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a b s t r a c t

Milk is one of the main source of biologically-active peptides that may function as regulatory substances
called food hormones. After passing the gut–blood barrier, the �-opioid receptor agonist and antagonist
peptides may become the new factors influencing various functions of the human organism. The aim of
the conducted research was to determine the influence of �-opioid receptor agonist peptides: human
and bovine �-casomorphin-7 (h/bBCM-7) and antagonistic peptides: casoxin-6 and- D (CXN-6/D) on
proliferation and cytokine secretion of human peripheral blood mononuclear cells (PBMCs). The PBMCs
proliferation was measured by the use of the BrdU test, which assesses the DNA synthesis activity and
the WST-1 test which assesses the activity of mitochondrial dehydrogenase enzymes. The influence of
all the investigated peptides on secretion of IL-4, IL-8, IL-13 and IFN-� was determined by the use of the
ELISA tests. Incubating the cells with the peptides has not caused any changes to their enzymatic activity,
eripheral blood mononuclear cells which has been proved by a WST-1 test. When using a BrdU test, however, it has been observed that there
appear changes to proliferation of PBMCs correlated to amounts of bromodeoxyuridine incorporated
into the cellular DNA. Moreover, changes to secretion of IL-4 and IL-13 by the cells under the influence
of agonists were detected, as well as changes to secretion of IFN-gamma under the influence of all the
examined substances. The obtained results provide information on immunomodulatory effects of food-

which
derived opioid peptides,
in newborns.

. Introduction

Milk proteins, both bovine and human, make a rich source of bio-
ogically active peptides. The �-opioid receptor agonist peptides,
alled �-casomorphins (BCMs), are released from the �-casein
37,13] and the antagonist peptides, called casoxins (CXNs), are
eleased from the �-casein and �s1-casein [39,40]. Those peptides
ave been identified both in cow [36] and human’s milk [30,10]
s well as in numerous dairy products [4,31]. They may be liber-
ted from native milk proteins as a result of enzymatic hydrolysis
ccurring during technological processing of food [20] or in the
igestive tract [5,3]. A possibility of crossing the intestinal barrier

y the opioid peptides has also been reported [9,32] which has been
onfirmed by clinical research by Kost et al. [12].

The cells of the digestive, immune, nervous, and endocrine
ystems are equipped with opioid receptors that modulate func-

Abbreviations: PBMCs, peripheral blood mononuclear cells; hBCM-7, human
-casomorphin-7; bBCM-7, bovine �-casomorphin-7; CXN-6, casoxin-6; CXN-D,
asoxin-D; MOR, morphine; NLX, naloxone; IL, interleukin; IFN, interferon.
∗ Corresponding author. Tel.: +48 89 523 39 38; fax: +48 89 535 20 15.

E-mail address: elzbieta.kostyra@uwm.edu.pl (E. Kostyra).
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may be of clinical significance especially in the case of allergic diseases

© 2010 Elsevier Inc. All rights reserved.

tioning of the organism by the agency of endogenous opioids [19].
It has been suggested that upon getting into the bloodstream the
exogenous opioid peptides may modulate functioning of the men-
tioned systems by interactions with �-opioid receptors [34,8].
Some authors suggest the regulatory influence of �-casomorphins
on the neonates’ development [38], yet on the other hand, �-
casomorphins liberated from the cow’s �-casein are accused of
participating in etiology of such conditions as: autism [24,33],
SIDS [34], diabetes type I, postpartum psychosis [17], circulatory
disorders, or food allergies [15,16]. Due to those facts, an increas-
ing number of organizations, including the European Economic
Community, the European Union, and the European Food Safety
Authority have become involved in regulations connected with the
safety of consumption of biologically active peptides in food [22].

Therefore, it is important to define the dose-dependent influ-
ence of opioid peptides consumed by people on the functioning
of the human body. Moreover, the fact that both peptides, the �-
opioid receptor agonists and its antagonists, coexist in consumed

food motivates to search for dependencies resulting from the pos-
sibility of simultaneous influence of both those compounds on the
human organism.

