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ABSTRACT 

Cationic peptide with the sequence INKKI 41-45 was isolated from bovine β-casein after tryptic hydrolysis and synthe-
tized. The aim of this work was to evaluate the antiproliferative activity in vitro and antitumor effect in animal model. 
The in vitro cytotoxicity was evaluated on B16F10 melanoma cells by MTT assay. Detection of apoptosis was meas-
ured using the annexin V/PI double staining and cell cycle analysis performed flow cytometry. Caspase-3 activity was 
analyzed with substrate specific fluorogenic DEVD-MCA. In vivo, antitumor activity was evaluated in B16F10 mela-
noma tumor-bearing C57BL/6J mice. The animals were treated with 55 mg/kg INKKI administered into peritumoral 
region, while control group received saline solution. The following antitumor parameters were examined: tumor volume, 
number of metastases, tumor delayed time, tumor doubling time. Histological analyses were performed with H & E 
staining. The results showed that INKKI induced dose-response cytotoxicity selective for B16F10 melanoma cells 
(IC50 1.7 µM) and did not present cytotoxic effects for FN1 fibroblast cells. INKKI-induced apoptosis detected trough 
of annexin V/PI assay and it was accompanied with an increase of sub-G1 apoptotic fractions and significant increase of 
caspase-3 cleavage. The tumor-bearing mice treated with INKKI showed a significant reduction in tumor volume of 
72.62% and decreased of metastasis number loci. In addition, INKKI caused a significant delay in tumor growth and 
prolonged the tumor doubling time. Histological analysis revealed an increased of necrosis areas and reduction of tumor 
cells in tumor treated with INKKI, it was a many hallmark of its antitumor effects observed from in vivo experiments. 
In conclusion, we show that INKKI is a peptide that could be considered a new putative candidate development to anti-
cancer therapy drug. 
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1. Introduction 

Cancer is a leading cause of mortality worldwide, repre- 
senting about one-eighth of all deaths. Its incidence is 
strongly affected by demographic aspects such as aging 
of the population, feeding habits, etc., and, especially, 
ambient factors such as UV incidence. Furthermore, can- 
cer has also emerged as a major public health problem in 
developing countries. The World Health Organization es- 
timated that the number of new cases of cancer will con-
tinue rising and by 2030 death rates will reach 11 million 
deaths per year [1,2]. Melanoma is a low incidence can-
cer and, although representing only 4% of all derma-
tologic cancers, it is very aggressive with a bad prognosis 
in the metastatic stage and is responsible for 80% of total 
skin cancer deaths [2]. The discovery of new anticancer 

agents can provide better alternatives to existing treat- 
ments against tumors. Although much progress has been 
described in the development of cancer therapies in re- 
cent decades, problems continue to arise particularly with 
respect to chemotherapy due to tumor resistance and low 
specificity, requiring the search and development new 
more specific drugs [3,4]. 

Cationic peptides have been studied recently as poten- 
tial anticancer agents or templates. They have the ability 
to selectively permeabilize biological membranes of tu- 
mor cells, probably due to an interaction with the nega- 
tively charged tumor cell surface [5]. The peptides called 
β-casochemotide-1 have been reported as having high an- 
titumor activity. One of these peptides obtained from β- 
bovine casein, showed a potent chemotactic activity in 
macrophages and monocytes [6]. The inhibition of tumor 
growth by milk proteins and the peptides resulting from 
their hydrolysis is associated with the stimulation of the 
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immune system, such as T lymphocyte proliferation, in- 
crease in natural killer cell (NK) activities, and expansion 
of the population of cytotoxic T lymphocytes [7]. 

Other peptides also play antitumor activity, such as α- 
Lactalbumin. A structural derivative of α-lactalbumin pos-
sesses anti-tumor properties and is called human α-Lac-
talbumin Made Lethal to Tumor Cell (HAMLET) [8-11]. 
Since the first description of HAMLET’s tumor-selective 
apoptotic activities, two clinical trials have been success- 
fully carried out. HAMLET was showed to be active against 
skin papillomas and bladder cancer, whereas no side ef-
fects to adjacent healthy tissue could be observed [12- 
16]. 

In a recent study, we hydrolyzed β-casein with trypsin 
and isolated the peptide INKKI corresponding to residues 
41 - 45 of the protein. We showed that this peptide pre- 
sents in vitro immunomodulatory activity such as an in- 
crease of the release of H2O2 and phagocytic capacity of 
mice resident macrophages [17,18]. Other authors have 
shown that the fragment 1 - 28 of bovine β-casein also 
exhibits enhanced proliferation and IL-6 expression by 
mouse CD19+ cells [19]. 

