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Potent anti-tumor effects of EGFR-targeted hybrid peptide
on mice bearing liver metastases
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Abstract In this study, we investigated the therapeutic

efficacy of EGFR2R-lytic hybrid peptide for the treatment of

liver metastasis from colon carcinoma. The cytotoxic

activity of the hybrid peptide against luciferase-expressing

human colon cancer (HCT-116-luc) cells was determined by

the WST-8 assay. The experimental mouse model of liver

metastases was generated by splenic injection of HCT-116-

luc cells. The hybrid peptide was intravenously injected into

mice the day after cell implantation at a dose of 5 mg/kg and

this was repeated on alternate days for a total of 7 doses.

Saline-treated mice were used as controls. Tumor growth

and therapeutic responses were monitored by an IVIS

imaging system. It was shown that the hybrid peptide

exhibited potent cytotoxic activity against HCT-116-luc

cells and the liver metastases were significantly reduced

after intravenous injections of hybrid peptide compared with

controls. Furthermore, Kaplan–Meier analysis showed that

hybrid peptide-treated mice had significantly longer survival

than controls. In addition, bright-field and ex vivo imaging

of liver tissue revealed that mice treated with the hybrid

peptide had significantly fewer tumors compared with con-

trols. These results demonstrated that the EGFR2R-lytic

hybrid peptide is a potential treatment option for patients

with colorectal cancer metastases in the liver.
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Abbreviations

EGFR Epidermal growth factor receptor

VEGF Vascular endothelial growth factor

PBS Phosphate buffered saline

Luc Luciferase

H&E Hematoxylin and eosin

AST Aspartate transaminase

ALT Alanine aminotransferase

LDH Lactate dehydrogenase

TKI Tyrosine kinase

Introduction

Colorectal cancer is one of the leading causes of cancer-

related deaths worldwide [1]. About 50 % of patients

develop metastatic disease and the liver is the most com-

mon site of distant metastasis from colorectal cancer [2].

Surgical resection is the only potentially curative treatment

option for patients with colorectal cancer metastases in the

liver [3]. Surgical treatment alone for large cancers and

those that have advanced into the deeper regions, still has a

high failure rate [4]. During the past decades, the devel-

opment of new cytotoxic drugs and regimens as well as

biological targeted agents like cetuximab, a monoclonal

antibody targeting the epidermal growth factor receptor

(EGFR), and bevacizumab, a monoclonal antibody
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targeting the vascular endothelial growth factor (VEGF),

has improved the survival outcome of patients with

advanced metastases [5]. These new targeted drugs expand

the therapeutic arsenal for colorectal cancer to a great

extent. However, the 5-year survival rates are still poor and

their cost is relatively higher than conventional

chemotherapy agents. Therefore, an effective therapy

against liver metastasis from colon carcinoma is required.

Peptides are promising anti-tumor agents that possess high

affinity and specificity, can be synthesized easily, and have a

low production cost [6, 7]. We previously designed and

synthesized a novel peptide that is chemically conjugated

between the targeted-binding and cell-killing peptide com-

ponents, and has cytotoxic and anti-tumor activities against

cancer cells both in vitro and in vivo [8–12]. EGFR2R-lytic

peptide is a hybrid peptide synthesized by the chemical

conjugation of the targeted-binding peptide to EGFR and the

cell-killing lytic peptide. It was previously suggested that the

EGFRbindingmoiety of the hybrid peptide specifically binds

to EGFR on the cell surface, and that, the lytic moiety of this

peptide penetrate to make a pore and disrupts the cell mem-

brane, leading to cell death regarding the mechanism of

action of this hybrid peptide to target cells [8, 9]. In vivo

analysis revealed that the EGFR2R-lytic hybrid peptide had

highly potent anti-tumor activity in the EGFR-expressing

human tumor xenograft model [9, 13]. EGFR is known to be

highly expressed in colorectal cancer and its expression has

been correlated with tumor invasion, progression, and

metastasis [14]. These observations prompted us to investi-

gate the ability of theEGFR2R-lytic hybridpeptide to prevent

liver metastases from colorectal cancer.

