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ABSTRACT

Background: Clearly, the evolvement of so-
cialization leads to better survival chances for
animals. Furthermore, organisms displaying
even the smallest component of cognitive abil-
ity would have a trait with enormous survival
advantage. Cognition would be an enhance-
ment to social animals, in that, division of la-
bor, aided by communication and tool building,
would be enhanced as well. A protective social
structure would provide for the long time re-
quired for the evolvement of cognitive abilities
within populations. Historically, we know that
man lived in small nomadic hunting groups. In
part, the effectiveness of these groups was
based on the strong behavioral and physical
similarities of the individuals comprising them.
Methods and Interventions: The data and
speculation for the present report was obtained
from the scientific literature after a critical re-
view.

Results: It would appear that the stress re-
sponse is a real phenomenon that harnesses in-
nate processes to promote health. However, if
this response operates for extended periods of
time itbecomes harmful. The pathogenic effects

of stress are known to be buffered against by
the support that comes from inclusion in a so-
cial group. Yet enlargement of the social in-
group itself with newcomers from an out-group
may lead to distress in the individual. Evolu-
tionary reasons for this boundary condition ex-
ist and may serve as a rate-limiting step in the
development of a more global human commu-
nity unless cognitive change can continue apace
with globalization.

Conclusions: Once our cognitive powers
reached their present point of development our
social structures, societies, got bigger. Yet we
still have problems dealing with intra-group dif-
ferences, both physical and behavioral, that
come with this size increase propelled by glob-
al travel and communication between cultures.
While we have developed technologically at a
fantastically rapid rate, we have not shed the
baggage of our gene-culture evolution as it per-
tains to our feelings of security and individual-
ity in small homogeneous groups. In essence,
in order for our evolution to be ultimately suc-
cessful we must have further “cognitive evolu-
tion”.

Key Words: Socialization, stress, cognitive power, communication
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INTRODUCTION

Previously we hypothesized that the
development of cognitive processes
provided such endowed animals with
an additional coping strategy in deal-
ing with stress (1). It also provided an
organism with a sense of unity and
cause-effect linearity as a coping strat-
egy, which is really a deception or il-
lusion, in that it imposes perceived or-
der and control. Our brains as organs
evolved to assess sense data but also to
maintain a healthy, allostatic, and calm
internal milieu. Living life as a con-
scious cognitive being in our world of
contingency and threat might itself
present a danger to the individual.
How then to build an organ in an or-
ganism with the ability to maintain
keen awareness of stimuli in the envi-
ronment while also modulating what
this external sensory awareness will
stimulate, namely the energy wasting
hyper-awareness of emotion-laden in-
ternal stimuli?

‘Trivers, an anthropologist, has put
forward an evolutionary theory of self-
deception, by which he means the ac-
tive misrepresentation of reality to the
conscious mind. He suggests that there
may be multiple sources of self-decep-
tion in our species and interactions be-
tween these sources (2). Self-deception
may include denial of ongoing decep-
tion, self-inflation, ego-biased social
theorizing, false narratives of intention
and a conscious mind that works via
denial to fashion a self-serving world.
Such a world may be designed to re-
duce distress in the individual. Trivers

also analyzes self-deception in groups
and highlights the inherent costs of de-
ceptive differentiations as grouping
mechanisms.

The neurologist V.S. Ramachan-
dran has taken another approach to
understanding the evolutionary origins
of self-deception (3). Pathological de-
nial of illness or anosagnosia, as it is
called, occurs when a patient suffers a
right parietal area stroke with resultant
paralysis of the left side of the body.
When asked to perform an action with
his paralyzed left arm the patient will
go to great lengths to point out that
the arm is perfectly fine but he just
doesn’t feel like moving it at the mo-
ment. This is so striking that this form
of denial is called a “right parietal syn-
drome”. Ramachandran believes that
in normal individuals the left hemi-
sphere evolved to ordinarily dispense
with small, local “anomalies” or dis-
crepancies by trying to impose consis-
tency as a way to preserve the status
quo. However when the anomaly de-
tected exceeds a certain threshold per-
haps indicating a threat to the status
quo, what he calls a ‘devil’s advocate’ in
the right hemisphere comes on line to
create a paradigm shift that results in
the construction of a new model em-
ploying the same data --one that de-
mands attention and possible action
because it is emotionally alarming. In-
deed we know that the right hemi-
sphere is more emotionally reactive
and more tied in with the visceral nerv-
ous system. For example, when pa-
tients have a stroke in the left frontal
region of the brain, patients are more
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prone to depression, perhaps indicat-
ing that an unopposed and strong
anomaly detector on the right is hyper-
reactive to the illness experience. In its
overreaction, the right hemisphere can
itself cause a self-deception in the oth-
er direction, i.e., that all is lost and that
the future is hopeless, which is usually
not the case in reality.

In essence what we learn from the
neurology of self-deception is that in
a bi-hemispheric way, it works both
ways. The left hemisphere is best
equipped to perpetuate the status quo
world-view. It deceives in the direction
of safety, control and a good future.
Life is sugar-coated and understand-
able. The right hemisphere is prefer-
entially an anomaly detector. It de-
ceives in the direction of danger,
contingency fear and sadness about the
future. Life is a bitter pill and in-
scrutable. Fortunately, the left hemi-
sphere has evolved to dominate with
enormous impact on human cognition
and affect. However, one is left won-
dering whether this occurred because
the left hemisphere was, after all is said
and done, a better arbiter of reality and
less deceptive or simply more prag-
matic. Perhaps a dominant left hemi-
sphere provides a survival advantage
based on the cognitive trick of reduc-
ing our allostatic loading (our stress-
related metabolic debt) through di-
minished fear conditioning, even if it
takes deception to reduce it. Either
way, what has occurred as a result is
nothing short of an alteration of hu-
man life on earth, allowing for indi-
vidual comfort, a longer lifespan, and

social groupings. The clear superiori-
ty of cultural evolution in terms of ra-
pidity of effect over genetic evolution
is a byproduct of this horizontal bi-
hemispheric relationship and also of
the vertical relationship between the
neocortex and the limbic system.
Whether or not it is based on decep-
tion about life, it is clear that ap-
proaching the world as presumably un-
derstandable and cognitively “user
friendly” has been pragmatically suc-
cessful. All science is based on this as
a matter of fact. As William James
would say, “It (this approach) has
baked bread”.