Based on the recent reports on the antitumor activity of 
cationic peptides, the aim of the present study was to e- 
valuate antitumor effects of INKKI, derived from the 
bovine β-casein, on melanoma model. 

2. Materials and Methods 

2.1. INKKI Peptide 

The peptide INKKI was previously isolated from bovine 
β-casein by HPLC. The sequences were confirmed by 
amino acid analysis and also by mass spectrometry on a 
triple quadrupole Micromass mass spectrometer, model 
Quatro II (Micromass, Milford, MA, USA). After pri- 
mary sequence determination, the peptides were synthe- 
sized by solid phase peptide synthesis and sequenced 
using Edman degradation. The natural and synthetic pep- 
tides were compared by MALDI-TOF. The synthetic pep- 
tides were chemically and biologically identical as de-
scribed in previous works [17,18]. The hydrophobic/hy- 
drophilic balance of INKKI was also calculated consi- 
dering neutral and ionized forms. The n-octacnol/water 
partition coefficients, ClogP (neutral) and ClogD (ioniza- 
tion), which expressed this kind of nonpolar/polar equi- 
librium, were calculated employing the Marvin-Calcu- 
lator Plugins software available from 
http://www.chemaxon.com [19-21]. 

2.2. Cell Culture 

The B16F10 (murine malignant melanoma ATCC® CRL- 
6475) cells were obtained from the American Type Cul- 
ture Collection (Mannasa, VA, USA). FN1 (normal hu- 

man fibroblasts) cells were obtained from the laboratory 
of Biochemistry and Biophysics (Butantan Institute, SP, 
Brazil). All cells were cultured in RPMI-1640 medium 
(GIBCO) supplemented with 10% fetal bovine serum 
(FBS), 100 µg/ml L-glutamine, 100 U/ml penicillin and 
100 µg/ml streptomycin in culture flasks at 37˚C in a 
humid atmosphere containing 5% CO2. 

2.3. Measurement of Cytotoxicity Activity 

The cytotoxicity study was performed when cell growth 
reached 80% - 90% confluence. The cells were then seed- 
ed into 96 well plates at a density of 1 × 104 cells/well. 
Briefly, B16F10 and FN1 cells were plated in triplicate 
and incubated overnight at 37˚C in a humidified incuba-
tor containing 5% CO2. After this, the cells were treated 
with concentrations of 20 µM to 0.03 µM INKKI. After 
24 h of treatment, cells were exposed to 5 mg/ml MTT 
for 2 h and the precipitated formazan was dissolved in 
0.1 N HCl in isopropanol. The IC50 values were deter-
mined and measured at 540 nm on a microplate reader 
Thermo Plate (Rayto Life and Analytival Sciences C. Ltd, 
Germany). 

2.4. Detection of Apoptotic Cells 

The proportion of apoptotic cells was estimated by dou- 
ble staining with Annexin V-fluorescein isothiocyanate 
(FITC) (Boehringer-Mannheim GmbH, Mannheim, Ger- 
many) and propidium iodide-(PI) (Sigma-Aldrich, St Louis, 
MO, USA). B16F10 cells at a concentration of 1 × 106 
cells were treated for 24 h with 1.7 µM INKKI and un-
treated cells were considered as control. After this period 
the cells were stained with 4 µg/ml Annexin V and 18 
µg/ml PI for 1 h at 37˚C. Stained cells were analyzed by 
flow cytometry in a FACSCalibur (Becton Dickinson Im- 
munocytometry, San Jose, CA, USA), and the data were 
analyzed with the software WinMDI 2.6 (Scripps Insti-
tute, La Jolla, CA, USA). 

2.5. Evaluation of Caspase 3 Activity 

Aliquots of 100 μl (1 × 106) of the B16F10 cells were 
treated with 1.7 µM INKKI and untreated cell were con-
sidered as control. Cells were washed 3 times with Krebs 
Ringer (124 mM NaCl, 4 mM KCl, MgSO4 1.2 mM Na- 
Hepes 25 mM glucose and 12 mM CaCl2 1 mM, pH 7.4). 
The samples were lysed in PBS (Na2HPO4 0.0004 mg/ml, 
NaCl 0.008 mg/ml, KCl 0.0002 mg/ml, pH 7.4) with triton 
X-100 0.2% for the test with the fluorogenic substrate 
DEVD-MCA (Peptide Institute), specific for caspase-3. 
The kinetics of hydrolysis of the substrate was monitored 
in a microplate fluorometer, with excitation at 370 nm 
and emission at 460 nm. The results are expressed in 
v/max of substrate hydrolyzed per minute. 
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2.6. Cell Cycle Analysis 