To evaluate the therapeutic effect of the EGFR2R-lytic

hybrid peptide against liver metastases from colorectal

cancer in vivo, we have developed an experimental mouse

model of liver metastases by splenic injection of luciferase

(luc)-expressing human colon carcinoma cell HCT-116-

luc, as described previously [15]. The hybrid peptide was

injected into the mice via the tail vein at a dose of 5 mg/kg

on alternate days for a total of 7 doses. Metastatic spread

and therapeutic responses were monitored by in vivo bio-

luminescent imaging using the IVIS imaging system. Fur-

thermore, the therapeutic effects of the hybrid peptide on

survival in these mice were assessed and histopathological

evaluations after the treatment were also performed.

Materials and Methods

Materials

The EGFR2R-lytic hybrid peptide was synthesized by the

American Peptide Company (Sunnyvale, CA, USA) as

described previously [9, 13]. D-luciferin potassium salt was

purchased from Wako Chemicals (Osaka, Japan). The

EGFR antibody was obtained from Cell Signaling Tech-

nology (Danvers, MA, USA). Other agents were mostly

from Nacalai Tesque (Kyoto, Japan). All agents were of

reagent-grade quality.

Cell culture

The human colon cancer cell line HCT-116 was purchased

from the European Collection of Cell Culture Collection

(ECACC, Salisbury, UK), and the luciferase- expressing cell

line HCT-116-CMVp-luc was obtained from the Japanese

Collection of Research Bioresources Cell Bank (JCRB,

Osaka, Japan). The human embryonic kidney HEK293 cell

line was purchased from the Health Science Research

Resources Bank (HSRRB, Osaka, Japan). Cells were cul-

tured in McCoy’s (HCT-116 and HCT-116-luc) or MEM

(HEK293) containing 10 % fetal bovine serum, 100 lg/mL

penicillin, and 100 lg/mL streptomycin at 37 �C in a

humidified atmosphere of 5 % CO2 and 95 % air.

Western blotting

Western blot analyses were carried out as described previ-

ously [16]. Briefly, protein extracts were prepared from cells

lysed with reporter lysis buffer (Promega, Madison, WL,

USA) separated by SDS-PAGE and transferred to nitrocel-

lulose filters using a semi-dry method. Quenched mem-

branes were probed with antibodies and analyzed using

Chemi-Lumi One Super (Nacalai Tesque, Kyoto, Japan)

reagent with an LAS-3000 LuminoImage analyzer (Fujifilm,

Tokyo, Japan).

Development of the human colorectal liver

metastasis model

Female 7-week old BALB/c nu/nu mice (body weight,

17–20 g) were purchased from SLC Japan (Shizuoka,

Japan) and maintained under specific pathogen-free condi-

tions. All animal experiments were approved by the Animal

Research Committee of Kyoto University and carried out in

accordance with its guidelines. The syngeneic mouse model

of human colorectal liver metastasis was developed by

injecting tumor cells into the spleen, as described previ-

ously [15]. In brief, the mice were anesthetized with an

intraperitoneal injection of sodium pentobarbital (50 mg/

kg), and a small incision was made in the left flank to reveal

the spleen. A total of 6 9 105 cells/100 lL of HCT-116-luc

cells were injected into the spleen using a 27-gauge needle.

Cotton swabs containing 75 % ethanol were firmly placed

on the spleen injection site to prevent intraperitoneal

seeding and metastasis. Three minutes after cell implanta-

tion, splenectomy was done, and the incision was sutured.
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Cytotoxic activity in vitro

Cancer and normal cells were treated with various con-

centrations of EGFR2R-lytic hybrid peptide for 48 h at

37 �C and cell viability was measured using the WST-8

assay, as described previously [8].

