, we investigated the mitochondrial
redox state of human fibrocarcinoma-HT1080
tumor targeted by Octa-RGD probe. The tumors
from mice injected with Octa-RGD probe displayed
obviously higher NADH redox ratio, and signifi-
cantly higher fRFP signal, than those with fRFP
protein. From these results, we can conclude that
the Octa-RGD probe has ability to target different
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tumor cells specifically both in wvitro and in vivo.
This study introduced a new probe to detect cell
integrin expression conveniently, and gave some
valuable information about the tumor metabolism
with integrin receptor based probe distribution.

2. Materials and Methods
2.1. Construction of Octa-RGD plasmid

To construct the plasmid Octa-RGD, primers in
Table 1 were used. The DNA fragment fRFP-RGD
was amplified by PCR first, and then it was used as
the template for PCR to obtain the DNA fragment
RGD-fRFP-RGD which was collected and digested
by the EcoRI and HindIIl simultaneously. The
plasmid vector pRSET-B was digested under
the same condition and ligated with RGD-fRFP-
RGD by T4 DNA ligase (Takara, Japan). Since
fRFP was a tetramer complex as we had proven
previously,'” the flanking RGD on both ends made
RGD-fRFP-RGD an octa-valent probe, termed as
Octa-RGD.

2.2. Protein purification and
quantitation

The bacterium strain BL21 (DE3) was used for

protein expression and purification. Octa-RGD and

fRFP were purifed and quantitated in the same

way. The culture was centrifuged and re-suspended
in binding buffer after 12-h induction with 1 mM

Table 1. Octa-RGD plasmid oligonucleotides.

Primer Sequence (5’-3")

F-1 CCGGAATTCGTGGGTGAGG ATAGCGTG

F-2 CCCAAGCTTTTAGGTGCGCGCCAC
TTTCTGTGCAAGAACCTG

F-3 CTTTCTGTGCAAGAACCTGCAAAT
CACCACCGTAAATTCGGAAC

F-4 CCACGTAAATTCGGAACTGCATTG
CCACCCACCCATCCGCCGCTG

F-5 GCCACCCGATCCGCCGCT
GTGCCCCAGTTTGCTAG

R-1 AAGTTTTAGCGCAAAAAGTGGC
ACGAACAGGCGGATCGGGTGG
CATGGTGGGTGAGGATAG
CGTGCTGATCACCGAG

R-2 CCGGAATTCAACGCGGTGCCTAACCT

TCGCGGCGATTTACAAGTTTTAGCG
CAAAAAGTGGCACGAACAGGCGG

IPTG. The suspended bacteria were then sonicated
for 1s of every 5s for a total of 30 min. The lysate
was centrifuged at 12,000 rpm for 10 min with the
sediments discarded. The supernatant was filtered
with 0.45 pm syringe filters and subjected to Ni-
NTA His-affinity rasin (Thermo Scientific, USA).
After washing the impurities off from the column for
several times with washing buffer, the protein of
interest was eluted by 500 mM imidazole. The col-
lected protein was dialyzed in PBS over night
and run through a 0.22 ym sterilized syringe filter.
The concentrations of both purified proteins were
quantitated with a Modified Lowry Assay kit
(Thermo Scientific, Massachusetts, USA) before use.

2.3. Confocal imaging and flow
cytometry

HT1080, B16, CNE-2, MCF-7 and MDA-MB-435S
cells were preserved by our lab. These cells were
cultured in RPMI 1640 medium (Gibico, USA) and
supplemented with 10% fetal bovine serum (Hyclone,
USA) and 100 IU/ml penicillin, 100 pug/ml strepto-
mycin with 37°C 5% COs (Thermo, USA).

For confocal imaging, HT1080 and B16 cells were
incubated with the probe Octa-RGD (10 uM) for
2h, while fRFP as the control. The cells were
washed twice with PBS before the 10-minute incu-
bation in 1 M Hoechst 33258 (Sigma, USA), and
transferred to confocal microscopic imaging system
(Olympus, Japan) for imaging. The probe was
exicted with 543 nm laser and Hoechst with 405 nm.
For flow cytometry, each of the aforementioned cell
lines were collected and incubated in 10 uM Octa-
RGD and fRFP, respectively. After washing twice
with PBS, the cells were suspended and subjected to
flow cytometry (Guava easay Cyte 8HT, Millipore,
German).

