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Abstract

Despite intensive effort, no effective pharmacological inhibitors of the Ras oncoprotein have been reached the clinic given the impression that Ras proteins are
undruggable. However, progresses have been made in several directions to manipulate Ras.

In this manuscript, we describe a novel and promising approach for specifically targeting the Ras/Raf interaction. We have identified the amino acid sequence
involved in the binding of Ras to Raf. The amino acids of the binding site were coupled to an optimized penetrating peptide in order to generate a chimeric peptide,
Mut3DPT-Ras, able to penetrate the cells and target Ras/Raf interaction. We demonstrate that this protease-resistant peptide has an in vitro apoptotic effect on
several cancer cell lines and on primary cells isolated from chronic lymphocytic leukemia (CLL) as well as an antitumoral effect on chronic lymphocytic leukemia-
like and lymphoma xenograft model. The new generated peptide allows the modulation of the Ras/Raf interaction and might have a potential as a new therapeutic

approach for cancer treatment.

Introduction

Cancer is frequently characterized by mutations that disrupt normal
mechanisms controlling cell survival, proliferation, differentiation and
apoptosis. Ras family of small GTPases consist of four highly related
members: K-Ras 4A, K-Ras 4B, H-Ras and N-Ras. The proteins are
normally located at the inner leaflet of the plasma membrane, where
they are involved in the signal transduction through interaction with
multiple partners/effectors. Ras function switch between GTP-bound
active form and GDP-bound inactive form. Active Ras binds to one of
their multiple effectors, Raf serine/threonine kinase (c-Raf or B-Raf)
and induces their translocation to the plasma membrane where Ras is
fully activated [1,2].

The four Ras homologous proteins (H-Ras, N-Ras, K-Ras 4A and
K-Ras 4B) are identical in the first 85 amino acids. Ras proteins share
85% identity over the next 80 amino acids and diverge substantially
at the C-terminal hypervariable region, which terminates with a
CAAX motif, where takes place the posttranslational modifications.
Although the role of Ras pathway activation has been described in
the development of myeloid disease, growing evidences implicate
hyperactive Ras in the development of lymphoid cancers. Lymphoid
transformation was observed in primary hematopoietic cell expressing
mutant Ras [3]. K-Ras and N-Ras point mutations have been found in
several hematological cancers [4], as well as in other solid tumors such
as colon, pancreas, lung, ovary and melanoma [1].

Oncogenic Ras is an interesting target for rational drug discovery
as the mutant protein is a membrane-associated signalling molecule
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that is expressed at high level in primary tumor cells. However,
targeting Ras is extremely complicated in practice due to the nature
of the Ras cycle and the functional consequences of mutations [5,6].
Given these biochemical problems, drug discovery efforts have been
primary focused in four areas: 1) direct inhibition of Ras, 2) blocking
enzymes that catalyze posttranslational modifications of Ras and that
are essential for membrane targeting, 3) developing inhibitors of
downstream effectors and 4) searching for synthetic lethal interactors
of mutant Ras [1,7].

Cell penetrating peptides (CPP) are molecules that can translocate
into cells without causing membrane damage, leading to their proposal
use as vectors for intracellular delivering of therapeutic cargos [8]. CPP
can cross the membrane and reach the cytoplasm and/or the nucleus [9].
We reported experimental evidence that using a CPP and interfering
peptide we were able to dissociate caspase-9/PP2A interaction inducing
in vitro and in vivo tumoral cell death without affecting healthy cells
[10-13]. Considering the difficulties to reach intracellular or nuclear
targets by conventional methods, the use of CPPs in cancer treatment is
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of great interest [14,15] and peptide-based strategies offer considerable
advantages over other delivery systems. Major advantages of peptide
therapeutics include reduced immunogenicity as well as rapid delivery
of cargoes into cells. Furthermore, they are stable in physiological
buffers and are usually non-toxic [8,12].

Chronic lymphocytic leukemia (CLL) is the most common form of
leukemia in adults, which is defined by accumulation of monoclonal B
cells in hematopoietic organs due to the defect of apoptosis [16]. Clinical
treatments are based on the use of purine analogues, often associated to
cyclophosphamide [17-19] and the anti-CD20 monoclonal antibody
rituximab [19-21]. However, despite a significant improvement of the
overall survival of CLL patients, it remains clinical situations for which
new therapeutic approaches are needed, especially for relapse or refractory
CLL. Hematological malignancies such as CLL provide exceptional
platforms for addressing mechanistic questions because established
systems for culturing primary cells and robust mouse models.