In vivo tumor growth inhibition assay

To assess the anti-tumor efficacy of the EGFR2R-lytic

hybrid peptide against liver metastases from colorectal

cancer, the hybrid peptide was injected via the tail vein at a

dose of 5 mg/kg on alternate days for a total of 7 times.

Control mice were injected with saline. The growth and

metastasis of the tumors were monitored by biolumines-

cence imaging using the IVIS imaging system. To visualize

the bioluminescence signal of tumor cells, mice were

injected intraperitoneally with 100 ll of 10 mg/ml D-lu-

ciferin potassium salt (dissolved in D-PBS) and the bio-

luminescence images were taken after 10 min.

Histopathological analysis

Mice were sacrificed 35 days after tumor cell implantation.

The liver tissues were collected, fixed in 4 % para-

formaldehyde, and embedded in paraffin. Sections were

stained with hematoxylin and eosin (H&E).

Statistical analysis

All values were expressed as mean ± SD. The Student’s

t test was used to determine whether differences between

the means of two groups were significant. Differences were

considered statistically significant at P\ 0.05. Survival

rates were assessed using the Kaplan–Meier method [17].

Results

EGFR protein expression levels and the cytotoxic

activity of the EGFR2R-lytic hybrid peptide

First, we investigated the expression levels of EGFR in

human colon cancer HCT-116 and luciferase-expressing

HCT-116-luc cells by western blot analysis. As shown in

Fig. 1a, HCT-116-luc cells showed moderate expression of

EGFR, and the expression levels were similar to that of non-

transfected cells HCT-116, which is consistent with previ-

ous reports [18, 19]. HEK293 cells expressing a low level of

EGFR were used as the negative control and b-actin was

used as the internal control. The relative protein expression

levels of EGFR are shown in Fig. 1b. We further investi-

gated the cytotoxic activity of the EGFR2R-lytic hybrid

peptide against HCT-116 and HCT-116-luc cells in vitro

using the WST-8 assay. HEK293, HCT-116, and HCT-116-

luc cells were seeded into a 96- well plate at a density of

3000 cells per well and treated with increasing concentra-

tions of EGFR2R-lytic hybrid peptide for 48 h. The results

are shown in Fig. 1c. EGFR2R-lytic hybrid peptide showed

potent cytotoxic activities against both HCT-116 and HCT-

116-luc cells in a concentration-dependent manner, and

there was no significant difference between the two cell

lines. HEK293 cells were used as control. The half maximal

inhibitory concentrations (IC50) were 12.7 ± 3.2 and

11.3 ± 1.2 lM for HCT-116 and HCT-116-luc cells,

respectively (Table 1). It was confirmed that both cell types

displayed similar sensitivities to the EGFR2R-lytic hybrid

peptide, and cytotoxic activity correlated with their

expression level of EGFR, which were the same. Taken

together, these results demonstrated that the EGFR2R-lytic

hybrid peptide has effective cytotoxic activity against

EGFR-expressing human colorectal cancer cells HCT-116-

luc in vitro.

Therapeutic effects of the EGFR2R-lytic hybrid

peptide on liver metastasis from colorectal cancer

in vivo

Next, to evaluate the therapeutic efficacy of the EGFR2R-

lytic hybrid peptide against liver metastasis in vivo, we

developed an experimental mouse model of liver metas-

tases by injecting HCT-116-luc cells into the spleen

(Fig. 2a). A total of 6 9 105 cells/100 lL of human HCT-

116-luc cells were surgically implanted into the spleen of

nude mice to induce intrasplenic tumor growth. Then, to

investigate the fate of tumor cells in the microcirculation

after implantation, bioluminescence signals of HCT-116-

luc cells were visualized following an intraperitoneal

injection of D-luciferin (50 mg/kg) and imaging was per-

formed using the IVIS imaging system. As shown in

Fig. 2b, strong bioluminescence signals were detected in

the liver of mice after tumor cell implantation, but signals

were not detected in other regions. It was confirmed that

the tumor cells injected into the spleen passed almost

immediately through the portal circulation into the liver

and can form colonies. The EGFR2R-lytic hybrid peptide

was intravenously injected the day after tumor cell

implantation (5 mg/kg on alternate days for a total of 7

doses) and the therapeutic responses in the liver metastasis

mouse model were monitored sequentially every 10 days.