2.4. Characterization of Octa-RGD
probe

The hydrodynamic size distribution of Octa-RGD
were measured by light-scattering photon correla-
tion spectroscopy (Zetasizer Nano-ZS90; Malvern
Instruments, Malvern, UK) with a 4.0-mW He-Ne
laser operating at 633nm and a detector angle of
90°. For particle size determination, the data were
modeled assuming spherical particles undergoing
Brownian motion.
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The purified Octa-RGD probe and fRFP protein
of the same concentration were subjected to SDS-
PAGE. 8% polyacrylamide gel was used as the
separating gel for SDS-PAGE, and prestained pro-
tein ladder (Fermentas, USA) was used as the mo-
lecular-weight size marker.

2.5. Xenograft model in nude mice

Nude mice (male, 6-8 weeks) were purchased from
Silaike company (Shanghai, China). Mice were
maintained under SPF conditions, and all experi-
ments were performed according to the animal ex-
periment guidelines of the Animal Experimentation
Ethics Committee of HUST. Nude mice were inoc-
ulated with 2 x 10° HT1080 cells (in 100 ul PBS)
subcutaneously in the left flanks, respectively.

2.6. The whole body fluorescence
imaging

Two weeks after tumor inoculation, the xenograft-
bearing nude mice (n = 6) were randomly allocated
into two groups. Mice were intravenously injected
with the Octa-RGD probe at the concentration of
56 uM in one group, while the other group of mice
were i.v. injected with fRFP protein at equal
amount of protein. The fluorescence images of the
whole body were taken at the time of 30 min, 6 h,
9h, 12h post-injection, respectively by using a
custom-made whole-body optical imaging system?>’
with a deep red filter set (excitation filter: 562/
40 nm; emission filter: 655/40nm). All the images
were calibrated with an autofluorescent background
filter set (excitation filter: 469/35 nm; emission fil-
ter: 655/40nm) and exposure time of 5s.

2.7. Redox scanning

After the whole body fluorescence imaging, the mice
were sacrificed. The tumors were excised, and were
frozen in liquid nitrogen quickly. Then the tumor
was mounted by refrigerant (ethanol: glycerin:
water = 3:6:1). In order to observe tumor metabo-
lism directly and conveniently, we utilized a redox
scanner, which is a home-made low temperature
imaging system in our lab for monitoring tissue
mitochondria NADH and Fp fluorescent signal
er vivo. NADH, Fp and fRFP were excited by
365 nm, 455nm and 590nm LEDs with exposure
time of 1s, 2s, 10s, respectively, and the emission

filters we used are 447 4+ 30 nm, 546 + 12.5 nm and
630+ 12.5nm. The data was analyzed by the
MATLAB 7.0 software as previously described.?”
The fluorescence intensity of the NADH, Fp and
fRFP signal was analyzed by the MATLAB 7.0
software as previously described.?"

3. Results
3.1. Characterization of Octa-RGD
probe

After synthesizing the Octa-RGD probe by genetic
method based on fRFP protein (RGD-fRFP-RGD,
abbreviated as Octa-RGD, as the tetrameric fRFP
binds eight RGD peptides), we next investigated
the property of probe. To determine the hydrody-
namic size distribution of probe, the dynamic light
scattering (DLS) was used to detect, as shown in
Fig. 1(a), the data indicated that the size of Octa-
RGD probe is 12 nm + 1 nm. Sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE)
analysis indicated the size difference between Octa-
RGD probe and the control tetrameric fRFP

':E\BO 12+ 1 nm

S

520

&

210

= :

= :

=0

10° 10! 10? 10° 10
Size (d.nm)
(a)
Octa-RGD fRFP Octa-RGD {RFP kDa

(b)

Fig. 1. Characterization of Octa-RGD probe. (a) The DLS
result of Octa-RGD fluorescent probe. (b) The SDS-PAGE
analysis of Octa-RGD probe and fRFP protein. The standard
protein marker is on the right.
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protein, evidenced by their migration difference of
gel band in Fig. 1(b). We also had previously shown
that those fRFP protein based probes all kept stable
after incubated with blood plasma at 37°C for 3 h,
and demonstrated that tetramerization enhanced
the plasma stability of protein.'’