Thus, the biology of deception has
been an important evolvement leading
to man as a cognitive creative being.
We should be clear however, that emo-
tion and cognition work hand in hand.
A recent neuroimaging study for ex-
ample used functional Magnetic Res-
onance Imaging (fMRI) to show that
emotional engagement was required to
make moral reasoning judgments
(4,1,5). It is sometimes assumed that
the cognitive process occurs by way of
a “rational" mind alone, that is, the
ability to evaluate many items of in-
formation and finally come up with a
well thought out solution to a problem.
As is implied, this only occurs after a
complex weighing out of all details,
considerations and facts in a situation.
However, such a detailed cognitive
process can lead, counter intuitively, to
inactivity and/or major delays in re-
sponse selection. Thus, for many cir-
cumstances an organism exhibiting un-
emotional “rationality” would not or
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could not survive. From this premise
we surmised that, in part, emotion can
be viewed as a preserved aid or short-
cut to rationalized action (5). Indeed
the neuroscientist Paul MacLean and
the behavioral neurologist Antonio
Damasio have presented evidence that
human emotion is a sine qua non for
human reason (6,7). We have also sur-
mised that man, as a cognitive being,
did not just “appear” upon the top of
the evolutionary tree with cognitive
ability (8). In this last report, we discuss
a logical argument for the apparent re-
luctance of man, in general, to accept
cognitive attributes as being present in
other animals. Indeed, this reluctance
may be founded once more in the
overall concept of the biology of de-
ception, that is, a perceived distortion
of reality, which favors survival.

In the present report, we will un-
dertake the problem of “man’s inhu-
manity to man”, that is our apparent
intolerance to accept physical, cultur-
al and religious differences in peoples.
Indeed, this too, may be an example of
the biology of deception, which in the
past had tremendous survival value.

DISCUSSION

Throughout animal evolution we
can find various forms of socialization
involving single species that undoubt-
edly led to better survival chances for
the individuals, and thus the species. In
this regard, Man's evolution has been
a prime example. We may also con-
clude that even organisms displaying
the smallest component of cognitive

ability, since it did not just “jump” on
the evolutionary scale of progress,
would have an important survival ad-
vantage (1,5,8). This unique charac-
teristic would be a further enhance-
ment to social animals, in that division
of labor, communication and tool
building would be enhanced as well. It
could even be predicted that a way for
a “society”, and thus a species, to
evolve would be to enhance intra-
group communication. Furthermore, a
protective social structure would pro-
vide for the long time required for the
evolvement of cognitive abilities with-
in that population. Thus, cognitive
evolution and socialization are mutu-
ally reinforcing.

We can assume that the time re-
quired for cognitive enhancements to
evolve occurred over millions of years.
Thus, social settings and structures, in
which cognitive evolution has been
nurtured, form its foundation. In this
regard, from human history, we know
that man lived in small nomadic hunt-
ing groups, as do other successful
mammals. This situation, with a cer-
tain group size, most probably arose
due to a limited supply of food within
a given geographical region. These
small group-like societies would also
protect man in general from disease,
since a disease, potentially viral in na-
ture, would only “wipe out” a small
segment of man. Thus, for most of
man’s unwritten history, “we” had been
nomadic hunters living in small, effec-
tive groups. In part, the effectiveness of
these groups was based on the strong
behavioral and physical similarities of
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the individuals comprising them. The
single purposefulness (or shall we say
“mindfulness”) of the groups as well as
their homogeneous composition led to
their success. We speculate that varia-
tions in this composition or strangers
entering the group with different
forms of communication or physical
characteristics were not tolerated in
general. Indeed, these “strangers” were
probably viewed simply as not similar,
much like a simple immune antigenic
challenge. This attitude, at that time,
had great survival value in that it kept
the groups tightly bonded from with-
in, thus constantly protecting the
“core” from external threats that would
potentially disband the group thus
making its individuals vulnerable to ex-
ternal assaults. In brief, maintaining a
homogeneous in-group has great sur-
vival value for man and all other social
animals.

Interestingly, once our cognitive
powers reached their present point of
development our social structures, so-
cieties, got larger. This was only pos-
sible due to our growing cognitive
powers dominated by the left hemi-
sphere, which imposed a sense of order
based on our perceptions (1). Howev-
er, since larger societies were a rela-
tively recent development in our
evolvement (last 10,000 years), we have
problems dealing with intra-group dif-
ferences, both physical and behavioral,
that come with larger more diverse so-
cieties as well as with global travel and
communication between cultures.
These last factors can clearly pit one
group against another in modern times

even when separated by thousands of
miles. Indeed, these conflicts may sim-
ply be based on a lag in cognitive un-
derstanding or evolvement. While we
have developed technologically at a
fantastically rapid rate, we have not
shed our gene-culture “baggage” re-
garding the feelings of security and in-
dividuality that small homogeneous
groups provide. In short, our behav-
ioral preferences still favor our earlier
development (pre-human and human),
which is understandable, given the
long association of our cognitive de-
velopment with man’s success and de-
velopment in small groups.