Whole-body imaging is shown in Fig. 3. The mean relative

luminescence count in the liver of EGFR2R-lytic hybrid

peptide-treated mice was significantly lower than that of

saline-treated control mice at all time points. Moreover, the

bright field and ex vivo imaging showed that the mice

treated with the EGFR2R-lytic hybrid peptide had
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significantly fewer metastases and lower tumor burden

compared with saline-treated control mice 20 days after the

last treatment (Fig. 4a and b). The liver tissue from non-

tumor-bearing mice was used as the negative control.

Furthermore, the histological examination showed multi-

ple, hypercellular, solid tumor lesions in the liver of saline-

treated control mice, while small metastatic lesions were

detected in mice that were intravenously injected with the

EGFR2R-lytic hybrid peptide (Fig. 4c). None of the mice

died of hybrid peptide-induced toxicity and no other sig-

nificant adverse events were observed during the experi-

ments. These results indicated that the EGFR2R-lytic

hybrid peptide could potentially inhibit tumor growth and

metastasis in the mouse model of EGFR-expressing human

colon carcinoma in vivo.

Prolonged survival effects of the EGFR2R-lytic

hybrid peptide for the liver metastasis mouse model

in vivo

We further investigated the therapeutic effects of the

EGFR2R-lytic hybrid peptide on survival in the liver

metastasis mouse model using Kaplan–Meier analysis. As

shown in Fig. 5a, the mice treated with the EGFR2R-lytic

hybrid peptide exhibited a median survival of more than

100 days compared with 60 days in the saline-treated

control group. As shown above, we found that EGFR2R-

lytic hybrid peptide had cytotoxic activity on HCT-116-luc

cells and showed anti-tumor activity on human colon car-

cinoma xenografts. Based on these results, we speculated

that the EGFR2R-lytic hybrid peptide reduced the growth

of tumor cells, leading to prolonged survival of the tumor-

bearing mice. There were no significant differences

between saline- and EGFR2R-lytic hybrid peptide-treated

mice in body weight (Fig. 5b). These results demonstrated

that the EGFR2R-lytic hybrid peptide could significantly

prolong the survival of mice, without inducing toxicity.

It is known that metastatic liver cancer is the most

common fatal liver disease, and liver function tests

examining the levels of blood serum markers, liver

enzymes, and certain proteins are conducted to investigate

parameters that are linked to or affected by cancer. In this

study, biochemical and hematological analyses were per-

formed at 24 h or 20 days after the last treatment of

EGFR2R-lytic hybrid peptide. The biochemical and

hematological tests showed that the aspartate transaminase

(AST), alanine aminotransferase (ALT), and lactate dehy-

drogenase (LDH) were higher in both saline- and

EGFR2R-lytic hybrid peptide-treated mice with liver

metastases compared with the negative control, non-tumor-

bearing mice (Supplementary Table 1). AST, ALT, and

LDH were significantly higher in saline-treated control

mice than in EGFR2R-lytic hybrid peptide-treated mice at

both 24 h and 20 days after the last treatment of EGFR2R-

lytic hybrid peptide. It was previously reported that the
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Fig. 1 In vitro cytotoxic activity of the EGFR2R-lytic hybrid

peptide against EGFR-expressing cancer cells. a Western blot

analysis of the expression of EGFR protein in human colon cancer

HCT-116 and luciferase-expressing HCT-116-luc cells. HEK293 cells

were used as the negative control and b-actin was used as the internal

control. b Relative EGFR expression normalized to b-actin.