Mouse models of human B-cells malignancies are important tools
for preclinical studies. For human B-cell lymphomas, several mice
models have been developed [22]. Here we have used a volumetric
model by engrafting Daudi cells into nude mice, which remains of great
value for efficiency. Difficulties in establishing permanent B-CLL cell
lines have hampered studies on CLL, however few reliable xenografted
tumor models are available nowadays. Taking advantage of our
previous data [23] we evaluated the efficiency of the chimeric peptide
Mut3DPT-Ras in xenograft mouse model obtained by injection of
human Jokl cells and CD5- transfected human Jokl cells (Jok5.3)
into SCID mice [24]. Whereas CD5 is generally lost in long-term
cultures of CLL cell lines, Jok5.3 cells derived by stable transfection of
the human CD5 gene into Jok-1 cells display a phenotype somewhat
close to that of primary leukemic cells. The xenografted mice that we
obtained developed a leukemia resembling the CLL type as defined by
the French-American-British criteria.

We have taken advantage of our knowledge on the design of
peptides for targeting protein/protein interactions in order to identify
the amino acids in human K-Ras protein a human B-Raf involved in
the complex formation in order to generate new tools for controlled
manipulation of Ras/Rafinteraction. In this manuscript, we describe the
identification of the binding site of Ras to Raf, as well as the generation
of chimeric peptides and assessed their potential anti-tumoral effect on
human CLL-like and lymphoma xenograft models. This peptide can be
used as therapeutic tool to dissociate the complex Ras/Raf in tumoral
cells as a potential targeted and selective clinical approach.

Results

In vitro identification of Ras sequence involved in Raf
interaction

To determine the residues of human K-Ras protein that interact
with the kinase B-Raf, we generated overlapping dodecapeptides
from human K-Ras protein, which were immobilized in a cellulose
membrane. (Figure 1A) shows the entire human K-Ras amino acid
sequence upon hybridization with human Raf protein. One set of spots
allowed the identification of a linear interaction area spanning residues
from 169 to 188. This sequence corresponds to a solved- exposed
structure (data not shown). Chimeric peptide containing Mut3DPT-
Shl, an optimized cell penetrating sequence previously developed in
our laboratory, followed by the selected Ras interaction sequence was
chemically synthesized and further used for functional assays. (Figure
1B) shows the K-Ras sequence comparison between human and
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mouse K-Ras and peptide identification, showing the high homology
of the Ras/Raf interaction sequence between human and mouse Ras
sequences. (Figure 1C) shows the sequence comparison among human
H-, K- and N-Ras isoforms. The most important differences in the
sequence are located at the C-terminal of the three proteins, strongly
suggesting the specificity of our peptide for the K-Ras isoform.

We were interested in confirming that the specific target of
Mut3DPT-Ras peptide is the complex Ras/Raf. To this end, we analyze
whether the peptide was able to target the in vitro interaction Ras/Raf.
For the competition assay, lysates from MDA-MB 231 cell line were
immunoprecipitated with anti-Raf antibody and the interaction with
Raf competed with the peptide Mut3DPT-Ras (Figure 2). Ras was
detected in control Raf immunoprecipitates, while it was undetectable
after competition with 1.5 mM of Mut3DPT-Ras peptide. Raf was
used as internal control showing similar detection in both conditions.
This result suggests that Mut3DPT-Ras peptide specifically targets the
interaction between human Ras and Raf.
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Figure 1. Identification of the binding site of Ras to Raf. A) Raf binding assay on
cellulose-bound Ras peptides. The sequence of Ras was developed as series of overlapping
dodecapeptides with a shift of two amino acids. Spots were detected using the ECL system.
Ras peptides that interact with Raf are boxed and the sequence shown. m, mouse; h,
human. B) Comparison of K-Ras sequence between human (h) and mouse (m) species. C)
Sequence comparison among human H-, N- and K-Ras isoforms.
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The penetrating peptide Mut3DPT-Ras induces apoptosis in
cell lines

We first analyzed the effect of Mut3DPT-Ras peptide on the viability
of colon, lung and breast cancer cell lines (Table 1). As shown in (Figure
3A), the viability of the colon cancer cell lines HCT1116, SW480 and
HT29 was almost not affected by the peptide Mut3DPT-Ras even when
used at high dose. On the contrary, the viability of the lung cancer cell
lines H1150, HBEC wt and HBEC Ras V12 was significantly affected at
high dose of peptide treatment (Figure 3B). Finally, the viability of the
lung cancer cell lines H1975, A549 and H1299 was slightly affected by
high dose of peptide Mut3DPT-Ras (Figure 3B).