B16F10 cells previously treated with 1.7 µM INKKI and 
untreated cells, considered as control, were harvested, 
washed with PBS and resuspended in 300 µl of trypsin 
0.03 g/l, 10 mM Tris (pH 8.0). After 15 min of incuba- 
tion at room temperature, the neutralization solution (trip- 
sin inhibitor 0.5 g/l, RNase A 0.1 g/l and spermine 1.2 g/l) 
was added and incubation continued for 15 min. Pelleted 
cells were resuspended in 0.3 ml PBS and fixed by addi-
tion of ice-cold ethanol (70%). Prior to analysis, cells 
were incubated with 18 mg/ml propidium iodide solu-
tion and incubated in the dark for 30 min. Flow cy-
tometry analysis was performed on a FACScan flow 
cytometry system (Scalibur-Becton Dickinson, San Jose, 
CA). The DNA content in the cell cycle phases (G0/G1, 
S and G2/M) was analyzed by the Cell-Quest software 
and by the Modfit software cell (Becton, Dickinson, NJ, 
USA). 

2.7. Inoculation of Mice with B16F10 Melanoma 
Cells 

The B16F10 cells were maintained according to protocol 
of the cell culture. Adherent cells were detached from 
plates with 0.1% trypsin and 0.2% EDTA. After trypsin 
inactivation with 10% FBS, viable cells were counted 
based on trypan blue dye exclusion method. For the in 
vivo experiments 5 × 104 cells suspended in 100 μl of 
PBS were injected subcutaneously (s.c) in the flanks of 
C57BL/6J mice. 

2.8. Antitumor Activity 

Mice previously were inoculated with B16F10 melanoma 
cells as described above. 24 h after tumor implantation, 
the animals were randomized and divided into different 
groups (n = 5). Animals were treated with administration 
into the peritumoral region of 55 mg/kg INKKI and sa- 
line for the control group, the treatment continued for 21 
days. The tumor sizes were measured three times a week 
using a caliper-like instrument during the experiment, and 
converted to tumor weight by the equation: tumor weight 
= (length2 × width)/2. We also evaluated the tumor growth 
delayed and tumor doubling time. 

All experiments were performed according to institu- 
tional ethics commission guidelines concerning the pro- 
tection of animals used for experimentation and based no 
the current international procedure rules in animal care 
and handling (protocol number 349/06 CEUAIBU). 

2.9. Histological Analysis 

Tumor tissue of the mice previously treated with 1.7 µM 
INKKI and saline solution mice, considered as control 
were fixed in 10% buffered formalin and routinely pro- 

cessed for paraffin embedding. Sections of 5 µm were 
obtained and stained with Hematoxylin-Eosin. 

2.10. Statistical Analysis 

The results were expressed as the mean value ± standard 
deviation (SD). Statistics analysis was carried out with 
Student’s t test and analysis of variance (ANOVA) using 
the Instat, version 2.0, program, with the level of signifi- 
cance set at *p  0.05, **p  0.01 and ***p  0.001. 

3. Results 

3.1. Biochemical Characteristics of INKKI 

INNKI corresponds to residues 41 - 45 of the bovine 
β-casein sequence, and presents a non-polar isoleucine 
residue at each extremity, which can be visualized by a 
green to blue color on the molecular surface. The two 
lysine residues confer positive net charge to the peptide. 
Asparagine and two lysine residues are responsible for 
the most hydrophilic feature of this peptide (intense blue 
regions on surface (Figure 1), and the negative values 
obtained for ClogP (–1.77) and ClogD (–4.36) corrobo-
rate this finding. 

3.2. INKKI Induces a Citotoxic Effect on B16F10 
Cells 

The first step in order to evaluate a potential antitumor 
activity of the peptide was to perform an MTT assay. 
INKKI had no effect on the viability of FN1 cells. On the 
other hand, after 24 h of treatment, INKKI exhibited a 
potent activity against B16F10 cells (IC50 1.7 µM). 
These results suggest a preferential activity of INKKI on 
tumor cells (Figures 2(a)-(b)). 
 

 

Figure 1. Computer generated structure of INKKI peptide 
representing the calculated charge distribution (hidrophi- 
licity/lipophilicity) using the ClogP/ClogD—calculator me- 
thods Marvin the free software available from http://www. 
chemaxon.com. The ClogP (n-octacnol/water partition coef-
ficients) lipophilicity expressed and ClogD considering ioni-
zation of the molecule. The red surface is least hydrophilic 
and blue is the most hydrophilic. 
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Figure 2. MTT assay showing cell viability of B16F10 and 
FN1 cells in response to INKKI. Cells were exposed to 
various concentrations of the peptide, for 24 h. (a) Mor- 
phological changes of B16F10 were observed under the in- 
verted phase-contrast microscope (magnification, ×200); (b) 
Each point represents the mean of four determinations. Cell 
viability was assessed with the activity of untreated cells 
taken as 100%. Data are the mean ± S.D. of three different 
experiments performed in triplicate. 