The aim of this research was to examine the influence of
�-opioid agonist (bovine and human �-casomorphin-7) and antag-

dx.doi.org/10.1016/j.peptides.2010.12.003
http://www.sciencedirect.com/science/journal/01969781
http://www.elsevier.com/locate/peptides
mailto:elzbieta.kostyra@uwm.edu.pl
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nist peptides (casoxin-6 and casoxin-D) derived from bovine and
uman milk proteins on proliferation and cytokine’s secretion by
BMCs.

. Materials and methods

.1. Study participants

The examined material consisted of the blood obtained from
ve selected healthy male volunteers aged 25–30 years old with no
ymptoms of allergies. The study was conducted with an approval
f the local Ethical Committee and all of its volunteers signed an
nformed consent and filled in a questionnaire on their health con-
ition, which assessed such factors as their prevalence of allergic
isease, past diseases and pharmacologic treatment. In the sera of
ll the five participants the IgE against casein, �-lactoalbumin and
-lactoglobulin were in class 0.

.2. Peptides

Four opioid peptides: human �-casomorphin-7 (YPFVEPI),
ovine �-casomorphin-7 (YPFPGPI), casoxin-D (YVPFPPF) and
asoxin-6 (SRYPSY) have been studied. All of them were synthe-
ized at the Department of Bioorganic Chemistry, at Faculty of
hemistry of the University of Gdańsk. According to the producer’s
ecommendation, the peptide purity is 99.4%.

.3. Isolation of human peripheral blood mononuclear cells
PBMCs)

The peripheral blood was gathered into collecting tubes coated
ith K3EDTA (BD Biosciences). The tubes were immediately trans-
orted to a laboratory where the isolation of PBMCs was started.
he PBMCs were isolated in the gradient of Ficol (Histopaque
077, Sigma). The PBMC layer was washed twice with RPMI-1640
Sigma–Aldrich), the cells were counted, and finally diluted with
PMI-1640 containing 1% of a heat inactivated human AB serum
s well as 1% of gentamycin and 0.25% of phytohemagglutinin-L
PHA-L, Roche Diagnostics). The cells were seeded on 96-well plates
t concentration of 0.25 × 105 cells/well. After 48 h of growing,
timulatory substances were added. The influence of five different
oncentrations (10−5; 10−6; 10−9; 10−12 and 10−15 mol/L) of each
pioid peptide (human �-casomorphin-7, bovine �-casomorphin-
, casoxin-D, casoxin-6) as well as two standards: morphine
�-opioid receptor agonist, MOR) and the naloxone (�-opioid
eceptor antagonist, NLX) on the human PBMC proliferation has
een examined. The whole analysis was performed in triplicate.
he level of PBMCs proliferation in the presence of the pure culture
edium has been accepted as 100%.

.3.1. Assessment of the PBMC proliferation using the WST-1
roliferation test

After 12 h of PBMC incubation with the opioids, the WST-1
roliferation test (Roche Diagnostic) was added in the ratio 1:10
nd the incubation was continued for 90 min. The cell incuba-
ion time with all the investigated substances and with the WST-1
est was determined in previous experiments. The absorbance was

easured at the wavelength of � = 450 nm using an ELISA reader
Biogenet Asys UVM 340).

.3.2. Assessment of the PBMC proliferation using the BrdU

roliferation test

After 2 h of PBMC incubation with the opioids, a BrdU labeling
eagent (Roche Diagnostic) was added in the volume of 10 �l per
ell and the incubation was continued for 10 h. After the incuba-

ion, the cell suspension was centrifuged at 300 × g for 10 min and
es 32 (2011) 707–712

the labeling medium was removed by flicking it off and the rest was
dried with a hair-dryer for 15 min. Then, the Fix Denat solution was
added and the whole was incubated for 30 min at the room temper-
ature. After that, the Fix Denat was removed and an anti-BrdU-POD
solution was added in the amount of 100 �l per well. After 90 min
of incubation, the solution was removed and the plate was rinsed 3
times with the 1% PBS. The absorbance measurement was taken at
the wavelength of � = 492 nm after 30 min of incubation with the
solution of substrate.