3.2. Validating the targeting of
Octa-RGD probe in living cells

After describing the property and validating the
stability of Octa-RGD probe, we next investigated

fRFP Hoechst 33258 Merge

HT1080+fRFP  HT1080+Octa-RGD

(a)

fRFP Hoechst 33258

rge

B16+0cta-RGD

B16+RFP

(b)

Fig. 2. Cell uptake of Octa-RGD probe and fRFP protein by
confocal imaging. (a) Confocal imaging in HT1080 cells
(integrin positive cell line). (b) Confocal imaging in B16 cells
(integrin negative cell line). The cells were incubated with
10 uM Octa-RGD or 10 uM fRFP for 2h as indicated. The cell
nucleus was stained with Hoechst 33258. The red signal
represented the fluorescence from fRFP, and the blue signal
represented the fluorescence from Hoechst 33258. The images
were all taken under the same conditions.

its targeting by using confocal study. Two cancer
cell lines were used in this study, HT1080 cells®!
(integrin receptor positive cell line) and B16 cells
(minimal integrin receptor expression cell line).*?
As shown in Fig. 2(a), high uptake of Octa-RGD
probe was observed in the HT'1080 cells visualizing
by its strong red fluorescence signal, while minimal
signal was observed in B16 cells (Fig. 2(b)).
Minimal uptake of fRFP protein was both shown
in HT1080 and B16 cells, and no significant dif-
ference was found between positive and negative
cells in untargeted fRFP group. The data indi-
cated the Octa-RGD probe selectively targeted to
integrin receptor positive cells, while fRFP protein
did not.

3.3. Screening binding affinity for
integrin receptor in different
cells by flow cytometry

After validating the targeting of probe, we next
investigated the screening ability of probe on
binding affinity for integrin in a variety of tumor
cells, including murine melanoma B16 cells, human
nasopharyngeal carcinoma CNE-2, human fibro-
sarcoma HT1080, human melanoma MDA-MB and
human breast adenocarcinoma MCF-7 cells. Dif-
ferent cells were incubated with equal amount of
Octa-RGD probe and fRFP protein, respectively,
then the red fluorescence intensity was analyzed by
flow cytometry. As shown in Fig. 3, compared to
the fRFP protein group, higher fluorescence in-
tensity ratio of Octa-RGD was found in CNE-2
(19.75), HT1080 (9.6) and MDA-MB cells (10.24),
while mininal fluorescence intensity of probe was
found in MCF-7 (1.89) and B16 cells (1.54).
Comparing the fluorescence intensity of probe in
HT1080 cells and B16 cells as mentioned previ-
ously, we observed that the fluorescence intensity
of probe in HT1080 cells was six folds more than
that in B16 cell. This difference was consistent
with the confocal study as shown in Fig. 2. It
further confirmed the targeting of Octa-RGD
probe. The data also indicated that the CNE-2,
HT1080 and MDA-MB cells has higher binding
affinity for probe, while MCF-7 and B16 cells
has minimal binding affinity, the uptake differ-
ence of the probe was corresponding with the
intergin expression level as previous literature
reported.?! 34
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Fig. 3. Flow cytometry plots showing different binding affinity for RGD peptide in different tumor cells. As indicated in the figure,
all cells were incubated with the same amount of Octa-RGD probe and fRFP protein, respectively The black curve represents cells
alone without incubation, the gray-filled curve represents cells after incubation. The z-axes of the histograms represent the fRFP
fluorescence intensity. The y-axes represent the number of pixels in the cells having a specific value of fRFP.

3.4. The enhanced uptake of Octa-RGD  each time point, while weak signal was found in
probe in the targeted tumor fRFP protein group. The data indicated that the
Octa-RGD probe facilitated its uptake in the tar-

Next, we investigated the in vivo targeting of Octa- geted tumor in vivo.

RGD probe in an integrin receptor positive tumor
model (human fibrocarcinoma-HT1080 xenograft

model). The equal amount of fRFP protein wasalso g5  The quantitative mitochondrial

intravenously injected as a control. The whole body , .
. ) ) redox itmaging of tumor targeted by
fluorescence images were taken at different time

points (0.5h, 6h, 9h and 12h) post-injection. As Octa-RGD probe

shown in Fig. 4, the strong red fluorescence signalin ~ Next, to investigate the tumor metabolism state,

tumor region was observed in Octa-RGD group at  the Cryo-imager developed previously®’ was used to
2000

Bright Field 0.5h h 9h 12 h
- 11500
i 1000
i
500
> v ‘.
‘ 0
(b)

Fig. 4. The whole body images of Octa-RGD fluorescent probe and fRFP fluorescent protein in human fibrosarcoma bearing nude
mice at different time point, respectively. (a) Octa-RGD probe group. (b) fRFP protein group. Images were taken under the same
conditions at 30 min, 6 h, 9h, 12 h post-injection, respectively.