In essence, in order for our evolu-
tion to be successful we must have fur-
ther “cognitive evolution”. The fact
that we have marveled in our own
technological achievements and placed
ourselves on a pedestal based on them,
has in some ways hidden our Achilles’
heel. Namely, our intellectual creations
are way ahead of our behavioral com-
prehension regarding our capacity for
tolerance of other out-group peoples.
In other words, we again are faced with
a deception of reality from within. The
human genome project has established
that all human beings are essentially
identical with virtually no racial differ-
ences, for example.

There is heartening research just
published that suggests that out-group
bias is not hard-wired (9). The re-
searchers report experiments using a
tool called the memory confusion pro-
tocol, which unobtrusively reveals
whether subjects are categorizing tar-
get individuals into groups and
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whether they are using dimensions
such as race to do so. Their results sug-
gest that categorizing individuals by
race is not inevitable. Rather, another
hypothesis emerges. Encoding by race
may be a reversible byproduct of cog-
nitive machinery that evolved to detect
coalitional alliances. Coalitional affili-
ations are indeed encoded as part of
normal representations of persons en-
countered. However, when cues of
coalitional affiliations no longer corre-
spond to race, subjects greatly reduce
the extent to which they mark others
by race and may entirely cease to use
racial categorization. It is of interest
that facial recognition is mediated in
the same right parietal brain region we
discussed above, so that certain cues of
coalitional affiliation may also be lost
in a right parietal stroke. Such loss of
facial recognition is called prosopag-
nosia. Here, too, there would be loss of
"anomaly” detection on a gross level
but the above experiment suggests that
exposure to an "alternate social world”
(setting up affiliations with racially in-
tegrated basketball teams) for 4 min-
utes of their experiment was enough to
dilute the tendency to categorize by
race.

CONCLUSION

In conclusion, we surmise that the
discomfort individuals may experience
upon first meeting someone new or
being in physically different cultures
may, in fact, be due to a primitive be-
havior imbedded in our gene-culture
evolution reflecting our desire to exist

in a homogeneous group, one that the
individual has been conditioned to ex-
ist within as part of a coalitional affili-
ation. While this discomfort, during
man’s evolvement, led to a measure of
his successful attempt to survive and
"prosper”, in and of itself, it is really a
deceptive behavioral mechanism since
it implies that the individual’s group is
the only anomaly free safe one. As
such, one might hope that this behav-
ior will become outdated given the ad-
vances achieved by man’s intellect.
Man’s cognitive ability must evolve to
include the understanding that all men
are basically the same, and their dif-
ferences are really small compared to
their similarities on all levels. But this
is not the only task that lies ahead. Hu-
man response selection always involves
an emotional valence interpenetrating
the cognitive choice. How we evolve
the ability to broaden our emotional
affiliations may hold the key to the fu-
ture of the species.
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ABSTRACT

Background: Opioid are schematically divid-
ed into three different classes of active pep-
tides (enkephalins, dynorphins, endorphins),
which been found in all metazoans. These opi-
oids peptides like almost all neuropeptides,
are synthesized via the proteolytic processing
by prohormone convertases of larger inactive
precursor molecules i.e. proenkephalin
(proEnk), prodynorphin (proDyn) and proop-
iomelanocortin (POMC).

Method and Investigations: The data and the
speculation for the present report were ob-
tained from our results and scientific litera-
ture.

Results: Regardless to opioid peptide se-
quence, these peptides shared the common N-
terminal sequence i.e. the YGGFX sequence
which is responsible of their activity. Beside
this family,a number of other endogenous opi-
oid peptides have been found and they share
in common the YP dipeptide N-terminal se-
quence. These peptides constitute a novel fam-
ily of peptides, called non-classical opioid pep-
tides

Conclusions: The two families are synthesized
by both nervous and immune system and are
implicated as signalling molecules in their
cross-talk.

Key Words: Placebo, Neuroimmunity, non-classical opioids, metallopeptidases

INTRODUCTION

It has long been thought that all
physiological functions, including im-
mune reactions were exclusively under
brain control. Pioneer studies of
Metchnikoff and Pasteur have unrav-

eled the key role of the immune sys-
tem, which is acting as «mobile brain»,
in the organism’s defense mechanisms.
It is now clear that the central nervous
and the immune systems are indeed
cross- talking and are both involved in
immune response. Since 1980, numer-
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ous studies have demonstrated that
mental variations, which are subse-
quent to stress or hypnosis, are mod-
ulating immune response and are im-
plicated in the organism’s defense
mechanisms. In contrast, it has also
been shown that immune system mod-
ulates both the peripheral and the cen-
tral nervous system and is involved in
fever production which is resulting
from an infection (1). These interac-
tions are mediated via different mole-
cules including peptides such as CRH
and ACTH, monoamines (epineph-
rine, norepinephrine and dopamine),
glucocorticoids, free radicals, cytokines
such as IL1, IL6 and TNFa, and opi-
oid peptides and opiates (2). In this
way, Smith and Blalock have demon-
strated the existence of communica-
tions between endocrine and immune
system, which are mediated via inter-
cellular messengers (3). Moreover, they
demonstrated, for the first time, that
peptides such as ACTH are indeed
produced by immune cells. Recipro-
cally, it has also been shown that some
cytokines are synthesized in the central
nervous system following peripheral or
central infections, ischemy or neu-
rodegenerative diseases (4).

