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Abstract
The results of affinity selection in vivo from phage peptide libraries for the identification of peptides that bind to the
transplantable tumor, murine lung adenocarcinoma and hepatocarcinoma, are described in this survey. Studying the
affinity of the selected phages to tumor showed that they accumulated in the tumors tens and hundreds times as much
as in the control organs. Absence of specific binding of phages to tumor cells in vitro allows presuming that phage
accumulation in tumors in vivo is provided by interaction of peptides exposed on the surface of virion with elements of
stroma.
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venter of experimental animals that were used in experiments when
their tumor nodes grew from 5 to 8 mm in diameter.

Introduction

To select peptides specifically interacting with AL and HA we
used phage peptide libraries Ph.D.-12™ и Ph.D.-7™ produced by New
England Biolabs, Inc. M13mp9 phage was used as a control when
studying specificity of bacteriophages to tumors. To amplify and titer
phages strain Escherichia coli ER2738 was used.

Phage display libraries are often used to identify peptides binding
to tumors. Targets for peptide selection can be represented by purified
tumor antigens, cell cultures or grafted tumors [1]. By now a number of
peptides have been identified that have enhanced specificity to tumors
[1-5]. It was shown that phages carrying such peptides accumulate in
tumor when administered intravenously. Studies was carried out both
in murine models [6] and in models of human grafted tumors [2,7], and
even in oncology patients [8].
There is variety of practical applications of tumor-targeted peptides
obtained with the use of phage display. Some of these peptides
have intrinsical antitumor activity; for instance, they can suppress
functioning of tumor lymphatics [9]. It was shown that conjugation
with peptides of chemotherapeutic agents, such as doxorubicin,
enhances their efficiency and decrease toxicity [2]. At the same time
conjugation can be performed directly with agent, or peptide can
be inserted in outer membrane of liposomes or other nanoparticles
transporting therapeutic agent to target [10,11]. Furthermore, for
diagnostics purposes it is possible to conjugate tumor-targeted peptides
with contrasting or fluorescent agents. It enables to localize tumors and
metastases [5,12,13].
Thus, peptides selected from phage peptide libraries that bind to
tumors are promising candidates of targeted molecules and are able to
enhance binding specificity of chemotherapeutic drugs and diagnostic
agents to tumor.
The aim of this work is to select phagotopes with specificity to
murine lung adenocarcinoma from phage peptide libraries.

Materials and Methods
This work was carried out with the use of 3–4-month-old male mice
of A/Sn lineage obtained from vivarium of Institute of Cytology and
Genetics of Siberian Branch of the Russian Academy of Sciences. All
animal procedures and care were approved by the IACUC (Institutional
Animal Care and Use Committee) of the State Research Center of
Virology and Biotechnology Vector.
We used ascitic lung adenocarcinoma (AL) and hepatoma (HA)
described previously [14]. Tumors were grafted subcutaneously in
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Affine selection of peptides specifically interacting with tumor was
carried out using previously described method of selection in vivo [2]
with our modifications. Phage peptide library comprising 1011 phage
particles in 0.5 DMEM medium was administered to mice’ tail vein.
After 5 min mice were put in heavy ether narcosis, opened up and 10 ml
of DMEM chilled medium was perfused through hearts. Tumors were
taken out, weighted and homogenated in 1 ml of physiological solution
with 1 mM of protease inhibitor
phenylmethylsulfonylfluoride, were washed three times with
physiological solution with 1% BSA. After that tumors were incubated
for 20 min with 1 ml of E. coli ER2738 night culture at room
temperature. After centrifugation supernatant was mixed with 20 ml of
E. coli ER2738 culture and incubated for 8 h at 37ºC on thermoshaker.
Obtained mix of phages was purified and used in the next selection
round. After the third and the fourth rounds phages were plated, then
individual phage clones were used, produced, single stranded DNA
was obtained for sequencing according to instruction for a set of phage
peptide libraries.
Sequencing of randomized region of DNA in selected phages was
carried out using automatic capillary sequencer at Common use center
“Genomics” in Siberian Branch of the Russian Academy of Sciences.
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Amino acid sequence of peptides exposed on the surface of phage
particles was detected using analysis of results of DNA sequencing.
Analysis of selected phages distribution in organs was carried
out after animals were administered with individual phage clones in
quantity 109 particles in 500 mcl of physiological solution. After 24
h of incubation tumor and studied organ tissues were sampled and
quantity of phages was detected. For the purpose 1 mg of tissue was
homogenated, all phages that did not bind were deleted using 5-fold
washing in TBS-Tween-20. Specifically bound phages were eluted using
0.2 M Glycine-HCL/0.1% BSA, PH 2.2. The titer of eluted phages was
detected using E. coli ER2738.
Analysis of binding of selected phages to tumor cells in vitro. 106
of tumor cells washed free from ascitic fluid, and 109 of phage particles
were incubated in DMEM medium at room temperature for 5 min.
After incubation cells were washed free from phages that did not bind
two times. Specifically bound phages were eluted using 0.2 M GlycineHCL/0.1% BSA, PH 2.2. The titer of eluted phages was detected using
E. coli ER2738.