2.3.3. Determination of cytokines
The cells were seeded at the concentration of 2 × 106 cells/ml

of the medium containing 1% of a heat inactivated human AB
serum as well as 1% of gentamycin and 0.25% of PHA. After 24 h
of incubations, the stimulatory substances were added in three
concentrations (10−6; 10−9 and 10−12 mol/L). Morphine and pure
medium were used as the controls. After seven days of incuba-
tion with the stimulatory substances, the cells were harvested
and the supernatant was collected and stored at −70 ◦C. Commer-
cially available ELISA kits were applied to determine the content of
the following interleukins: IL-4, IL-8 (BD Bioscience), IL-13, IFN-�
(Mabtech, USA). The analysis was performed according to the man-
ufacture’s instructions. The results of different runs were equalised
by a comparison of their standard curves and expressed as pg/ml.
The analysis was performed in triplicate.

2.3.4. Statistical analysis
For the BrdU proliferation test, a nonparametric test (the

Mann–Whitney U test) was used to compare the proliferation val-
ues for the test cultures with the ones for the control cultures.
For WST-1 proliferation test, a parametric test (ANOVA) was used
to compare the proliferation values for the test cultures with the
ones for the control cultures. The level of significance was p < 0.05.
Significant results of pairwise comparisons were presented as sup-
pression or stimulation according to the decrease or the increase of
the values in the test culture.

3. Results

3.1. Assessment of proliferation changes for human peripherial
blood mononuclear cells under the influence of opioid peptides
derived from the bovine and human milk

The PBMCs proliferation after 12 h incubation together with the
examined substances has been determined using two tests with dif-
ferent working spectra. The WST-1 test was used to assess the level
of the mitochondrial dehydrogenase activity which is correlated
with the general number of cells and their ability to proliferate. The
BrdU-test-based determination of the cellular proliferation made it
possible to assess the proliferation changes in time by measuring
the incorporation of bromodeoxyuridine (BrdU) in the DNA of the
cells during the 10 h incubation with the examined substances.

3.1.1. Results of the WST-1 test
No significant increase of the cellular proliferation resulting

from the PBMCs incubation with any of the examined opioids was
observed when measured by the activity level of mitochondrial
dehydrogenases (Figs. 1 and 2). The PBMC incubation with mor-
phine and naloxone as well as human and bovine �-casomorphin
in the femtomolar concentration (10−15 mol/L) did not entail any
significant changes in relation to the control made of cells cultured

in the pure medium. The PBMC incubation with those substances in
concentrations higher than a femtomolar one resulted in a decrease
of mitochondrial dehydrogenases activity. Casoxin-6 and casoxin-
D significantly decreased (p < 0.05) the proliferation of the cells in
the femtomolar concentration (10−15 mol/L) and higher ones. It has



Journal Identification = PEP Article Identification = 68255 Date: March 7, 2011 Time: 9:31 pm

E. Fiedorowicz et al. / Peptides 32 (2011) 707–712 709

Fig. 1. The influence of human opioid peptides on the proliferation of the human
peripheral blood mononuclear cells (PBMCs) measured with the WST-1 test (n = 20).
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Fig. 3. The influence of human opioid peptides on the proliferation of the human
peripheral blood mononuclear cells (PBMCs) measured with the BrdU test (n = 20).
The level of PBMCs proliferation cultured in the pure culture medium has been pre-
sented as the control (100%). hBCM, human �-casomorphin-7; CXN-D, casoxin-D;
MOR, morphine; NLX, naloxone. Significant changes: hBCM (10−12 mol/L) vs con-
trol, p < 0.05; CXN-D (10−5; 10−6; 10−9; 10−12 mol/L) vs control, p < 0.05; MOR (10−5;
10−6; 10−9; 10−12; 10−15 mol/L) vs control, p < 0.01; NLX (10−5; 10−6; 10−9; 10−12;
10−15 mol/L) vs control, p < 0.01.

Fig. 4. The influence of bovine opioid peptides on the proliferation of the human
peripheral blood mononuclear cells (PBMCs) measured with the BrdU test (n = 20).
The level of PBMCs proliferation cultured in the pure culture medium has been

Additionally, a competitive test was performed consisting of
pre-incubation of the cells with a �-opioid receptor antago-
he level of PBMCs proliferation cultured in the pure culture medium has been
resented as the control (100%). hBCM, human �-casomorphin-7; CXN-D, casoxin-
; MOR, morphine; NLX, naloxone. Significant changes: CXN-D (10−5; 10−6; 10−9;
0−12; 10−15 mol/L) vs control p < 0.05

een observed that the picomolar concentration (10−12 mol/L) was
he most effective one in the case of human and bovine BCM-7 and
XN-D (Figs. 1 and 2).