These data allowed the emergence
of a new research field which is called
neuroimmunolgy or even psychoneu-
roimmunology and which includes en-
docrinology, immunology and neuro-
biology (5). However, because of the
complexity of nervous and immune
system in mammals, the study of these
interactions is a difficult task. Inverte-
brate models have been particularly

useful to understand the fundamental
physiological mechanisms involved in
development, apoptosis, aging and im-
munity. Between the numerous hor-
monal messengers produced in im-
mune cells (2), this review is dealing
with non-classical opioid peptides, and
it will compare the role of these pep-
tides to those of classical opioids in the
modulation of the immune system
both in vertebrate and in invertebrate
species (6-9).

I- STRUCTURE AND BIOSYN-
THESIS OF NON-CLASSICAL
OPIOIDS PEPTIDES

Opioid are schematically divided
into three different classes of active
peptides (enkephalins, dynorphins and
endorphins), which been found in
mammals (10), and more recently in
invertebrates (7). These opioids pep-
tides like almost all neuropeptides, are
synthesized via the proteolytic pro-
cessing by prohormone convertases
(11), of larger inactive precursor mol-
ecules i.e. proenkephalin (proEnk),
prodynorphin (proDyn) and proopi-
omelanocortin (POMC) (7,12). Re-
gardless to opioid peptide sequence,
these peptides shared the common the
N-terminal sequence i.e. the YGGFX
sequence which is responsible of their
activity.

Since the discovery of enkephalins
(7), a number of other endogenous
opioid peptides have been found and
they share in common the YP dipep-
tide N-terminal sequence. These pep-
tides are able to bind to sigma or mu
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Table 1. Non-classical Opioids peptides family
found in vertebrates.

Name Sequence
MIF-1 PLGamide
Tyr-MIF-1 YPLGAmide
Tyr-W-MIF-1 YPWGamide
Tyr-K-MIF-1 YPKGamide
Hemorphin-4 YPWT
Hemorphin-7 YPWTQRF
VV-Hemorphin-7 LVVYPWTQRF
Valorphin VVYPWTQ
Spinorphin LVVYPWT
B-casomorphin-5  YPFVE

B -Casomorphin-8 YPFVEPIP

B -Casomorphin-5 YPFPG

B -Casomorphin-7 YPFPGPI
Cytochrophin-4  YPFT
Endomorphin-1 YPTFamide
Endomorphin-2 YPFFamide
morphiceptin YPFPamide

opiate receptors (Table 1) (13-16)
whith a high selectivity e.g. endomor-
phin-1 has 4000 and 15000-fold bind-
ing selectivity to the p-opiod receptor
over 8 and k-opioid receptors. This al-
lowed Zadina and colleagues to pro-
pose that these peptides are natural
endogenous lignads for p-opioid re-
ceptors and belongs to a novel family,
the non-classical opioids peptides one
(13-16). Most of the peptides of this
new family are hemoglobin or casein-

Table 2. Non-classical Opioids peptides family
found in invertebrates.

Name Sequence

MIF-1 PLGamide

LORF IPEPYVWD,
IPEPYVWDamide

Hemorphin-like SVVYPWTQTF

derived opiate peptides i.e. hemor-
phin-4, endomorphins (16,17), are
present in nervous tissues and have en-
docrine effects (13-17). They have
been found both in vertebrates and in
invertebrates (18-22). Several in vitro
and in vivo studies revealed that
hemoglobin, casein are processed into
bioactive peptides such like neo-
kyotorphin, =~ VV-hemorphin-4, a
bradykinin-potentiating peptide, caso-
morphins, exomorphins (23). LVV-he-
morphin-7, derived from beta-, gam-
ma-, delta- or epsilon- chains of
human hemoglobin has been found in
cerebrospinal fluid (CSF) of patients
suffering from cerebrovascular bleed-
ings, but not in CSF from healthy in-
dividuals (18). Hydrolysis of hemoglo-
bin by aspartyl protease such like
pepsin, cathepsin D will allow produc-
ing in the course of the peptic hydrol-
ysis, LVV-haemorphin-7, VV-haemor-
phin-7 and VV-haemorphin-4 (24). In
leeches, fragment of beta hemoglobin
has recently been found and it shares at
its C-terminal side, a hemorphin-like
peptide (Salzet, Unpublished data)
(Table 2). Casein degradation gener-
ates small peptides acting like hemor-
phins as opioid peptides (23, 24). By
contrast, MIF-1 (PLGamide), Tyr-
MIF-1 (YPLGamide), Tyr-W-MIF-1
(YPWGamide), Tyr-K-MIF-1 (YP-
KGamide) are endogenous peptides
not deriving from the cleavage of larg-
er proteins (16). MIF-1 has also been
found in leeches like another non-clas-
sical opioid, the leech osmoregulator
factor (IPEPYVWDamide) and its
cleavage products i.e. IPEP, YVW-
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Damide (20-22). However, its precur-
sor is still unknown. Nevertheless, two
possibilities can be envisaged either
LOREF is derived from non-hemic oxy-
gen binding protein N-cleavage prod-
uct, the hemerythrin (25) or from a
completely novel precursor. Recently,
we demonstrated that hemerythrin
gene is present in leech brain (Delof-
fre, unpublished data). In this context,
this sustains the first hypthesis that
LOREF derived from an aspartyl pro-
tease action on the hemerythin protein
to generate it like for hemorphins. It
has to be noted that LORF is also pres-
ent in mammals’ brain tissues (22).