Results
When selecting using adenocarcinoma from 12-mer library
after four rounds of affine selection, we selected 31 phage clones
of which two clones were used in our further study: with insertions
TAAPVPKGPVSP and MQAAYTPPLGSL (marked as 12-1 and 12-2,
respectively). When selecting using adenocarcinoma and 7-mer library,
we detected sequences of 90 phages of which five clones were selected

for further study: with insertions TPWPRLN, GNTPSRA, HAIYPRH,
STASYTR, and STPQTPR (7-1, 7-2, 7-3, 7-8, 7-9, respectively).
Specified phages were selected according to the frequency of insertions
occurrence among selected phages.
To analyze distribution of phages in organisms of laboratory
animals with grafted tumor AL mice were administered with individual
clones of bacteriophages 12-1, 12-2, 7-1, 7-2, 7-3, 7-8, and 7-9, each of
them in quantity of 109 particles of bacteriophage for each animal. 24 h
after inoculation the difference in phage accumulation in tumor and in
lungs attains significant values, from several dozens to several hundred
times. Two phages, 12-2 and 7-3, showed the most effective results
(Figure 1). Of note, 12-2 phage was isolated from Ph.D.-12™ library, and
phage 7-3 – from Ph.D.-7™ one (Figure 1).
It is believed that during the selection of tumor-specific peptides
in vivo peptides are often selected that bind to growing tumor vessels
whose antigenic features significantly differ from vessels of organism
[15]. To verify this statement we studied capacity of selected phages
to bind to other great tumor – hepatoma. To that end, we used animal
models that simultaneously have two tumors (AL and HA). Mice were
administered with 12-2 and 7-3 phages. Figure 2 shows that both
12-2 and 7-3 phages accumulate both in one and the other tumor in
significantly large quantities compared to control phage. These data
indicate that phage binds either to similar markers of cancer cell of two
different tumors, or to vessels or other parts of tumor stroma.
We also analyzed interaction between phage clones 12-2 and 7-3
and ascitic cells AL and did not detect significant differences between

Figure 1: Accumulation of phage clones in organs (tumor and lungs) 24 h after inoculation of 109 phage particles into organism of mice with lung adenocarcinoma.
Phage quantity is indicated in equivalent of 1 g of tissue. Three mice were used in experiment with each bacteriophage.
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Figure 2: Binding of 12-2, 7-3 and control phages to lung adenocarcinoma and hepatocarcinoma in vivo 24 h after administration of 109 phage particles into
organism of mice with both tumors. Phage quantity is indicated in equivalent of 1 g of tissue. Three mice were used in experiment with each bacteriophage.

ascitic cells with phages carrying insertion and the control phage.
It confirms above-mentioned hypothesis that selection had place in
growing vessels or other parts of tumor stroma, but not in tumor cells.

Discussion
Currently developed chemotherapeutic methods often enable
to significantly decrease tumors, prevent back-sets and metastasis
after surgical treatment. At the same time chemotherapy in oncology
involves a lot of side effects, both temporary and long-term. The fact
is that chemotherapeutic preparation action is focused on control of
cancer cells; however, those drugs significantly influence on healthy
cells activity. Therefore it is important to titrate down preparation
administered to patient during treatment. It can be achieved by
conjugation of peptides addressed to tumor with medicinal drug.
In this case it can be possible to provide enhanced concentration of
drug substance in region of tumor and consequently to significantly
decrease action of chemotherapeutic agent on patient’s organism.
Peptide itself is virtually nontoxic. The use of such peptides conjugated
with fluorochrome is possible for diagnostic purposes, for instance, for
visualization of tumor before operation.
Of course, phage display similar to any other method has some
disadvantages. The paper describes the most important issues.
While the concentration of phage particles sounds impressive and
approaches 1012/ml, the molarity of the displayed peptides is quite low
(i.e., picomolar) and, therefore, biochemical experiments necessitate
the use of synthetic forms of the peptides. The sequence complexity
of the library is below that of the number of recombinants in a library
and a negative result may be due to sparse sampling. There is biological
selection against odd numbers of cysteines, runs of positive charges,
and certain residues at fixed positions within the displayed peptide.
Consequently, selection results may be inherently biased. Phage-display
typically only yields binding or bioactive peptides that “work” and as
a result one can only infer, from the absence of data, what does “not
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work”. Thus, based on the last three limitations, phage-display is more
of a survey tool, rather than an analytical one: whenever one isolates
peptides of interest through phage-display experiments, it is generally
beneficial to synthesize the isolated peptides, and sets of related
sequences, for careful, qualitative and quantitative analysis [16].
However, phage display technique, using 12-mer and 7-mer phage
peptide libraries by means of in vivo selection, enables us to select
phage clones. After intravenous administration in mice those clones
accumulated in mice tumor several dozens and hundred times as much
as in control organs. The absence of specific binding of selected peptides
to tumor cells in vitro, as well as their binding to different tumors in
vivo enables to assume that studied phages demonstrate affinity most
likely to growing blood vessels or other elements of stroma. We think
that tumor-specific peptides capable to deliver phages to tumor can be
used in practical medicine for targeted delivery of medicinal drugs and
diagnostics.
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