6
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detect the NADH and Fp signals of tumors. The
supporting Fig. 1 depicted the spectra of NADH, Fp,
Octa-RGD and fRFP, respectively, the data dem-
onstrated that there was no crosstalk when we use
Cryo-imager system, it can distinguish each signal
well. After 12 h post-intravenous injection of probe,
the mice were sacrificed and tumors were excised and
put into liquid nitrogen immediately to maintain
their primary metabolism. Figure 5 showed the
metabolic and fluorescent imaging of HT1080 tumor
targeted by Octa-RGD probe or control fRFP

NADH

1500
I1230

Octa-RGD

protein, including Fp, NADH, NADH redox ratio
NADH/(Fp+NADH) and fRFP fluorescent signal.
As shown in Fig. 5(a), we observed that the region
with more Octa-RGD probe accumulated had higher
NADH redox ratio in tumor. The correlation analysis
was performed to further assess their relationship.
However, the R? of correlation between NADH and
fRFP was less than 0.5, that is, no significant corre-
lation relationship was found (data not shown here).

The tumor with Octa-RGD probe accumulation
(Fig. 5(a)) had lower Fp fluorescence intensity, but

l]RDO
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Fig. 5.

The redox and fRFP fluorescence image and corresponding histograms of (a) Octa-RGD probe and (b) fRFP protein in

human fibrosarcoma HT1080 tumor regions, respectively. The z-axes of the histograms represent the Fp, NADH, NADH redox ratio
NADH/(Fp+NADH) or fRFP fluorescence intensity, respectively. The y-axes represent the number of pixels in the tumor section
having a specific value of Fp, NADH, NADH ratio or fRFP. (c) The average NADH redox ratio of tumors with Octa-RGD probe
(n =5) or fRFP protein (n = 10) uptaken, respectively. (d) The RFP fluorescence intensity of tumors in two groups. Error bars
represent SEM. The student’s ¢-test was used to determine significance and p-values less than 0.05 were considered significant

(*p < 0.05).
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Fig. 5.

higher NADH redox ratio NADH/(Fp+NADH)
than the tumor with fRFP protein (Fig. 5(b)). The
average NADH redox ratio as shown in Fig. 5(c)
further confirmed this phenomenon (p < 0.05). In
addition, the fRFP fluorescent signal in Octa-RGD
probe group was found significantly stronger
(p < 0.05) than the signal in fRFP protein group as
shown in Figs. 5(a), 5(b) and 5(d). The data further
demonstrated the Octa-RGD probe facilitates its
uptake in the targeted HT1080 tumor at tissue
section level, it consistent with the whole body
fluorescence images shown in Fig. 4. The Fp coen-
zyme was localized in mitochondria, and it would be
reduced after treatment with some oxidative phos-
phorylation inhibitors as the tissue metabolism
shifted as reported.?” When Octa-RGD probe was
delivered to inner tumor via integrin receptor after
12h post-injection, the decreased Fp signal or in-
creased NADH redox ratio compared to untargeted
protein fRFP suggesting that the RGD targeting
might change the tumor metabolism.

4. Discussion and Conclusion

Many factors can influence the effectiveness of drug
uptake in the solid tumors, such as gene amplifica-
tion, metabolism, and the limited penetration into
tumors.*% It is important to develop probes to in-
crease the drug uptake ability and know their dis-
tribution in the inner tumors, and investigate the
relationship between tumor metabolism and their
distribution.

Integrin is a high expression receptor in most
tumors surface, while nearly no expression in nor-
mal tissues. So intergrin targetting-probe can be a

200 4
%k
1
5 150 4
<
v
2
2 100 1
L
=)
2
=
e 504
~
0_
Octa-RGD fRFP
(d)
(Continued)

useful tool to deliver much more therapeutic drugs
to the tumor region.?” Many chemical synthesis-
probes were developed to bind different types of
integrin receptors of tumor surface. However, it still
lacks a convenient method for developing a probe
which can detect and observe integrin receptor ex-
pression simultaneously with low toxicity.