We then analyzed the ability of the peptide Mut3DPT-Ras to
induce apoptosis on several colon, ovary and breast cancer cell lines,
as well as in lymphoma and CLL-like cell lines. As shown in (Figure
3C), the peptide induces apoptosis, as detected by Annexin-V-FITC
staining, in MDA-MB 231, BBCx-17 (breast cancer cell lines), SW626
and SW480 (colon and ovary cancer cell lines, respectively) upon 24h
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Figure 2. Mut3DPT-Ras competes in vitro Ras/Raf interaction. The MDA-MB231 cell
line was lysed and cytoplasmic extracts immunoprecipitated with anti- Raf antibody. The
interaction Ras/Raf was competed in vitro with 1.5 mM of Mut3DPT-Ras peptide for 30
min at room temperature. Immunoprecipitates were washed and immunoblotted with anti-
Ras and anti-Raf antibody, the former as internal control of protein loading.

Table 1. First analyzed effect of Mut3DPT-Ras peptide on the viability of colon, lung and
breast cancer cell lines.

Origin Cell line Mutation
Non-small cell lung cancer cell line | A549 K-Ras
H1299 N-Ras
H1650 Ras-wt
H1975 KRas
HBEC WT Ras wt
HBEC RasV12 K-Ras
Colon cancer cell line HCTI116 K-Ras
HT29 K-Ras
SW480 K-Ras
Ovary cancer cell line SW626 K-Ras
B lymphoma cell line Daudi K-Ras
CLL-like cell line Jok 1, Jok 5.3 -
Breast cancer cell line MDA-MB-231 K-Ras
BC227 Ras-wt
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Figure 3. In vitro cell viability and apoptosis assay. A) Colon cancer cell lines HCT116,
SW480 and HT29 (1x10%well) were treated with or without different concentrations of
peptide Mut3DPT-Ras as indicated. Absorbance was recorded 72h after. The results are
presented as percentage of viability relative to control non-treated cells. B) Lung cancer
cell lines H1650, HBEC wt H1975, A549, H1299 and HBEC RasV12 (1x10%well) were
treated with or without different concentrations of peptide for 72h. The analysis of cell
viability was made as above. C) MDA-MB231, BC227 (breast cancer cell lines); SW620
and SW480 (colon cancer cell lines) were treated with 100 pM of Mut3DPT- Ras peptide
for 24h and apoptosis was estimated by annexin V-FITC staining. Non treated cells (C)
were used as negative control. D) Daudi and Jokl cell lines were treated for 24h with
increasing concentrations of Mut3DPT-Ras peptide and then apoptosis was analyzed by
annexin V-FITC staining. C; control.
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of treatment. The basal level of apoptosis in control non-treated cells
is shown.

We further analyzed the effect of the peptide in the human Burkitt’s
lymphoma B cell lines, Daudi and in the chronic lymphocytic leukemia-
like cell line, Jokl (Figure 3D). In the two cell lines, Mut3DPT-Ras
peptide induced apoptosis, which was concentration-dependent and
reached the plateau at a concentration of around 100 uM for Daudi
and Jokl cell lines. The non-treated cell lines were used as a negative
control. Taken together, these results show an in vitro apoptotic effect
of Mut3DPT-Ras peptide in a large panel of human cell lines from
different pathologies and relative to control non-treated cells.

Mut3DPT-Ras has apoptotic effect on tumoral primary cell
from chronic lymphocytic leukemia

In order to evaluate the apoptotic effect of the peptide in primary
healthy and tumoral cells from the same origin, we used peripheral
blood mononuclear cells (PBMC) from healthy donors (HD) and
chronic lymphocytic leukemia (CLL) patients. PBMCs from HD and
CLL patients were treated 4h with the peptide (50 uM) and apoptosis
was analyzed by annexin-V staining. The peptide has an important
apoptotic effect on B cell isolated from CLL patients and a moderated
effect on B cells from HD (Figure 4A) relative to control non treated
cells. When non-B cells were analyzed (T, NK, monocytes), we
observed similar level of apoptosis between HD and CLL patients
relative to control non-treated cells (Figure 4B). The shuttle alone had
no effect on apoptosis, neither in HD, nor in CLL patient samples (data
not shown). This result might suggest that tumoral B cells could more
sensitive to treatment by the peptide than healthy B cells.

Mut3DPT-Ras is stable in human serum: The stability of
Mut3DPT-Ras peptide in human serum was assessed by mass
spectrometry (MS) before performing the in vivo experiments. When
Mut3DPT-Ras (mw 3,732 Da) was incubated with human serum at
37°C and further analyzed by HPLC-MS, we observed that the peptide
showed resistance to proteolytic degradation and almost all of the
peptide remains intact upon 24h of incubation at 37°C (Figure 5).