.1.2. Results of the BrdU test
The level of the BrdU incorporated into the structure of the

ellular DNA during the 10 h incubation with the examined sub-
tances indicated a stimulation of the PBMCs proliferation by
ovine and human �-casomorphin-7 in all the examined concen-
rations except for the femtomolar concentration (10−15 mol/L) in
he case of human BCM. As a result of the incubation of human
nd bovine BCM in the picomolar (10−12 mol/L) concentration with
he human lymphocytes, the highest and statistically significant
ncrease of cell proliferation was observed when compared to the
ontrol (Figs. 3 and 4) (p < 0.05). The cell incubation in the pres-
nce of casoxin-6 did not entail any statistically significant changes
easured by the level of the BrdU incorporation into the cellular
NA (Fig. 4). However, casoxin-D caused a statistically significant
ecrease of the cell proliferation measured by the lowered BrdU

ncorporation into the cellular DNA in the case of all the con-
entrations higher that the femtomolar one (Fig. 3) (p < 0.05). The
ncubation of the cells in the presence of morphine and naloxone
esulted in a significant decrease in the cell proliferation when

elated to the control culture (p < 0.01); however, no statistically
ignificant differences between the influences of those two sub-
tances were observed.

Fig. 5

ig. 2. The influence of bovine opioid peptides on the proliferation of the human
eripheral blood mononuclear cells (PBMCs) measured with the WST-1 test (n = 20).
he level of PBMCs proliferation cultured in the pure culture medium has been
resented as the control (100%). bBCM, bovine �-casomorphin-7; CXN-6, casoxin-
; MOR, morphine; NLX, naloxone. Significant changes: CXN-6 (10−5; 10−6; 10−9;
0−12; 10−15 mol/L) vs control. p < 0.05.
presented as the control (100%). bBCM, bovine �-casomorphin-7; CXN-6, casoxin-6;
MOR, morphine; NLX, naloxone. Significant changes: bBCM (10−12 mol/L) vs control,
p < 0.05; MOR (10−5; 10−6; 10−9; 10−12; 10−15 mol/L) vs control, p < 0.01; NLX (10−5;
10−6; 10−9; 10−12; 10−15 mol/L) vs control, p < 0.01.
nist (casoxin-6 or casoxin-D), a later application of an agonist
and a re-incubation. When casoxin was coadministered with

Fig. 5. The influence of bovine and human opioid peptides on the interferon-
� secretion by the human peripheral blood mononuclear cells (PBMCs) (n = 15).
The level of INF- � secreted by the PBMCs cultured in the pure culture medium
has been presented as the control. hBCM, human �-casomorphin-7; bBCM, bovine
�-casomorphin-7; CXN-D, casoxin-D; CXN-6, casoxin-6; MOR, morphine. Signif-
icant changes: hBCM (10−6; 10−9; 10−12 mol/L) vs control. p < 0.01; bBCM (10−6;
10−9; 10−12 mol/L) vs control. p < 0.01; CXN-D (10−6; 10−9; 10−12 mol/L) vs con-
trol, p < 0.01; CXN-6 (10−6; 10−9; 10−12 mol/L) vs control. p < 0.01; MOR (10−6; 10−9;
10−12 mol/L) vs control, p < 0.01.
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Fig. 6. The influence of bovine and human opioid peptides on the interleukin-4
(IL-4) secretion by the human peripheral blood mononuclear cells (PBMCs) (n = 15).
The level of IL-4 secreted by the PBMCs cultured in the pure culture medium has
been presented as the control. hBCM, human �-casomorphin-7; bBCM, bovine �-
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Fig. 7. The influence of bovine and human opioid peptides on the interleukin-8
(IL-8) secretion by the human peripheral blood mononuclear cells (PBMCs) (n = 15).
The level of IL-8 secreted by the PBMCs cultured in the pure culture medium has
been presented as the control. hBCM, human �-casomorphin-7; bBCM, bovine �-
casomorphin-7; CXN-D, casoxin-D; CXN-6, casoxin-6; MOR, morphine. Significant
changes: bBCM (10−9; 10−12 mol/L) vs control, p < 0.01; CXN-D (10−12 mol/L) vs
hBCM (10−12 mol/L), p < 0.05; MOR (10−9; 10−12 mol/L) vs control, p < 0.01.