3.3. INKKI Induces Caspase-3 Mediated 
Apoptosis in B16F10 Cells 

The fact that most cells were in the sub-G1 peak indicat- 
ed that they were dying. To verify if the cells were under-
going an apoptotic process, we used annexin V. The cells 
were stained with two cell markers, annexin V, to meas-
ure phosphatidylserine translocation to the extra-cellular 
leaflets (early apoptosis), and PI to measure the loss of 
phospholipid membrane integrity (late apoptosis/necrosis). 
The treatment of the B16F10 murine malignant mela-
noma cells with INKKI at 1.7 µM concentration resulted 
in an 82.82% ± 8.56 increase of apoptotic cells as com-
pared with the control (3.99% ± 1.2 apoptotic cells) (Fig-
ure 3(a)). These data suggest that INKKI is highly effec-
tive in controlling tumor progression by apoptosis (Fig-
ure 3(b)). To confirm the annexin V assay, we performed 
a fluorometric analysis that showed that INKKI induces 
apoptosis probably mediated by the increase of caspase-3 
activity (Figure 3(c)). 

3.4. INKKI Inhibits Cell Proliferation by 
Decreasing the Number of Cells in the G2/M 
Phase 

We then analyzed the effect of the peptides on the cell 
cycle. After 12 h of treatment with INKKI at 1.7 µM, 
showed a significant (***p < 0.001) increase in the me- 
dian percentage of apoptotic cells as evidenced by the 
sub-G1 peak, as compared to the untreated cells. In addi- 
tion, the proportion of cells in G2/M phases decreased. 
These data suggest that INKKI mediate antiproliferative 
and proapoptotic effects on B16F10 cells (Figure 3(d)). 

3.5. INKKI Inhibits Metastasis and Decreases 
Tumor Volume 

All previous results were obtained in vitro. To evaluate 
the in vivo effect, the peptide was injected in the peritu-
moral region of mice bearing B16-F10 melanoma cells. 
INKKI reduced significantly (78.8%) the tumor volume 
as compared to the control animals (Figures 4(a)-(b)). 
Histological analysis revealed an increase of necrosis 
areas and reduction of tumor cells in tumor treated with 
INKKI, it was a many hallmark of its antitumor effects 
observed from in vivo experiments (Figure 4(c)). The 
mice treated with 55 mg/kg of INKKI presented inhibi-
tion of total metastasis (72.62% ± 3.7%) in comparison 
with the control group (Figure 5(a)). Mice treated only with 
saline showed increased metastasis (average of 84.5% ± 
5.2%), located mainly in the lung, lymph node and spleen 
(Figure 5(b)). In addition, the tumor volume measure-
ments allowed calculate the tumor growth delay and tu-
mor doubling time. In agreement with the reduction of 
tumor volume, the treatment with INKKI caused an in-
crease of the tumor doubling time and tumor growth de-
lay, i.e., the time for the tumor to reach at 1 cm3 (Figures 
5(c)-(d)). 

4. Discussion 

Recent research aiming the development of new antican- 
cer agents focused mainly in the utilization of peptides 
presenting antitumor effects have been published with 
encouraging results [5-7]. It is known that a variety of 
peptides show a selective cytotoxic activity against tumor 
cells [22-24]. Among them, bioactive peptides hydroly- 
tically originated from proteins, known as cryptides, are 
especially promising [25,26]. We have previously report- 
ed that peptides obtained by the hydrolysis of casein 
present a number of different activities in various biologi-
cal systems. However, the precise mechanisms of cyto-
toxic effects remain unclear [7]. Here we investigated the 
effects of INKKI, from hydrolyzed β-casein, on the B16 
F10 tumor cell model. 

The data from the initial MTT experiment showed, in- 
terestingly, that INKKI presented a selective cytotoxic 
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Figure 3. INNKI mediated cell death in B16F10 cells. (a) Dot plots representative of apoptotic effects of INKKI with annexin 
V/PI staining by flow cytometry; (b) Quantification of the data presented in dot plots for cells undergoing apoptosis; (c) Cas- 
pase-3 activity was measured after 6 h of exposure to the peptide, by cleavage of the fluorescent peptide substrate 
DEVD-MCA; (d) Propidium iodide staining followed of analysis of DNA content by flow cytometry on the Becton Dickinson 
FACScan. Data are the means ± S.D. of three different experiments performed in duplicate. **p < 0.01 and ***p < 0.001; 
statistically significant. 
 