c Cytotoxic activities of the EGFR2R-lytic hybrid peptide against

HCT-116 and HTC-116-luc cells. The experiments were repeated

three times and similar results were obtained. Data are expressed as

percentages of the untreated control cells (100 % of control) and as

mean ± SD from triplicate determinations

Table 1 Cytotoxicity of EGFR2R-lytic hybrid peptide to normal and

human colon carcinoma cell lines

Cell lines HEK293 HCT-116 HCT-116-luc

IC50 (lM)* [26.5 12.7 ± 3.2 11.3 ± 1.2

* IC50, the concentration of peptide at which 50 % inhibition of cell

viability. Results are the mean of three independent experiments each

performed in triplicate
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AST and ALT levels were significantly higher in patients

with liver metastasis than in those without liver metastasis

[20]. In particular, LDH was increased in patients with

liver metastasis and correlated with the survival time of

colorectal cancer patients who had an increased risk of

liver metastasis [20]. Therefore, elevated AST, ALT, and

LDH indicate that HCT-116-luc colon cancer cells injected

into the spleen had spread to the liver and induced liver

damage, and these results demonstrate that the EGFR2R-

lytic hybrid peptide-treated mice had significantly less liver

damage than saline-treated control mice.

Discussion

We previously reported that the EGFR2R-lytic hybrid

peptide had cytotoxic activity toward cancer cells express-

ing EGFR and anti-tumor activity in subcutaneous MDA-

MB-231 breast cancer with K-ras mutation xenograft model

[9]. Here, we investigated whether the EGFR2R-lytic

hybrid peptide could prevent the outgrowth of liver

metastasis from human colon carcinoma. First, to develop

an optimal model of liver metastasis, we selected the HCT-

116 cell as the target cell model for evaluation of thera-

peutic efficacy of the EGFR2R-lytic hybrid peptide because

of their EGFR expression level and suitability for the

development of the liver metastasis model [21, 22]. The

HCT-116-luc cells that stably express firefly luciferase were

used in this study for monitoring tumor growth by the IVIS

imaging system.

Western blot analysis showed that the HCT-116-luc

cells expressed levels of EGFR that were almost the same

as that of non-transfected parental HCT-116 cells (Fig. 1a).

Additionally, the WST-8 assay showed that the EGFR2R-

lytic hybrid peptide had potent cytotoxic activities against

both HCT-116-luc and HCT-116 cells with IC50 values of

11.3 ± 1.2 and 12.7 ± 3.2 lM, respectively (Table 1).

There was no significant difference between the sensitivi-

ties of the two cell lines to the EGFR2R-lytic hybrid

peptide. These results confirmed that the HCT-116-luc cell
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Fig. 2 Development and confirmation of the model of liver

metastases from colorectal cancer. a Schematic representation of

the experimental protocol. A total of 6 9 105 cells/100 lL of HCT-

116-luc cells were injected into the spleen using a 27-gauge needle

and 3 min after cell implantation, splenectomy was done, and the

incision was sutured. b Bioluminescence imaging on day 1 post–

intrasplenic injection of HCT-116-luc cells. Mice were injected

intraperitoneally with 100 lL of 10 mg/mL D-luciferin potassium

salt, and 10 min afterwards, the bioluminescence images were taken

using the IVIS imaging system

Clin Exp Metastasis (2016) 33:87–95 91

123



was just as appropriate as parental HCT-116 cells for

developing the EGFR-expressing colorectal cancer model

and the EGFR2R-lytic hybrid peptide is capable of

inhibiting the growth of HCT-116-luc cells in vitro. In

contrast to the HCT-116-luc cells, HEK293 cells expressed

very low levels of EGFR, and exhibited much weaker

sensitivity to the EGFR2R-lytic hybrid peptide, which is

consistent with previous results [9].