Fig. 8. The influence of bovine and human opioid peptides on the interleukin-13 (IL-
13) secretion by the human peripheral blood mononuclear cells (PBMCs) (n = 15).
asomorphin-7; CXN-D, casoxin-D; CXN-6, casoxin-6; MOR, morphine. Significant
hanges: hBCM (10−9 mol/L) vs control, p < 0.05; CXN-D (10−9 mol/L) vs control.
< 0.05; CXN-6 (10−9 mol/L) vs control. p < 0.05; MOR (10−6; 10−9; 10−12 mol/L) vs
ontrol, p < 0.05.

-casomorphin-7, the effect of BCM in stimulation the PBMCs
esponse was partially prevented in the case of all the examined
oncentrations. The inhibition of BCMs effect was in the ranged
rom 6% (hBCM, the concentration 10−15 mol/L) to 27% (bBCM, the
oncentration of 10−5 mol/L).

.1.3. The influence of opioid peptides derived from the bovine
nd human milk proteins on cytokine’s secretion by PBMCs

The influence of all the examined peptides on secretion of four
ytokines: IL-4, IL-8, IL-13 and IFN-� has been assessed. The level
f each cytokine secreted by the PBMCs cultured in the pure cul-
ure medium has been presented as the control. The incubation of
BMCs with �-opioid receptor agonist peptides caused the increase
f IL-4 secretion (Fig. 6). Morphine significantly increased the IL-
secretion (p < 0.05) at all concentrations. Human BCM-7 at the

anomolar concentration (10−9 mol/L) caused significant increase
rom control (p < 0.05). The incubation of the cells with the �-
pioid receptor antagonists resulted in a significant decrease in
he level of the IL-4 secreted by the cells at the nanomolar con-
entration (p < 0.05). Both, in the case of the �-opioid receptor
gonist and its antagonist peptides, the nanomolar concentration
as the most effective one that entailed changes in the IL-4 secre-

ion by the PBMCs (Fig. 6). Morphine and bovine �-casomorphin-7
n the nano- and picomolar concentrations entailed a significant
ncrease in the IL-8 secretion (p < 0.01) (Fig. 7). The PBMC incubation

ith the �-opioid receptor agonist in the micromolar concentra-
ion (10−6 mol/L) did not cause an increase in the IL-8 secretion
hen compared to the control. No differences were observed in

he IL-8 secretion by the PBMCs incubated with the bovine �-
pioid receptor agonist and antagonist. However, in the case of
uman peptides, CXN-D caused a significantly decreased secretion
f IL-8 than BCM-7 (p < 0.05) (Fig. 7). The PBMC incubation with
ll the examined opioids entailed an inhibition of the IFN-� secre-
ion by the PBMCs in relation to the control culture made of cells
ultured in the pure medium (p < 0.01). No statistically significant
ifferences between the influences of particular examined com-
ound substances were noticed (Fig. 5). The PBMC incubation with
he examined opioids did not influence the IL-13 secretion when
ompared to the cells cultured in the pure medium (Fig. 8). How-
ver, significant differences between the IL-13 secretions under the

nfluences of particular opioids were observed. Casoxin-D caused
lower IL-13 secretion than human �-casomorphin-7; yet, those
ifferences were statistically significant only in the case of the
anomolar concentration (10−9 mol/L) (p < 0.01).
The level of IL-13 secreted by the PBMCs cultured in the pure culture medium has
been presented as the control. hBCM, Human �-casomorphin-7; bBCM, bovine �-
casomorphin-7; CXN-D, casoxin-D; CXN-6, casoxin-6; MOR, morphine. Significant
changes: CXN-D (10−9 mol/L) vs hBCM, p < 0.01.

