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owadays, when the human lifespan has 
considerably extended as compared with the 
previous centuries, cancer diseases are becoming 
one of the main mortality factors in the adult 

population cohort. The same is the situation in Russia, 
where cancer kills annually 186 men and 94 women per 
100 000 population.

According to the World Health Organization, by 2020 
cancer will have topped the world list of diagnosed diseases, 
leaving cardiovascular diseases behind. By 2030, the num-
ber of new diagnosed cancer cases may reach 27 million and 
the total number of cancer patients, 75 million people.

Currently, there are three approaches to treating cancer 
diseases: surgical intervention, chemotherapy, and radio-
therapy. Unfortunately, these methods have considerable 

shortcomings. In the case of a surgically removed malignant 
tumor, a part or even the whole organ is lost. As for chemo- 
and radiotherapies, they are nonspecific and destroy not 
only damaged cells, but also healthy and active ones, which 
may cause most severe consequences for all the body. Thus, 
chemotherapy of a metastasizing cancer, when drugs with 
high antitumor activity are used, almost does not increase 
the lifespan of patients (Souhami and Tobias, 2009).

But the most important drawback is that very often these 
methods are not sufficiently effective, and metastatic tumor 
growth remains the main cause of death. That is why the 
most topical problem in this area is to design drugs that 
would destroy only the tumor cells, without damaging the 
healthy ones. The creation of such tools for cancer therapy 
requires fundamentally new approaches based on state-of-
the-art knowledge about “the life and death” of the cells 
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The current scale of cancer diseases resembles an 

epidemic: annually, over seven million people worldwide 

die of malignant tumors and about ten million new cancer 

cases are diagnosed. Although many cancer types 

are successfully treated, the consequences of such a 

treatment are frequently no less injurious than the illness 

itself. It is no wonder that researchers are constantly 

searching for and designing new, more efficient, and, 

which is of the paramount importance, safer therapies 

and drugs. Note here that the substances displaying an 

anticancer activity are detectable in most unlikely places 

such as breast milk…
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BREAST MILK: 
Th e Source of Potential 

ANTICANCER DRUG
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A research team of the Institute of Chemical Biology and Fundamental Medicine, Siberian Branch, 

Russian Academy of Sciences (Novosibirsk, Russia) discovered a new protein with apoptotic 

properties in breast milk; the protein was named lactaptin. The peptide with a molecular weight 

of 8.6 kDa contains 74 amino acid residues and is a fragment of the human milk kappa-casein. 

Several analogs of this peptide, including the RL2 protein, have been genetically engineered based 

on Escherichia coli

RL2 protein, a genetically engineered 

analog of lactaptin, has almost 

no cytotoxic effect on the healthy 

cells of breast epithelium but 

initiates apoptosis of the damaged 

cells once a pathological process 

develops. In the case of benign 

fibroadenomatosis, this protein 

considerably decreases the survival 

rate of pathological cells and halves 

the survival rate of cancer cells in 

adenocarcinoma, a malignant tumor

The apoptotic properties of RL2 protein have been tested 

in the laboratory mice with malignant HA-1 hepatoma 

subcutaneously inoculated in the shoulder area. 

On day 15 after tumor inoculation, the tumor volume in 

the animals without treatment was no less than 10 mm3 

(a). As for the animals injected with RL2 daily (b), 

the tumor growth was noticeably suppressed 

in a dose-dependent manner (right)

Apoptosis means “falling of leaves” in Ancient Greek. 
This figure of speech perfectly reflects the essence of 
this phenomenon: the multicellular organism gets rid of 
unwanted or flawed cells. In mammals, apoptosis plays 
an important part in maintaining the cell number and 
functionality in individual organs and tissues in both health 
and disease. In particular, approximately 50 to 70 billion 
cells die daily via apoptosis in an adult human body; this 
natural loss is refilled by the division of other cells in the 
body.
Apoptosis, a “civilized” cell death, should be distinguished 
from necrosis, an accidental cell death caused by external 
factors. In the process of programmed cell death, the cell 
itself “down-regulates” its activity; after its death the cell 
content is utilized by other cells. In the case of necrosis, an 
inflammatory process develops and the body is poisoned by 
cell decay products. The drugs used in cancer chemotherapy 
cause necrosis of tumor cells as well as of other cells
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whose malignant transformation induces the growth of a 
primary tumor and its metastasizing.

From this standpoint, the ability to selectively induce the 
so-called apoptosis, the natural process of cell “suicide,” in 
cancer cells is an alluring prospect.

Several anticancer drugs capable of selectively induc-
ing apoptosis in malignant tumor cells have already been 
designed and are used in clinical practice. Most of these 
drugs are based on a proinflammatory cytokine, human 
tumor necrosis factor-α, and its analogs. Unfortunately, the 
drugs involving these immune proteins also have serious 
side effects, which limits their employment. 

Recent experimental data suggest that certain substances 
contained in breast milk are able to stimulate selective 
apoptosis. For example, it appears that one of the milk 
proteins, α-lactalbumin, in combination with fatty acids 
induces apoptosis of mammalian cancer and embryonic 
cells in cell culture without any cytotoxic effect on healthy 
differentiated cells (Hakansson et al., 1995; Reed, 2003).