The rate of metastasis formation presumably depends on

a large number of factors, including the type of primary

tumor cells, the number of tumor implants, and the cell

implantation route [23–26]. Among them, the implantation

route is closely related to death and metastatic distribution

of tumor cells in mice. Kryriazis et al. [23] reported that

human colorectal carcinoma cell lines injected into the

peritoneum of nude mice produced lung metastases,

whereas the same cells grown subcutaneously did not result

in metastases. In this study, the in vivo liver metastasis

mouse model was developed by intrasplenic injection of

6 9 105/100 lL HCT-116-luc cells followed by splenec-

tomy. Intrasplenic injection of tumor cells has long been

known as an effective method of developing liver metas-

tases in nude mice, whereas portal vein injection of tumor

cells can result in the rapid death of tumor cells [22, 27,

28]. Hoffman and co-workers [29–31] reported that

orthotopic implantation was a more faithful model of

clinically observed liver metastases. However, orthotopic

implantation results in varying degrees of metastasis

among the animals and involves a long experimental

duration of several months. In contrast, the model that was

established in this study by intrasplenic injection of HCT-

116-luc cells has a relatively high reproducibility and takes

only a short time to reach the experimental endpoint. On

the one hand, intrasplenic tumor cell injection results in
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Fig. 3 Therapeutic effect of the EGFR2R-lytic hybrid peptide in the

mouse model of liver metastases from colorectal cancer. a In vivo

living imaging. Mice were treated intravenously with or without

5 mg/kg EGFR2R-hybrid peptide from day 2 post—intrasplenic

injection of HCT116-luc cells for a total of seven doses. b Relative

bioluminescence intensity. Data are expressed as mean ± SD for 4–5

mice/group
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rapid colonization of tumor cells not only in the liver but

also in the spleen. The major tumor burden is within the

spleen, leading to shorter survival in mice (data not

shown). The higher tumor burden in the spleen also influ-

ences the anti-tumor activity of the EGFR2R-lytic hybrid

peptide against liver metastases. Hence, we carried out

splenectomy after intrasplenic injection of HCT-116-luc

tumor cells into nude mice in this study.

Bioluminescence imaging showed that even as soon as

one day after HCT-116-luc tumor cell injection followed
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Fig. 4 Therapeutic effect of the EGFR2R-lytic hybrid peptide on

liver tissues in the mouse model of liver metastases from colorectal

cancer on day 30 post–intrasplenic injection of HCT-116-luc cells.

a Bright-field imaging of metastatic lesions in liver tissues from non-

tumor-bearing mice (negative control, n = 2), and saline- and

EGFR2R-lytic hybrid peptide-treated mice (n = 3/group). The dotted

lines show the means of the number of metastasis-positive liver

tissues of each group. b Ex vivo imaging of excised liver tissues using

the IVIS imaging system. c Hematoxylin and eosin (H&E) staining of

liver sections from each treatment group. N normal, T tumor. Scale

bars 200 lm
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Fig. 5 Kaplan–Meier analysis of survival curves and body weights

of mice with liver metastases from colorectal cancer after treatment

with the EGFR2R-lytic hybrid peptide. a Survival curves. b Body

weights. Data are expressed as mean ± SD for 10 mice/group.

Student’s t test was used for analyzing the differences between the

two treatment groups. *P\ 0.05, compared with saline-treated group
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by splenectomy, a clear signal from the tumor cells was