4. Discussion

It has been proved that the cells of the nervous and immune sys-
tems are capable of communicating with each other by the agency
of endogenous opioid peptides. As early as in 1986, Shavit et al.
paid their attention at the new function of endogenous opioids
as particles carrying information to the cells of the immune sys-
tem [29]. Those cells are equipped with all three classes of opioid
receptors (�, �, and �) involved in transmitting signals by endo-
and exogenous opioids [18]. Moreover, lymphocytes, monocytes
and macrophages are capable of synthesizing endogenous opioids
that participate in a regulation of immune system functioning [23].

Cabot et al. have examined the role of �-endorphins produced
by the cells of the immune system in inflammatory processes. The
lymphocyte-derived �-endorphin may induce analgesia effect at
the inflamed tissue by their interaction with the peripheral sen-
sory nerve terminals and play the role of mediators for the immune
system when attracting lymphocytes to the inflamated tissue [2].

The influence of the exogenous opioid peptides, which are pro-
vided to the organism together with food, on functioning of the
immune system, and by its agency also on the nervous one has not

been fully explained so far.

In the conducted experiment, an attempt to describe the role and
the influence of the food-originating �-opioid receptor agonists
and its antagonists as well as their concentrations on proliferation
and secretory properties of human peripheral blood mononuclear
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ells has been undertaken. Morphine - the agonist of the �-opioid
eceptor - and naloxone - the antagonist of the �-opioid receptor -
ave been used as a control and a reference point during the result

nterpretation. The previous studies confirm an immunosuppres-
ive influence of morphine and indicate the �-opioid receptor as
he pathway of that reaction [25,7]. The observed inhibitory influ-
nce of morphine and naloxone on the human PBMCs proliferation
onfirms the results of the previous research.

Sütas et al. have observed an inhibitory influence of the
epsin–trypsin milk hydrolysates as well as of �- and �s1-casein on
he proliferation of PBMCs isolated from healthy donors. That effect
as strengthened by additional hydrolysis with the use of bacterial

nzymes from the Lactobacillus casei strain [35]. The researchers
ave not performed analyses (verb)/analyses (noun) aiming at

dentification of the opioid peptides obtained in the hydrolysates,
owever the research carried out by De Noni and Cattaneo firmly

ndicates the presence of those peptides in similar extracts [4].
he results obtained by Sütas et al. [35] may be connected with
he presence of opioid peptides in milk hydrolysates; however,
ther biologically active peptides liberated from the milk protein
tructure during digestion should also be remembered. A similar
xperiment has been carried out by Otani and Hata who showed
uch an inhibitory influence on the proliferation of mouse lympho-
ytes and rabbit Peyer’s patch cells [21]. Those researchers paid
heir attention at a significant suppression increase after trypsin
nd pancreatinine had been used. The studies conducted by Elitsur
nd Luk confirmed the immunosuppressive character of BCM-7 in
he experiment with human colonic lamina propria lymphocyte [6].

Kayser and Meisel [11] have examined the influence of bio-
ogically active peptides liberated from milk, including bovine
CM-7, on proliferation of human PBMCs using the BrdU test. They
bserved a stimulation of cells that is concentration-dependent,
hich is in agreement with the results that we have obtained. The
ighest increase of proliferation was observed in the case of the
ells incubated with BCM-7 in the concentrations of 10−6, 10−5

nd 10−4 mol/L. However, in the experiment that we have con-
ucted, the highest increase of the proliferation was observed when
he concentrations were at 10−15, 10−12 and 10−9 mol/L. The dis-
repancies in the obtained results are most likely to originate from
ethodological differences for the aforementioned researchers in

heir experiment used lymphocytes that had been previously sep-
rated from monocytes. In spite of that, both experiments confirm
he immunomodulatory nature of bovine BCM-7.

The presented results indicate a stimulatory effect of both
ovine and human BCM on human PBMCs in the initial period
f peptide incubation together with the cells, which is confirmed
y the increased level of BrdU incorporated in the cellular DNA.
owever, after the 12 h exposure of the cells to bovine and human
CM-7, an inhibitory influence of those peptides on the cell pro-

iferation has been observed, which was reflected in their lowered
etabolic activities. The remaining examined substances did not

timulate the cell proliferation after 10 h incubation with human
BMCs. Those results suggest the existence of additional mecha-
isms of �-casomorphin influence on the immune system cells.