[I- NEUROIMMUNE ACTIONS

These peptides have been found in
the nervous systems of mammals and
in vitro they like hemorphin-7 regulate
the release of growth hormone and
prolactine in the male rat (26). It also
mimics the effects of the ones previ-
ously found with morphine and other
p-opioid peptides receptor agonists
(26). Endomorphins like morphine are
able to produce short acting anti-no-
ciception (27) and exhibit vasodilatory
actions in rat and rabbit through mul
or mu2 receptors like opioid peptides
(27). However, little is known about
their distributions or concentrations in
tissues as cardiovascular or gastro-in-
testinal. First isolated from bovine
spinal cord, whose sequence matches
a conserved region of beta-hemoglo-
bin, spinorphin inhibits enkephalin-
degrading enzymes and is analgesic.
Recently, spinorphin was reported to

block neutrophil activation induced by
the chemotactic N-formylpeptide N
Formylmethionyl-leucylphenylalanine
(fMLLF), suggesting a potential role as
an endogenous negative regulator of
inflammation (28). Spinorphin induced
calcium flux in normal mouse neu-
trophils, but was inactive in neu-
trophils from mice genetically deficient
in the fMLF receptor subtype FPR
(N-formylpeptide receptor). Consis-
tent with this, spinorphin induced cal-
cium flux in human embryonic kidney
293 cells transfected with mouse FPR,
but had no effect on cells expressing
the closely related fMLF receptor sub-
type FPR2. Despite acting as a calci-
um-mobilizing agonist at FPR, spin-
orphin was a weak chemotactic agonist
and effectively blocked neutrophil
chemotaxis induced by fMLF at con-
centrations selective for FPR (28).
Spinorphin did not affect mouse neu-
trophil chemotaxis induced by con-
centrations of fMLF that selectively
activate FPR2. Thus, spinorphin
blocks fMLF-induced neutrophil
chemotaxis by acting as a specific an-
tagonist at the fMLF receptor subtype
FPR (28).

Recently, Jessop et al. (29) have
demonstrated the presence of endo-
morphins in mammalian immune tiss-
es (spleen, thymus, 29). Moreover, as
opioid peptides (Fig. 1), these peptides
seem to be implicated in neural, neu-
roimmune and autoimmunoregulatory
signaling (6, 29). These phenomena
have been supported by studies docu-
menting the presence of stereo specif-
ic opioid receptors on specific leuko-
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Activitory effect Inhibitory effect
T Lymphocyte
(stimulate cellular proliferation)
Enkephalins Enkephalins
B Lymphocyte
Ig G
ACTH (1-39)
Peptide B/enkelytin and -MSH
Hemoglobin IgE
antibacterial peptide <
M h <
dorphi acrophage
B endorphin (phagocytosis) y
/ Hemorphins
NK cells LORF
(cytotoxic cells)

Figure 1. Inflammation modulation by classical opioids peptides and non-classical opioids pep-
tides. ACTH: aderoncorticotrophin hormone, MISH: melanostimulating bormone,

LORE: leech osmoregulator factor

cytes, i.e., granulocytes, and nerve cells
(6). Additionally, these cells express the
actual signaling molecules used for this
chemical signaling, including the ex-
pression of mRNA (6). Opioid pep-
tides induce immunocyte chemotaxis
as well as initiate the release of cy-
tokines (6) and methionine-enkephalin
is now considered as a cytokine (30). In
invertebrates, these same signaling
peptides induce chemotaxis and the re-
lease of mammalian-like cytokines (6),
including interleukin-1,-6 and tumor
necrosis factor-a. Furthermore, inver-
tebrate immunocytes contain both 81
and 82 opioid receptors, which also oc-
cur on human granulocytes (6), sup-
porting their presence and significance
in immune signaling in invertebrates.

In recent years hemorphin struc-
tures have been identified as naturally

occurring peptides in brain, plasma,
and cerebrospinal fluid (18). In vitro
release of these peptides revealed that
the major lysosomal enzyme cathepsin
D constitutes a good candidate for the
in vivo release of two hemorphins:
LVV-hemorphin-7 and VV-hemor-
phin-7 (31). Moreover, Hemorphin
generation by mice peritoneal
macrophages has been recently re-
ported. Because lysosomes are believed
to be the main site of degradation in
the endocytic pathway, a study on their
potential implication in the generation
of hemorphins from Hemoglobin was
recently investigated (32). When this
protein is submitted to purified rat liv-
er lysosomes, an early generation of
hemorphin-7-related peptides, detect-
ed by a radioimmunoassay, was ob-
served. These peptides seemed to be
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relatively stable during the first hours
of hydrolysis. This confirms the fact
that immune cells are able to generate
these molecules, which can be release
in the circulation during phagocytosis.

Thus involvement of these peptides
in immune response seemed to be in-
teresting. In fact, sensory nerves me-
diate peripheral inflammation via the
release of sensory peptides at the site of
tissue injury. Using a blister model of
inflammation, Sanderson et al. (33)
have previously documented that en-
dogenous opioids modulate chronic
but not acute inflammation. By con-
trast, hemorphins might play a role in
inhibiting the inflammatory response
in acute, but not in recurrent or chron-
ic injury conditions via a pre-terminal
action on opioid receptors (33, 34).
This reflects that different endogenous
inhibitory mechanisms may operate
under different injury conditions; en-
dogenous hemorphins and opioids
peptides may modulate acute and
chronic inflammation, respectively.