Mut3DPT-Ras has antitumoral effect on human xenograf
models of chronic lymphocytic leukemia and lymphoma: The
therapeutic efficacy of Mut3DPT-Ras was evaluated in three human
xenograft models using the two chronic lymphocytic leukemia Jok1
and Jok5.3 cell lines and the human NHL Daudi cell line.
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Figure 4. Apoptotic effect of Mut3DPT-Ras peptide on primary cells. A) Peripheral blood
mononuclear cells (PBMC) from healthy donors (HD) or chronic lymphocytic leukemia
(CLL) patients were isolated by Ficoll gradient and culture in the presence or in the absence
of Mut3DPT-Ras peptide (100 uM) for 4h, then washed and apoptosis of B cells analyzed.
Selection of B cells was done by anti-CD19 antibody before annexin V-FITC staining. Non-
treated cells were used as control. B) PBMC from HD or CLL patients were isolated and
treated as above. Apoptosis of non-B cells (T, NK, momocytes) was detected by annexin
V-FITC staining. Non-treated cells were used as control.
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Figure 5. Stability of Mut3DPT-Ras peptide on human serum. Mut3DPT-Ras was incubated
at 37°C in human serum for different periods of time and the integrity of the peptide was
analyzed by mass spectrometry (MS). Similar results were obtained in two independent
experiments. Every measurement was performed in triplicate. Standard deviation is shown.
m, Control; ¢Mut3DPT-Ras.

The treatment with Mut3DPT-Ras peptide was initiated three
days after injection of the cells in SCID mice xenografted with CLL
cell lines. As shown in (Figure 6A), treatment of Jokl and Jok5.3
tumors with Mut3DPT-Ras at 5 mg/kg yielded a significant survival
benefit, providing an increase in median survival. Control mice died of
disseminated disease manifested with central nervous system paralysis,
with a median survival time of 20 days after Jokl and jok5.3 tumor
inoculation. Median survival in both treated groups was significantly
extended to 31 days for Jok1 (p<0.003) and 23 days for Jok5.3 (p<0.01).

As shown in Figure 6B, tumor size (expressed in mm?®) in Daudi-
inoculated mice treated with Mut3DPT-Ras, was significantly slower,
as compared to controls (i.e., mice receiving NaCl) (p<0.05). Treatment
with NaCl did not improve the survival of mice (Figure 6B). On the
47th day post-tumor cell inoculation, control mice were euthanized for
ethical reasons (medium tumor size, 2866 mm?®), whereas the average
tumor volume recorded for animals treated with Mut3DPT-Ras was
403 mm’. This tumor reduction of ~81% was statistically significant
(p<0.01), compared to controls. In addition, we observed a delay in the
appearance of tumor in Mut3DPT-Ras treated mice than in the control
group (47 days vs. 25 days).

Subcutaneous Daudi tumors were established in nude mice and
allowed to reach a mean tumor volume of 175 mm?®before treatment
with saline or Mut3DPT-Ras peptide as described in Materials and
Methods. Established, large volume, solid tumors can present a
significant challenge to intervention by therapies. Reduction in tumor
volume was clearly observed upon Mut3DPT-Ras treatment. At the
end of the four weeks of treatment at 20 mg/kg/, peptide- treated mice
resulted in a substantial decrease of 58% in the volume of transplanted
tumors (1315 = 308 mm?®) when compared with the other two
groups, 1750 + 526 mm® (44%) and 2904 + 693 mm?® for the 5 mg/kg/
Mut3DPT-Ras and control groups (p<0.05, Figure 6C). Moreover, 17%
of mice treated with 20 mg/kg/ of Mut3DPT-Ras experienced complete
tumor remission without relapse (Figure 6C). This result suggests an
anti-tumoral effect in both preventive and curative treatment.