The inhibition of stimulatory influence of �-casomorphins by
re-incubation of the PBMCs with the agonist of the �-opioid recep-
or proves the existence of an opioid pathway for the influence
f those peptides. Their surface enzyme - proline-derived dipep-
idyl peptidase-4 (DPPIV, EC 3.4.14.5) - is a crucial factor that may
lay an important role in modulating the exogenous opioid pep-
ide influence on the immune system cells. That enzyme, capable

f inactivating opioid peptides, plays a pivotal role in launching
he proliferation and lymphocyte differentiation. That fact confirms
he inhibitory influence of DPPIV inhibitors on the lymphocyte
roliferation and cytokine production as well as on the B-cells
ifferentiation and antibody production. Moreover, the research
s 32 (2011) 707–712 711

carried out by Schön et al. proves that an eruption of the enzyme
outside the membrane strengthens the proliferation effect [28,27].
The DPPIV inhibitors consist of peptides that include proline in
their third position as well as dipeptides X-Pro that are products
of the reaction catalyzed by the discussed enzyme. Casoxin-D is
built similarly to the aforementioned peptides. Thus, it may be
suspected that the intensive inhibition of the PBMCs prolifera-
tion by that peptide could occur by means of CD 26 inhibition.
The sequence of bovine �-casomorphin-7 (YPFPGHI) indicates two
hypothetic places of cutting the peptide by DPPIV - between amino
acid residues 2 and 3 as well as 4 and 5. Such created degrada-
tion products may manifest inhibitory actions toward DPPIV, which
may be the cause of the decrease in the cell proliferation after 12 h
incubation with casomorphin.

Kraus et al. have examined the influence of morphine on inter-
leukin secretion by the immune system cells [14]. That problem has
been also deeply examined by Roy et al. [26]. The studies showed
an inhibitory influence of morphine on secretion of the interleukins
connected with the Th1 pathway (IL-2 and IFN-�) and stimula-
tory influence on secretion of the interleukins connected with the
Th2 pathway, such as IL-4 and IL-5. No similar effects have been
observed in mice deprived of the �-opioid receptor. That made it
possible for the authors to draw the conclusion that morphine, by
interaction with the �-opioid receptor, triggers differentiation of
the Th2 lymphocytes and entails an increase of the IL-4 gene expres-
sion by the NFAT mechanism. The observed increased level of IL-4
secreted by the PBMCs incubated with morphine at the concentra-
tions of 10−12 and 10−9 mol/L with the simultaneous lowering of
the IFN-� secretion level fully confirms the results described above.
An effect similar to that of morphine has been observed in the case
of every concentration of human BCM-7 as well as in the case of the
bovine one but only at the concentration of 10−9 mol/L. That, in the
context of the results obtained by Roy et al. may indicate influence
of the food-originated �-opioid receptor antagonists similar to that
of morphine.

That fact becomes particularly important in the case of new-
borns, whose only food is made of milk. Kost et al. [12] have
examined the content of human and bovine BCM in the sera of
the children up to the tenth month of age, fed with artificial for-
mulas or their mothers’ milk. The average content was 60 fmol/mL
for the bovine BCM-7 and 200 fmol/mL for the human BCM-7 and
it kept increasing after feeding. Whereas Assargard et al. deter-
mined picomolar contents of BCM-5 containing peptides in the
sera of pregnant women [1]. Therefore, the concentrations of opioid
peptides applied in our study were within the real values for the
exogenous opioid peptides in human sera that can have an effect
on the immune system.

Within that aspect, the presented results may be of clini-
cal significance. All the examined peptides have manifested a
concentration-dependent inhibitory influence on the IFN-� secre-
tion, and thus on the Th1 lymphocyte differentiation. As it has been
suggested by Sütas et al. [35], that fact may contribute to creation of
natural immunotoleration in newborns. Thus, the obtained results
include information that may be used in drawing up the contents
of milk formulas for the newborns suffering from allergies to milk
proteins so that their tolerance to those allergens could be devel-
oped. Moreover, the obtained results provide information on the
immunomodulatory influence of peptides from food on the human
immune system, which may be of crucial significance in numerous
diseases.
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