detected in the liver (Fig. 2b). It was shown that the HCT-

116-luc cells injected into the spleen could migrate directly

into the liver through the portal circulation. However, the

bioluminescence signal intensity was much weaker at

10 days after tumor cell implantation than the initial signal

of bioluminescence cells within the livers at day 1. It is

possible that the unattached tumor cells undergo apoptosis,

and the attached tumor cells survive and begin to prolif-

erate and form metastasis. In vivo results showed that the

intravenously injected EGFR2R-lytic hybrid peptide sig-

nificantly inhibited the tumor growth of HCT-116-luc cells

and the development of metastases. We previously reported

that the 1 mg/kg EGFR2R-lytic hybrid peptide signifi-

cantly inhibit tumor growth in a subcutaneous tumor model

[9]. In this study, the EGFR2R-lytic hybrid peptide dose

was set at 5 mg/kg, given on alternate days for a total of 7

times. This treatment strategy may be more clinically

applicable than the GRGDS peptide, which is a pen-

tapeptide sequence that appears to be critical for cell

interaction with fibronectin and high doses (3 mg) of the

peptide are required to obtain a sufficient anti-metastatic

effect [32, 33]. The dose of the EGFR2R-lytic hybrid

peptide is relatively higher in comparison with other anti-

cancer drugs since it has a short circulatory half-life [13].

However, our previous results indicated that the EGFR2R-

lytic hybrid peptide at 5 mg/kg had no effect on total body

weight, and no abnormality was apparent on histological

examination of various tissues and hematological analysis

[13]. In addition, in this study, the levels of AST, ALT, and

LDH were significantly increased in saline-treated mice

that had liver metastases, while EGFR2R-lytic hybrid

peptide-treated groups of mice showed no significant dif-

ferences compared with non-tumor-bearing mice (Supple-

mentary Table 1), indicating that the EGFR2R-lytic hybrid

peptide dose at 5 mg/kg did not show any treatment–re-

lated abnormalities in terms of hematological and bio-

chemical parameters. We also determined the median

lethal dose of this hybrid peptide in healthy mice in vivo.

BALB/c mice were injected intravenously with a single

dose of EGFR2R-lytic hybrid peptide at 10, 15 and 20 mg/

kg, respectively. There was no lethal toxicity in the mice,

which were administrated with 10 mg/kg. Although, 2 of 5

mice, which were administrated with 15 mg/kg died, the

significant toxicity was not observed in the survived three

mice. Contrary, all five mice, which were administrated

with 20 mg/kg died after the injection. Thus, the lethal

dose in 50 % was estimated between 15 and 20 mg/kg

(Supplementary Table 2). Thus, based on previous studies

and the present results, it was demonstrated that the

EGFR2R-lytic hybrid peptide at 5 mg/kg is effective at

preventing tumor growth, without causing toxicity.

Furthermore, significant prolonged survival was

observed in mice with liver metastases from colorectal

cancer that had EGFR2R-lytic hybrid peptide treatment

(median survival after saline or EGFR2R-lytic hybrid

peptide treatment: 60 vs. [100 days, respectively;

P\ 0.05). The survival time of EGFR2R-lytic hybrid

peptide-treated mice with liver metastases from colorectal

cancer suggests that the EGFR2R-lytic hybrid peptide is

effective at preventing the formation of metastases,

resulting in not only inhibition of colony formation, but

also substantial prolongation of life-span.

Colorectal cancer has remarkably high metastaticity and

the liver is the most common site for metastasis of colorectal

cancer because the venous drainage of the colon is through

the portal vein, which goes directly to the liver [1–3]. The

prognosis of patients with liver metastases from colorectal

cancer is very poor. Also, the K-ras mutations detected in

colorectal cancer confer resistance to tyrosine kinase (TKI)-

targeted therapy [34, 35]. The HCT116 cells used in this

study is a K-ras mutant cell line and we previously reported

that the EGFR2R-lytic hybrid peptide had potent cytotoxic

and anti-tumor activities against TKI-resistant cancer cells

with K-ras mutations [8, 9]. The results of the current study

and previous reports, indicate that intravenous administra-

tion of EGFR2R-lytic hybrid peptide is able to significantly

reduce the formation of HCT-116 colon carcinoma–derived

metastases within the liver and prolong the survival of mice.

Thus, the EGFR2R-lytic hybrid peptide is a potentially

effective agent for the treatment of patients with liver

metastases from colorectal cancer.
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