Discussion

Protein-protein interactions are emerging class of molecular targets
for many therapeutic areas. However, their relatively large interaction
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Figure 6. Mut3DPT-Ras peptide has significant in vivo antitumor activity in human chronic
lymphocytic leukemia and lymphoma xenograft model. A) SCID mice, inoculated with 2.5 x
10 Jok1 or Jok5.3 cells via tail vein injection, were intra peritoneal (I.P.) treated on days +3
with 5 mg/kg of Mut3DPT-Ras during five consecutive days for 4 weeks. Control mice received
NaCl. Survival was monitored for 77 days. <, Control Jok1; [J, Control Jok5.3; A, Mut3DPT-Ras
Jok5.3; ®, Mut3DPT-Ras Jok1. B) BALB/c nude mice, subcutaneously inoculated with 10 x
106 Daudi cells, were LP. treated with 5 mg/kg of Mut3DPT-Ras during five consecutive days
for 4weeks. Control mice received NaCl. Tumor growth was monitored for 47 days. The aver-
age tumor volume of each group (six mice in each group) with SD is shown as a function of
time (*, P < 0.05; **, P <0.003). Pooled data from 6-16 mice/group are shown. ¢, Control; <,
Mut3DPT-Ras. C) BALB/c nude mice, subcutaneously inoculated with 10 x 10° Daudi cells,
were LP. treated. when palpable tumors were apparent (mean: 150-200 mm?) with 5 mg/kg or 20
mg/kg of Mut3DPT-Ras during five consecutive days for 4 weeks. Control mice received NaCl.
Tumor growth was monitored until tumor burden to reach a maximum ethical-permissible vol-
ume. O, Control; m 5 mg/kg; A, 20 mg/kg.

surface has been considered as a factor of risk, since it can be difficult
to modulate or to disrupt using small molecules. This obstacle is more
prominent when the identification of the interaction amino acids is not
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obvious. New approaches such as the use of cell penetrating peptides
(CPP) are a promising alternative for the modulation of protein-
protein interactions.

CPP appear as new class of vectors that cross the membrane
overcoming the internalization problem and delivering cargo into
cells. They are used for intracellular delivery of cargoes, like peptides
[10,11,25,26]. An exciting targeted approach for therapy is the use of
chimeric peptides with penetration capability and protein-protein
interfering properties. We have published the use of a chimeric peptide
consisting of a penetrating sequence associated to the binding site
of caspase 9 to PP2A [11,12]. This peptide, as well as the optimized
protease- resistant variant [12] induces apoptosis in vitro specifically
on primary tumoral cell and has an anti-tumoral effect in vivo.

Ras is mutated at high frequency in various malignancies, including
pancreas, colon, lung and melanoma, among others. Ras mutations
have been implicated in the development of myeloid pathologies, and
increasing evidences implicates hyperactive Ras in the development of
lymphoid cancers [3,27-29]. Even if important efforts have been made,
no effective pharmacologic inhibitors of Ras proteins have reached the
clinic. Today researches are focused in the direct inhibition of Ras,
blocking Ras posttranslational modifications, targeting Ras effectors,
search for lethal interactors of mutant Ras and, finally, targeting
metabolic Ras- induced changes.

We have identified the binding site between the protein Ras and
its effector Raf. A blast sequence shows that the identified sequence is
highly conserved between human and mouse.

This observation indicates that these sequences should have
important functional role. In addition, sequence comparison among
human Ras isoforms shows a high homology, differing only in the
C-terminal CAAX motif. The peptide derived from the interaction
domain of Ras/Raf proteins was associated to an optimized shuttle and
evaluated its capacity to interfere with the parental Ras/Raf interaction.
This peptide induces apoptosis in all cell lines tested and primary B cells
isolated from chronic lymphocytic leukemia patients (CLL). However,
the moderated apoptotic effect observed on B cells isolated from healthy
donors (HD) might suggest a non-selective (specific) tumoral effect.
When analyzed individually the apoptotic effect on B cells from CLL,
we observed strong apoptosis on 5 patient samples and a low apoptotic
effect on 2 patient samples. When analyzed individually the effect on B
cells from HD, we observed a more homogeneous effect except for one
HD where the peptide had no effect.

Most of the strategies employed so far did not discriminate between
wild type and oncogenic Ras. In this case, the principle of selective
action of Ras inhibitors on cancer cells rather than wild-type cells
mainly relies on the “oncogenic addition” phenomena whereby cancer
cells become more sensitive to the pharmacological inhibitors of Ras
function [30]. We cannot exclude that oncogenic Ras and wild type Ras
utilize different pathways allowing the specific inhibition of oncogenic
Ras. This suggests that this peptide blocks mainly cancer but not or
very low the normal cells. When analyzing the effect of the peptide
in vivo using xenograft models of lymphoma, we observed a strong
anti-tumoral effect even when using a low dose of peptide such as 5
mg/kg and in both, preventive and curative treatment. We observed a
moderate effect on CLL like xenograft models, Jokl and Jok5.3.