 

 

Figure 5. After the treatment, the mice were sacrificed and 
the global incidence and average number of metastases per 
organ were counted. (a) INKKI reduced the number of me-
tastatic foci as compared with the control animals; (b) The 
treatment with 55 mg/kg INKKI reduced the average num-
ber of metastases per organ; (c) The treatment with INKKI 
caused an increase of the tumor growth delay; (d) Addi-
tionally INKKI presented a significant increase in tumor 
doubling time. All values are expressed as averages ± S.D. 
of multiple determinations. **p < 0.01 and ***p < 0.001 
compared with untreated statistically significant. 

Figure 4. Peptide effects on tumor volume in mice bear-
ing-melanoma B16F10 melanoma. Twelve days after tumor 
implantation, the mice C57BL/6J (n = 5) were treated daily 
in the peri-tumoral region with 55 mg/kg INKKI for fifteen 
days. (a) The size of tumors was then measured in alternate 
days for 21 days, using three dimensional measurements 
(length2 × width)/2; (b) The control animals showed an 
increase of the tumor mass, whereas animals treated with 
55 mg/kg INKKI presented inhibition of tumor growth; (c) 
Representative photomicrographs of tumor sections stained 
with hematoxylin-eosin (magnification, ×200). The control 
showed large density of tumor cells while animals treated 
with 55 mg/kg INKKI presented an increase of the necrotic 
area and consequently reducing the density of tumor cells. 

 
activity in B16F10 cells, while no effect was observed in 
normal fibroblast. We hypothesized that the cationic pro- 
perties of INKKI might increase its binding to the tumor 
cells surface, increasing its selectivity. The hypothesis is 
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supported by the fact that tumor cell membranes present 
several alterations, such as glycoproteins and glycolipids 
as well as an increase in sialylation. These changes make 
the cell surface more negative, increasing the affinity for 
positive peptides. These modifications can give to the cell 
tumor membrane a negative charge, which enhanced the 
binding of cationic peptide [27-31]. 

In order to better understand the cytotoxic effects of 
INKKI, we investigated the possibility of an apoptotic me- 
chanism. INKKI was able to induce apoptosis in B16F10 
cells in a caspase-dependent manner as revealed by the 
fluorometric assay with the cleavage of the specific sub-
strate DECD-MCA. These data show that INKKI induces 
apoptosis and suggest that it occurs through the mitochon-
drial pathway, since caspace-3 is a cysteine protease in-
volved in apoptosis, inducing the cleavage of substrates 
such as cytoskeleton proteins, leading to the typical mor-
phological changes of apoptosis. INKKI presents 60% 
homology and similar biochemical characteristics to Mas- 
toparan, a pro-apoptotic 14 amino-acid amphipathic pep-
tide. In a recent study [32,33], Mastoparan has been shown 
to induce mitochondrial permeability transition and apo- 
ptosis in tumor cells, comparable to our results with INKKI 
[34,35]. 

Based on our in vitro experiments, we tested INKKI in 
a well-characterized in vivo model of melanoma to eva- 
luate the therapeutic potential of this peptide. The treat- 
ment of tumor-bearing mice with INKKI induced an in- 
hibition of tumor growth. An essential part in melanoma 
therapeutics is the ability to eliminate metastasis, im- 
proving the quality of life of the patients [31]. Our inves- 
tigation confirms that INKKI reduces the spreading of 
nodules in several organs such as the liver parenchyma 
and satellite lymph nodes. These results suggest that the 
peptide has anti-metastatic activity. Nonetheless, further 
studies are required to define the pathway for its action 
mechanism. Of interest, the inhibitory effect of INKKI 
on tumor growth delay (Figure 4(d)) is more effective 
(33 days) when compared to the control (20 days). Ac- 
cordingly, tumor doubling time was significantly in-
creased by INKKI. In addition, the histological analysis 
that INKKI reduced the tumor cell density in the tu-
moral micro-environment. An extensive necrotic area 
replaced the dead cells. These results are critically im-
portant, due to the antitumor effectiveness of INKKI, 
since it mimics clinical conditions of an eventual future 
clinical trial. In conclusion, our results demonstrate that 
the peptide INKKI, corresponding to β-casein residues 
41 - 45, showed besides an in vitro effect on B16F10 
cells with a cytotoxic effect showed also a significant 
effect to produce antitumor effects in vivo. The present 
investigation suggests an effective biological use for this 
casein derived peptide to develop new putative agents for 
the fight against cancer. 
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