In invertebrates, displacement stud-
ies of endomorphins or MIF-1 for
*DHM binding to mu3 specific mor-
phine receptor present in immuno-
cytes revealed a lack of affinity. Am-
perometric determination of nitric
oxide release (NO) in real-time,
demonstrated that morphine stimu-
lates in leeches NO release, supporting
earlier observations (35) whereas en-
domorphins or PLGamide does not
(19,36), suggesting that these peptides
are really near from opioids family
than the opiates ones. At the contrary,
LOREF heptapeptide is able to inhibit

immunocytes activation through NO
release like morphine does (22).
Interestingly, antifungal and anti-
bacterial activities were detected in the
hemolymph and gut contents of the
cattle tick, Boophilus microplus (37).
This peptide is identical to a fragment
of the bovine alpha-hemoglobin. A
synthetic peptide based on the se-
quence obtained showed characteriza-
tion data identical to those of the iso-
lated material, confirming its structure.
The synthetic peptide was active in mi-
cromolar  concentrations  against
Gram-positive bacteria and fungi.
These data suggest that this antibac-
terial activity detected in tick gut con-
tents is the result of enzymatic pro-
cessing of a host protein, hemoglobin.
Ticks may use this activity as a defense
against microorganisms (37). In clear
this reflects that hemoglobin during
inflammation can process like a neu-
ropeptide precursor in antibacterial
peptide and non-classical opioid pep-
tides. We recently demonstrate the
same things with other oxygen binding
proteins e.g. hemerythin in Annelids
(25) and in mollusks for hemocyanin
(Bachere et al., personal communica-
tion). These molecules are processed
to generate antibacterial, antifungal
peptides and bioactive peptides that
modulate the inflammation (37, 38).
These results have to be linked to
the presence of antibacterial peptides
on proenkephalin A precursor i.e.
synenkephalin, enkelytin, peptide B
(8,38-42). Indeed, these antibacterial
peptides, with their high antibacterial
activities further associate opioid pep-
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tides with immune related activities.
We surmise, that immune signaling
may lead to enhanced proenkephalin
proteolytic processing freeing both opi-
oid peptides and antibacterial peptides
(8,38-42). In this scenario the opioid
peptides would stimulate immunocyte
chemotaxis and phagocytosis as well as
the secretion of classical cytokines.
During this process the simultaneous-
ly liberated proenkephalin fragment
having antibacterial activities would at-
tack bacteria immediately, allowing
time for the immune stimulating capa-
bilities of opioid peptides to manifest it-
self. This hypothesis is supported by the
presence of specific Met-enkephalin re-
ceptors. Moreover, antibacterial pep-
tides inactivation release in both inver-
tebrates and human, new powerful
immune stimulatory factors i.e. Met-
Enk Arg Phe and Met-Enk (38, 43).
Taken together, these demonstrate
that classical opioids precursors like
the non-classical ones are immune
modulators of inflammation.

VASCULAR ACTIONS
Stefano and colleagues (44) demon-

strate that the confinement of opiate
receptors to the nervous and immune
systems has been broadened to sever-
al other cell types. In fact, endothelial
cells may represent a target for the opi-
ate substances. Endothelial cells (hu-
man arterial and rat microvascular)
contain a high-affinity, saturable opiate
binding site presumed to mediate the
morphine effects, that is stereo selec-
tively and characteristically antago-

nized by naloxone (44). Experiments
with endothelial tissue and aortic ring
of rats cultured in vitro demonstrate
that morphine exerts direct modulato-
ry control over the activities of en-
dothelial cells, which leads to vasodi-
latation. It induces the production of
nitric oxide, a process that is sensitive
to naloxone antagonism and nitric ox-
ide synthase inhibition (44). In contrast
with that of opiates, the administration
of opioid peptides does not induce ni-
tric oxide production by endothelial
cells. In other reports, they demon-
strate that this induced endothelial
down-regulation also manifests itself in
lowing immunocyte activity, i.e., adhe-
sive actions see (6,45), demonstrating a
dynamic communication of immune
cells with the endothelium. In this sce-
nario, we can now include the non-
classical opioid peptides family. In fact,
we demonstrate that LORF is coupled
to nitric oxide (NO) release in human
saphenous vein in a manner, which is
inhibited by a nitric oxide synthase in-
hibitor (22). Moreover, like hemor-
phins or casomorphins (46). LORF in-
hibits the action of vasopressic enzyme,
the angiotensin-converting enzyme
(ACE) in intravenous injection con-
ducting to a high hypotension (47).
The decapeptide hemorphin was
isolated in high yield (1.5 nmol/ml)
from bronchoalveolar lavage (BAL)
fluid from a patient with an adenocar-
cinoma of the lung (48). This peptide,
termed LVV-hemorphin-7 represents
residues 32-41 of the beta-chain of he-
moglobin and has been shown to be an
endogenous ligand for opioid recep-
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tors. The N-terminal flanking peptide
of LVV-hemorphin-7 [residues (1-31)
of hemoglobin beta-chain] was also
isolated in high yield. Neither peptide
was detected in BAL fluid from the tu-
mor-free lung of the same patient or
from patients with non-neoplastic in-
flammatory lung disease. LVV-hemor-
phin-7 was not identified in BAL flu-
id from seven additional patients with
non-small cell lung cancer, indicating
that the formation of the peptide is
unlikely to be of any diagnostic signif-
icance. However, the ability of LVV-
hemorphin-7 to inhibit angiotensin-
converting enzyme suggests that its
formation may be of pathophysiologi-
cal significance in the regulation of tu-
mor blood flow in certain patients (48).