Using a computer-based molecular modelling method, Pincus and
co-workers have designed two peptides from Ras protein that block
proliferation of cancer cells. The rational of their approach is to identify
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peptide domains from Ras that alter conformation in response to amino
acid substitutions. They compare low energy average structures from
oncogenic and wild type Ras using conformational energy calculation.
The peptides are then synthesized associated to the cell penetrating
sequence penetratin. It has been described that region from 38 to 47
amino acids of Ras is the binding site for all of the known targets of Ras,
including Raf, GAP, SOS and PI3K [31-37]. The same authors point
out that the region comprised between amino acids 55 and 71 of Ras
make also contact with GAP and SOS proteins. Pincus and co-workers
affirm that their peptides PCN-7 (35-47) and PCN-2 (96-110) block
interaction with Raf and have an anti-tumor effect on cell lines. They
also affirm that both peptides induce phenotypic reversion of the HT-
1080 cell line to non-transformed cells but cause tumor cell necrosis
on MIA-PaCa2 cell line. They speculate that PCN-2 might block
oncogenic Ras by inhibiting its interaction with JNK. PCN-7 could
block the interaction of oncogenic Ras with Raf [38,39]. They suggest
that both oncogenic and wild type Ras requires Raf activation, and
assume, without demonstration, that each Ras protein interacts with
Raf in different ways, resulting in differential activation of downstream
kinases. In addition, they also mention, again without experimental
demonstration, that their peptides block oncogenic Ras but have not
effect on intracellular wild type Ras.

Here, we present a similar chimeric peptide strategy with strong
differences. First, we used a proprietary CPP that has been specifically
designed to provide stability for in vivo application [12]. Second and
more important, the interfering domain of the bifunctional peptide
has been designed to specifically target the interaction between Ras
and Raf, contrary to the approach used by Pincus. With this direct
targeting, we should not affect other Ras or Raf functions, avoiding
possible undesired effects. Finally, we have made the proof of concept
in vivo using xenograft models of CLL-like and lymphoma and proving
the anti-tumoral effect of our peptides.

Despite the involvement of Ras in many types of cancers, there
is not clinical effective anti- cancer drugs targeting Ras, which has
been considered as “undrugable” target. However, recent studies have
identified novel surface packets that could accept small molecules
in both the active and inactive form. The discovery of these new Ras
inhibitors has been made on the bases of structural information.
In the development of Ras inhibitors, the first effort was made in
the generation of inhibitors of membrane targeting of Ras such as
inhibitors of geranylation, prenylation, farnesylation, myristoilation
or palmytoilacion used in monotherapy or in combination with other
cytotoxic agents [40-42]. Unfortunately, most of these inhibitors
showed no clinical efficacy, in addition to non-specific activities toward
other proteins that have the same post-translational modifications.

Efforts have also been made for blocking the activation of Ras.
Most of the identified molecules showed no specificity and no
selectivity, in addition to the problem that functional Ras wild type is
required in normal cells. Concerning the inhibition of the Ras effector
interactions, this is the most promising strategy. Several teams have
designed compounds that inhibit Ras/Raf binding. However, the lack
of evidence for cellular efficacy, low binding affinity, low specificity
and weak inhibitory effect may discourage their further optimization
(30,43-47].

We have previously used the strategy of using CPP associated to
interfering peptides to provide tools that might be useful for targeted
treatment of cancer both from efficacy and safety perspectives [10,11],
suggesting that Mut3DPT-Ras could also share these favourable
properties, as suggested by the results obtained using xenograft model
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of chronic lymphocytic leukemia and lymphoma. In both cases, the
peptide has shown a strong anti tumoral effect, without apparent
toxicity. Our data provide further confirmation that Mut3DPT-Ras
might be used as new agents for the therapy of CLL and lymphoma.

Materials and methods

Cell lines and reagents

H1975, H1299, H1650, HBEC wt, HBEC RasV12 and A549 are
human non-small cell lung cancer cell lines [48]. H1975, H1299 and
H1650 (NCI-60 collection) were cultured in RPMI 1640 supplemented
with 10% FBS. HBEC wt, HBEC RasV12 and A549 were cultured in
DMEM medium supplemented with 10% foetal bovin serum (FBS).
MDA-MB231 (ATCC) and HBCx-17 (cell line isolated from primary
breast cancer tumor in Dr Decaudin Laboratory, LIP) are breast cancer
cell lines and were cultured in DMEM supplemented with 10% FBS.
HCT116, HT29ans SW480 are colon cancer cell lines obtained from
the NCI60 collection from CNIO. They were cultured in DMEM
medium supplemented with 10% FBS. SW626 is an ovarian cancer
cell line that was maintained in DMEM supplemented with 10% FBS.
Human lymphoma cell line Daudi (ATCC CCL-213) and human
Chronic Lymphocytic Leukemia Jokl and Jok5.3 [23] were cultured
in RPMI supplemented with 10% FBS, L-glutamine and penicillin/
streptomycin. For characteristics of the cell lines, see (Table 1).