Human milk also contains cytokines that stimulate apop-
tosis, although not in an active state (Svensson et al., 2000; 
Srivastava et al., 1996). The fact is that apoptotic death of 
the cells secreting milk is part of a regular morphological 
rearrangement in the mammary gland after lactation stops. 
This process is influenced by exclusively local stimuli, 
since the factors able to suppress milk secretion and induce 

apoptosis of mammary cells accumulate or are activated 
directly in breast milk (Buescher et al., 1998).

These data allowed the researchers to regard breast milk 
as a source for creating strictly selective, efficient, and safe 
tools for cancer therapy.
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A team from the Institute of Chemical Biology and Fun-
damental Medicine, Siberian Branch, Russian Academy of 
Sciences (Novosibirsk, Russia) discovered a peptide in the 
human milk plasma that induced apoptosis of the cells of 
human breast adenocarcinoma (MCF-7), a standard tumor 
cell culture. Further studies have demonstrated that this 
peptide of 74 amino acid residues is a fragment of kappa-
casein, one of the main human milk proteins.

The new protein got the name of lactaptin, which re-
flects both its origin and apoptotic properties. Genetic 
engineering methods led to the creation of several lactaptin 
structural analogs; then the most efficient analog useful for 
further work was selected. This peptide was named RL2.

Various human cell lines have displayed different sensi-
tivity to the cytotoxic effect of recombinant lactaptin. Note 
that human adenocarcinoma cells appeared to be the most 
sensitive, whereas undifferentiated stem cells isolated from 
the bone marrow almost did not respond to RL2.

Interestingly, the recombinant lactaptin, despite its 
“human” origin, is also able to induce apoptosis in some 
oncotransformed mouse cell lines. In the experiments with 
laboratory mice, RL2 application successfully prolonged 

How does lactaptin act? Both markers of the receptor-
dependent apoptotic pathway (for example, caspase-8) 
and an enzyme characteristic of the mitochondrial path-
way (caspase-9) have been detected in the apoptotic cells 
treated with lactaptin. It has also been shown that lactaptin 
can efficiently enter the cell where it binds to cytoskel-
etal proteins, releasing special intracellular factors. This 
ultimately interferes with the integrity of mitochondrial 
membranes.

The antitumor drug RL2, a genetically engineered analog 
of the human milk protein lactaptin, elaborated by Russian 
researchers, is now at the stage of preclinical trials. 

References
Souhami R., Tobias J. S. Cancer and its Management. Wiley-

Blackwell, 2008. 
Nekipelaya V. V., Semenov D. V., Potapenko M. O., et al. 

 Lactaptin is a human milk protein inducing apoptosis of MCF-7 
adenocarcinoma cells // Doklady Biochemistry and Biophysics, 
2008. Vol. 419, Issue 1. P. 58—61.

Fomin A. S., Koval O. A., Semenov D. V., et al. Analysis of bio-
chemical markers of MCF-7 cell apoptosis induced by a recom-
binant analogue of lactaptin // Russian Journal of Bioorganic 
Chemistry. 2012. Vol. 38, Issue 1. P. 77–82. 

Koval O. A. Fomin A. S., Kaledin V. I., et al. A novel pro-
 apop totic effector lactaptin  inhibits  tumor growth in mice models 
// Biochimie. 2012. Vol. 94, Issue 12. P. 2467—74. 

Semenov D. V., Fomin A. S., Kuligina E. V., et al. Recombinant 
analogs of a novel milk pro-apoptotic peptide, lactaptin, and 
their effect on cultured human cells // Protein J. 2010. Vol. 29, 
Issue 3. P. 174—180.

the lifespan of the animals inoculated with the mouse HA-1 
hepatoma. Characteristic of this cancer type are multiple 
metastases in the liver; however, their number was consider-
ably reduced in the animals that received RL2.

By now, every last detail of apoptosis has been clarified, 
including a multitude of factors of various nature that 
trigger the programmed cell death. Manifold external and 
intracellular factors can stimulate apoptosis, but it can be 
initiated via only two mechanisms – a receptor-dependent 
or mitochondrial pathway.

In the former mechanism, the signal for apoptosis is re-
ceived by the specialized proteins within the cell membrane, 
the so-called death receptors, with a subsequent chain of 
interactions involving ligand, receptor, adapter, and effec-
tor, which eventually leads to activating caspases, i.e. en-
zymes that cleave proteins. In the latter pathway, apoptosis 
is implemented by releasing apoptogenic proteins out of 
mitochondria into the cell cytoplasm through the breaks 
or pores in the mitochondrial membranes.
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RL2 protein injections to the laboratory mice with 

inoculated hepatoma increased their lifespan (above). 

Histological examination of the liver of a sick mouse 

demonstrates that treatment with RL2 considerably 

reduces the area of metastases
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Treatment of (a) MCF-1 and (b) MSC human breast cancer cell lines with RL2 protein 

initiates apoptosis; in this process, RL2 binds to cell cytoskeletal proteins, thereby provoking 

destruction of the mitochondrial membranes.

Fluorescence microscopy
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Cell nuclei are 
colored blue and 
RL2 protein, red
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