Moreover, interestingly, recently it
has been demonstrated that An-
giotensin IV (Ang IV), the 3-8 frag-
ment of angiotensin II (Ang II), binds
to a distinct receptor designated the
AT(4) receptor. The peptide elicits a
range of vascular and central actions
including facilitation of memory re-
tention and retrieval in several learning
paradigms. The human neuroblas-
toma cell line SK-N-MC cells express
a high-affinity Ang IV binding site
with a pharmacological profile similar
to the AT(4) receptor: (125)I]-Ang IV
and (125)I]-Nle(1)-Ang IV bind specif-
ically to the SK-N-MC cell mem-
branes (K(d) = 0.6 and 0.1 nM) in a sat-
urable manner (B(max) = 1.2 pmol/mg
of protein). AT(4) receptor ligands,
Nle(1)-Ang IV, Ang IV and LVV-
haemorphin 7 (LVV-H7), compete for
the binding of [(125)I]-Ang IV or

[(125)I]-Nle(1)-Ang IV to the SK-N-
MC cell membranes with rank order
potencies of Nle(1)-Ang IV > Ang IV
> LVV-H7 with IC(50) values of 1.4,
8.7 and 59 nM ([(125)I]-Ang IV) and
1.8, 20 and 168 nM ([(125)I]-Nle(1)-
Ang IV), respectively. The binding of
[(125)I]-Ang IV or [(125)I]-Nle(1)-
Ang IV to SK-N-MC cell membranes
was not affected by the presence of
GTP gamma S. Both Ang IV and he-
morphin stimulated DNA synthesis in
this cell line up to 72 and 81% above
control levels, respectively. The AT(4)
receptor in the SK-N-MC cells is a
180-kDa glycoprotein; under non-re-
ducing conditions a 250-kDa band was
also observed (49).

Finally, several studies in cardiolo-
gy have shown that hemorphins ap-
peared to be released when patients are
subjected to open-heart surgery using
a heart-lung machine. In these condi-
tions, immunocytes can be lysed by
mechanical contact. In these circum-
stances, the level of hemorphin-7 in-
creased in patient plasma (18). These
data have to be reliable with the
increase levels of B-endorphin,
enkephalins (43). This allow to hy-
pothesis that endocrine or paracrine
pathways linked non-classical opioids
peptides to opioid ones through brain
and immune systems activation.

CONCLUSION

There is a growing interest on stud-
ies that based on detailed analysis of
the immunity mechanisms in inverte-
brates that are directly used in verte-
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brates. Two examples reflect such re-
mark. The first one is the panoply of
anti-bacterial peptides found in inver-
tebrates that constitutes the major el-
ement of the innate immunity (50).
Some similar peptides are present in
vertebrates and in invertebrates and
also in plant e.g. the defensin. These
molecules seem to be well adapted to
offer a first defense line against
pathogens. The second one is illus-
trated by the recent work of Medzhi-
tov (51). This team has demonstrated
in human the presence of a Toll re-
ceptor, initially discovered in Insects
(52). Thus, the discovering of such re-
ceptor implicated in the initiation of
the innate response reflects the useful
of simple models. Such results have
suggested that the innate response is
conserved in course of evolution and
this type of immunity would allow
combating pathogens during take place
of the specific immune response. Nev-
ertheless, this will occur if different
messengers are produced by nervous
and/or immune systems informing of
the presence of pathogens on the or-
ganisms or modulator factors of the in-
flammatory immune response. Such
chemical signaling molecules are opi-
oids and now we can add non-classical
opioids peptides playing in such bi-di-
rectional information exchanges, so
called neuroimmunity.
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ABSTRACT

Background: Since the last century, Claude speculation for the present report was ob-
Bernard supposed that not only endocrine  tained from our results and scientific literature.
glands but many organs in the organism have  Results: Evidence are now given that immune
the ability for "internal secretion”. Moreover,  expressed endocrine markers like neuropep-
evidences that identical biogenic amines and  tides, biogenic amine, neuropeptide process-
peptides hormones were found in neurones  ing enzymes, regulated secretion pathway. In
and in amine precursor and uptake decar-  clear,immune cells expressed like the brain an
boxylation cells located in different organs endocrine phenotype during pathogen attacks.
firstly confirmed his visions of the endocrinol-  Conclusions: It is now time to suggest some
ogy. The existence of a diffuse neuroendocrine  revisions of the fundamental postulate of clas-
system (DNES) concept was born. This discov-  sical endocrinology. One of the new definitions
ery was completed since this last decade by the s now to consider that we can speak about en-
evidence of a cross-talk between nervous and  docrine phenotype not only in the brain, the
endocrine systeminvolved inthe stability ofthe  DNES but also in the immune system. This phe-
organism. The psychoneuroimmunity field notype must be under the control of master
knocked to the door of many endocrinologists  genes which are over expressed during insult,
as well as of immunologists. pathogenesis or aging. These genes have now
Method and Investigations: The data andthe  to be identified.

Key Words: Placebo, Endocrine definition, Neuroimmunity, Hormones, Immunocytes, Processing
enzymes

One of the major foresights of the  ty for "internal secretion” (1). The ev-
last century was Claude Bernard idences that identical biogenic amines
(1855). He was the first to suppose that  and peptides hormones are found in
not only endocrine glands but many  neurones and in amine precursor and
organs in the organism have the abili-  uptake decarboxylation (APUD) cells
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located in different organs firstly con-
firmed his visions of the endocrinolo-
gy (2). The existence of a diffuse neu-
roendocrine system (DNES) concept
was born (2). Recently, weigent and
Blalock demonstrate that communica-
tion and reciprocal regulation between
the nervous, endocrine and immune
systems are essential for the stability of
the organism, these three systems use
the same signalling molecules. (3)
Among others, cytokines, hormones
and neuropeptides have been identified
as messengers mediating the commu-
nication between the three systems (4,
5). Moreover, in the last few years var-
ious animal models have served to
study neuroimmune mechanisms con-
firming the view of communication be-
tween the neuroendocrine and im-
mune systems via neuropeptide
signalling and through specific recep-
tors (6-8). These include neuropep-
tides such as corticotrophin releasing
hormone (CRH), adrenocorticotroph-
ic hormone (ACTH), monoamines
(epinephrine, norepinephrine and
dopamine), glucocorticoids, free radi-
cals, cytokines such as interleukin (IL)-
1, IL-6 and Tumor Necrosis Factor
(TNF), opioid peptides, opiates and
endocannabinoids (4-8).