Raf protein was from Emzo Life Science. Anti-Ras and anti-
Raf antibodies were from Merck Millipore and Abcam respectively.
Secondary antibodies were from Dako. Peptides were synthesized by
GL Biochem, Shanghai, China. Clarity ECL was from Bio-Rad. MTT
viability assay kit was from Bio-Rad. Mice were purchased from Janvier.

Xenograft models were obtained by injection of two human
chronic lymphocytic leukemia cell lines. The human cell leukemia Jok1
(CD5, HLA-DR+, CD71+, CD20+) was stably transfected with pLNCX
vector carring human CD5 ¢cDNA. Subclone Jok5.3 stably expressing
human CD5+ was selected by limiting dilution and expanded in
vitro. The cells stably maintained CD5 expression as determined by
standard immunophenotyping and FACS analysis to similar level to
that observed in CLL [24]. We verified that Jok5.3 had the following
phenotype: CD5-, HLA-DR*, CD71*, CD20*. All cell lines were
cultured in RPMI 1640 supplemented with 10% fetal calf serum (FCS)
and 2 mM glutamine.

Peptides synthesis and sequences

Peptides were synthesized in an automated multiple peptide
synthesizer with solid phase procedure and standard Fmoc chemistry.
The purity and composition of the peptides were confirmed by reverse
phase HPLC and by mass spectrometry. The sequence of the peptide
Mut3DPT-Ras has been protected by a patent (EP13305945).

Raf-binding assays on cellulose-bound peptides containing
Ras sequences

Overlapping dodecapeptides scanning the complete human
K-Ras sequence were prepared by automated spot synthesis (Abimed,
Langerfeld, Germany) onto an amino-derived cellulose membrane,
as described [49,50]. The membrane was saturated using 3% non-fat
dry milk/3% BSA, incubated with purified Raf protein (4 ug/ml) and
after several washing steps, incubated with anti-Raf antibody, followed
by PO-conjugated secondary antibody (Dako). Positive spots were
visualized using the ECL system (Bio-Rad). Images were acquired
using the software Image Quant LAS 4000.
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Isolation of cell populations and culture

Fresh blood from healthy donors (HD) was obtained from
the Etablissement Frangais du Sang (EFS). Chronic lymphocytic
leukemia (CLL) patient samples were obtained from the Department
of Hematology after write consent of the patients. Peripheral blood
mononuclear cells (PBMC) from HD and CLL patients were prepared
by Ficoll gradient centrifugation. Cells were maintained in RPMI 1640
supplemented with 10% FCS, 1% non-essential amino acids, 1% Hepes,
1% sodium pyruvate and 1% glutamine.

Ficoll gradient

The proportion of Ficoll: blood we used was 1/3 Ficoll and 2/3
blood. Diluted blood in PBS (1:1). Carefully layer diluted blood over
Ficoll medium tube. The diluted blood is added to the gradient by
gently pipeting onto the separation medium with the tube held at an
angle. It is critical that a clear separation be kept between the dense
Ficoll medium and the blood layer before centrifugation. Centrifugate
at 2,200 rpm for 20 min without brake. Carefully remove the PBMC
layer from the tube and transfer to a new tube. Wash PBMC by adding
enough PBS. Centrifugate at 1,500 rpm for 5 min. Repeat the washing
step, decant the supernatant and resuspend cells in appropriate volume
of phosphate buffer saline (PBS).

Detection of apoptosis by Annexin-V-FITC staining on
primary cells

Human lymphocytes isolated from HD or CLL patient were stained
with anti-hCD19 antibody (APC fluorochrome from BD biosciences)
and early apoptotic events were determined using Annexin-V FITC
(eBiosciences) as described by the manufacturer. Briefly, cells were
washed in 1x binding buffer, centrifuged and resuspended in 100 ul
of 1x binding buffer containing Annexin-V FITC (0.1 pg/ml) and
propidium iodide (PI) (0.5 pg/ml). After incubation for 15 min, cells
were analyzed by flow cytometry. The protocol used for detection
of apoptosis in cell lines was the same, omitting the step of staining
with the anti-CD19 antibody. Data acquired by FACS Canto (BD
biosciences) were analyzed with Diva 60 software.

Cell viability assays

The cell viability was determined using a colorimetric assay based
on 3-(4,5-dimethylthiazol- 2-yl)-2,5 diphenyltetrazolium bromide
(MTT). Cells were seeded at appropriate concentration in 96-well
plates at day 0 and peptide was added to different concentrations at day
1. Cell viability was tested by MTT assay 72h after treatment followed
the manufacture’s protocol. Briefly, 15 pl of MTT (5 mg/ml dissolved
in PBS) were added to each well. After 4h incubation at 37°C, cell was
lysed with 100 ul of 10% SDS in 10 mM HCI. The absorbance at 540 and
620 nn were measured on an Infinite 200 spectrophotometer (Tecan).
We performed all experiments in triplicate and the results presented as
percentage of cell proliferation normalized to control condition.