In this paper, we developed a new probe named
Octa-RGD, based on a tetrameric fRFP, which had
ability to target integrin receptor in tumor cell
surface with high stability (Fig. 2). It is simple and
convenient to synthesize using genetic engineering
method. In order to detect the binding affinity of
Octa-RGD probe to tumor cells, we incubated
probe with five tumor cell lines, respectively. The
flow cytometry results (Fig. 3) indicated that dif-
ferent tumor cell lines had varied binding affinity to
the probe. CNE-2 cells had the highest affinity than
the other cells, while B16 cells had the lowest. This
differentiation of binding affinity was corresponding
with their different integrin receptor expression
levels as reported.?'* The data indicated that the
Octa-RGD probe could be utilized to evaluate and
screen integrin expression in tumor cells. However,
further experiments need performing to investigate
its specificity and sensitivity thus confirming
whether it has the potential to be a simple screening
probe in future. Next, the targeting ability of probe
i vivo was also investigated, using untargeted
protein fRFP as a control, the probe was found
accumulated stronger in human fibrocarcinoma
(high integrin expression tumor) than fRFP protein
at 12h post injection (Fig. 4). In order to further
investigate the biodistribution of Octa-RGD probe
in inner tumors, the tumors were imaged by our lab
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cyro-imager system. The tumor metabolism infor-
mation has collected by imager system simulta-
neously (Fig. 5). The Octa-RGD probe strictly
distributed in the inner tumor, while control fRFP
protein not. At the same time, we also investigated
the distribution of Octa-RGD probe in murine
melanoma (negative integrin expression tumor), no
obvious fRFP fluorescence intensity was found in
the inner tumor region (data was not shown here).
It further confirmed that Octa-RGD probe had
chosen integrin positive cells to target, and the
results were consistent with the confocal study and
flow cytometry data in vitro.

From Figs. 4 and 5, we can conclude that the
Octa-RGD probe has effective target ability to the
fibrocarcinoma, while the control fRFP protein has
no targeting affinity. Previous researchers consid-
ered that the tumor metabolism can affect the dis-
tribution of targeting drug,*® we further compared
the mitochondrial redox states of human fibro-
carcinoma (HT1080 tumors) targeted by Octa-
RGD and fRFP protein. From the results, we
observed that the redox ratio and fRFP fluorescent
signal of tumor samples had obvious difference be-
tween the two groups (Fig. 5). The NADH redox
ratio and fRFP fluorescent signal of tumor with
Octa-RGD probe distribution were much higher
than the tumor with fRFP protein distribution. The
fRFP had been demonstrated as a safe fluorescent
indicator for in wvivo optical imaging, and no evi-
dence had been found that it could influence tumor
metabolism.'"'® The increased NADH redox ratio
in Octa-RGD group suggests that the RGD tar-
geting, not fRFP protein might change the tumor
metabolism. It needs more experiments to confirm
the relationship between RGD targeting and tumor
metabolism. It had been reported that the Fp redox
ratio (Fp Ratio = 1 — NADH Ratio) was related to
breast cancer metastatic potential. Li group ob-
served higher Fp redox ratio in core than the rim in
all aggressive tumors but not in the indolent
tumors.?” So our results may provide a new sight on
RGD targeting based cancer treatment by altering
tumor metabolism. Moreover, we also found that
the distribution of NADH signal and fRFP was
similar. To further evaluate their relationship, the
correlation analysis was performed. However, no
significant correlation was found (data not shown
here). We hypothesized that this correlation anal-
ysis was limited by the resolution of cryo-imager,
because this instrument could not distinguish

whether the signal was located in tumor cells or
tumor vessels. The Octa-RGD probe may remain in
tumor vessels, not in inner tumor area, which may
induce crosstalk in this study. It also pushes us to
develop more accurate and precise instruments for
detecting metabolic information in future.

In brief, we constructed a probe named Octa-
RGD, which had target ability to bind integrin re-
ceptor in tumor cells surface both in vitro and in
vivo. We analyzed the binding affinity of probe to a
variety of tumor cells, and found that it has differ-
ent affinity with tumor cells. The probe could be
utilized as a useful tool for detecting integrin ex-
pression level by quantifying its fRFP fluorescence
intensity in tumor cells in future. The increased
NADH redox ratio of tumor with Octa-RGD probe
compared to fRFP protein group also suggests that
this probe might change the tumor metabolism,
thus providing new insights for RGD targeting-
based cancer therapeutics.
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