Another emerging function of neu-
ropeptides within the immune system
is their direct roles in defence. Peptides
with antibacterial properties have been
shown to be derived from neuropep-
tide precursors such as proenkephalin
and chromogranin B (8-14). The role
of neuropeptide precursors in immu-
nity, through the release of antibacter-

ial peptides, is an entirely novel con-
cept. The biosynthetic pathway that
leads to the production of biologically
active neuropeptides begins with the
synthesis of large inactive precursor
proteins which are cleaved at specific
paired or single basic residues within
the Golgi secretory pathway (15). It is
a family of subtilase-like pro-protein
convertases (SPCs) (15) that is largely
responsible for these processing events
that activate precursor proteins into
neuropeptides. The SPCs have been
extensively studied in both neural and
endocrine systems. However, much
less is known concerning their expres-
sion, regulation and role within the im-
mune system at the basal level (15, 16)
or their function during microbial
challenge (4). We recently demonstrate
that SPC functions are important since
differential expression of SPCs and the
resulting cleavage patterns determine
the nature and biological activity of the
peptide products. Thus, depending on
the pattern of SPC expression, a sin-
gle protein precursor can give rise to
different peptides with diverse biolog-
ical activities like antimicrobial sub-
stances (secretolytin, enkelytin/peptide
B, dermaseptins (9-13, 17) or chemoat-
tractant factors (Methionine-
enkephalin) (7, 8). Moreover, process-
ing of "true" proantibacterial peptide
precursors like prodefensins by neu-
ropeptide processing enzymes is also
novel (18-22). Alpha-defensins are a
class of defensins expressed in human
and other mammalian neutrophils and
Paneth cells of the small intestine.
They are synthesized as 90-100 amino
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acid preprodefensins, with a 19 amino
acid signal sequence, a ~45 amino acid
anionic propiece and a 29-40 amino
acid C-terminal mature cationic de-
fensin (18). The removal of the anion-
ic propiece is an activation step that
converts the inert prodefensin to an-
timicrobial mature defensin (20-22).
Serine protease, aspartyl-protease,
metalloproteinase are the enzyme(s)
yet known implicated in the process of
prodefensins to defensins in neutrophil
(18-22). The processing of neutrophil
defensins bears resemblance to that of
peptide hormones (1-3).
Therefore, enzymatic processing, in-
cluding differential processing events,
is a key mechanism to generate an an-
timicrobial defence in tissues like neu-
ropeptides in the neuroendocrine sys-
tem.

Evidences are also given that at least
four different types of granules are
formed during maturation of neu-
trophil granulocytes in the bone mar-
row (23). Functional properties of re-
lease from the different granule
populations differ in several respects
from characteristics of neurotransmit-
ter release; the best understood secre-
tory process in mammals. To gain di-
rect access to the secretory machinery
and study the regulation, mechanisms,
and effectors of Ca2+-dependent neu-
trophil secretion, method of plasma
membrane permeabilization using
streptolysin O was developed by Ligeti
and collaborators (23). The authors
confirmed previous studies that per-
meabilized neutrophils secrete in re-
sponse to calcium alone, but as a

various

biphasic Ca2+ dose-response. Secre-
tion is detectable at <1.0 microM Ca2+
and reaches a plateau between 1.0 and
60 to 80 microM. When stimulated
with >80 microM Ca2+, secretion is
two- to threefold greater than at low-
er [Ca2+], suggesting that two distinct
mechanisms of Ca2+-dependent secre-
tion that differ in their affinity for
Ca2+ exist in neutrophils. Although
permeabilization allows 100% leak of
lactate dehydrogenase, maximum se-
cretion from permeabilized cells is
80% that of f-met-leu-phe-stimulated
intact cells, indicating that the essential
components of the Ca2+-dependent
secretory apparatus are predominantly,
if not entirely, membrane bound. Per-
meabilization causes leakage of 100%
of annexins V and VI, but 41% of an-
nexin [ and 12% of annexin III are re-
tained. Immunofluorescence
croscopy revealed that retained
annexins I and III are associated with
granule membranes. Addition of solu-
ble annexins I and III to permeabilized
cells increased Ca2+-induced secretion
up to 15% and 90%, respectively, im-
plying that both annexins participate in
this secretory pathway (23). Recent
data support the concept that the (lyso-
somal type) azurophil granules, but not
the specific granules, are secreted
through the endosomal pathway (24).
However, in a human disease (Chedi-
ak-Higashi syndrome), the defect of
the secretory pathway affects mainly
the cells of the haemopoietic lineage;
Taken together, these data suggest that
regulated exocytosis from neutrophil
granulocytes (or perhaps also from

mi-
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other haemopoietic cells) may repre-
sent a specific case of the general
mechanism of secretion.

Considering all the above data, the
aim of this letter is to now suggest
some revisions of the fundamental pos-
tulate of classical endocrinology. One
of the new definition is now to consid-
er that we can spoken about endocrine
phenotype not only in the brain, the
DNES but also in the immune system.
This phenotype must be under the
control of master genes which are over
expressed during insult, pathogenesis
or aging. These genes have now to be
identified but one of the major must be
the one which is implicated in granule
secretion formations.
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