Immunoprecipitation and Western blotting

Cells (1 x 107) were lysed for 20 min at 4°C in lysis buffer (50 mM
Tris (pH 8), 1% Nonidet P-40, 137 mM NaCl, 1 mM MgClz, 1 mM
CaCl,, 10% glycerol, and protease inhibitor mixture). Lysates (800 pg of
protein) were immunoprecipitated with the appropriate Ab overnight
at4°C, and protein A-Sepharose was added for 1 h at 4°C. After washing
with 1x TBST (20 mM Tris-HCI (pH 7.5), 150 mM NacCl, 0.05% Tween
20), immunoprecipitates were separated by SDS-PAGE, transferred to
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nitrocellulose, blocked (5% nonfat dry milk in TBST), and incubated
with the primary Ab in TBS-0.5% nonfat dry milk. The membrane
was washed and incubated with PO-conjugated secondary Ab. Protein
detection was performed using the ECL system. Images were acquired
using the software Image Quant LAS 4000.

Analysis of peptide stability in mouse serum

Mut3DPT-Ras (10 uM) was incubated at 37°C in 250 pl mouse
serum for different periods of time. Samples were collected and peptide
degradation stopped by freezing. Peptides were extracted from collected
samples using the ProteoMiner Protein Enrichment System (Bio- Rad).
Peptide integrity (percentage of intact peptide) was analyzed by mass
spectrometry using a MALDI-TOF (Briicker Autoflex II) following
their standard protocols. Every measurement was performed by
triplicate. MS data were analyzed using appropriate software (Clinprot
tools, Flex analysis, Briicker).

Protein-protein interaction competition

The Ras/Raf interaction was competed using the peptide
Mut3DPT-Ras (VKKKKIKAEIKI KMSKDGKKKKKKSKTKCVIM).
Lysates from MDA-MB231cells were immunoprecipitated with anti-
Ras or anti-Raf antibody, and protein A/G-Sepharose was added for
1h at 4°C. The Ras/Raf interaction was competed with 1.5 mM of the
peptide Mut3DPT-Ras for 30 min at room temperature. After several
washing steps, immunoprecipitates were transferred to nitrocellulose
and blotted with the corresponding Ab.

Animals

6-8 weeks old SCID CB-17 mice (female, 20-23g) and BALB/c
nude mice (male, 26-30g) were purchased (Elevage Janvier, Le Genest
Saint-Ile, France). All mice were maintained under conditions and
protocols in accordance with the Directive 2010/63/UE of the Council
of Europe on Animal Welfare. The studies (number authorization 1290
and 5089) were approved by the French Ethics Committee for animal
experimentation number 74 and all experiments were conducted
following the guidelines of the afore mentioned committee.

In vivo activity

To establish the xenograft lymphoma model, 10 x 10° Daudi cells
in 100 pL of PBS were subcutaneously injected into the flank of male
BALB/c nude mice. For CLL xenograft model, 2.5 x 10° Jok1 or Jok5.3
cells in 100 uL of PBS were injected into the tail vein of SCID mice. Mice
(6-16 mice per group) were then injected with saline or Mut3DPT-
Ras (5 mg/kg or 20 mg/kg) intraperitoneally (I.P.) at days 3 after cells
transplantation or when palpable tumors were apparent (mean 150-
200 mm’) for five consecutive days during four weeks. For intravenous
model, mice were monitored daily for the presence of hind-leg
paralysis and in that case sacrificed. For subcutaneous model, tumor
growth rate was recorded every 2-3 days by measuring the major and
minor axes of the tumors formed with a digital caliper. Measurements
were transformed into tumor volume using the formula: tumor volume
(mm?®) = major axis x minor axis? x 0.5.

Statistical analysis: For in vivo data, statistical comparisons
between groups were performed using Factorial analysis of variance
ANOVA. Normality and homogeneity were evaluated by Shapiro-Wilk
test and found the data valid.

Conclusion

In summary, the approach of cell penetrating and interfering
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peptides specifically directed against a Ras/Raf interaction is a
promising strategy for the development of anti-cancer therapeutic
agents. In this article, we have demostrated the proof of principle for
the use of the peptide Mut3DPT-Ras for the treatment of lymphoma
and CLL, giving a new look as a promising approach for anti-cancer
drug development.
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