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Hemorphins, a family of endogenous nonclassical opioid peptides derived
from haemoglobin (Hb), are presented in the CNS [11, 30], peripheral tissues
[54] and body fluids [22]. These peptides have been shown to demonstrate a
wide spectrum of biological activities by affecting different receptors function
(e.g. O-, O-, O- opioid receptors [55], angiotensin IV (ATy4) receptor [36],
bombesin receptor subtype 3 (hBRS-3) [31] and corticotrophin releasing
hormone receptors) [4]. All hemorphins, whatever their source, originate from
the same region of the [J-chain of Hb (residue 31-40 of bovine and residue 32-
41 of human HbD); a peptide with this sequence is named LVV-hemorphin-7
(LVVYPWTQRF, LVV-H7) [22]. Earlier we have proposed that hemorphins
could be formed in the organism during physiological or pathophysiological
conditions as a result of limited proteolysis of Hb or Hb-like protein of nervous
tissue [10]. Indeed, brain high molecular weight (HMW) aspartic proteinase has
been shown to generate LVV-hemorphin-7 from the [J-chain of Hb by cleavage
of Leu™-Leu’' and Phe*-Phe’' bonds [10]. The same enzyme presented in
erythrocytes membrane was identified as a cathepsin E [29]. It should be also noted
that [J- and [J-globin mRNAs have been identified in mouse brain, implying the
synthesis of globin in the CNS [39]. It has been shown that brain cathepsins E,
D and B [3, 18, 29] participate in the cascade mechanism of hemorphins
generation in vitro and it is proposed that the same mechanism of hemorphin
generation takes place in vivo. Indeed, by using in vivo microdialysis in
combination with electrospray mass spectrometry in vivo processing of LVV-
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hemorphin-7 in rat brain and blood was studied. Several hemorphins were
formed, including LVVYPW in both brain and blood [47].

LVVYPW, also named mielopeptide-2 (MP-2), isolated for the first time
from the supernatant of bone marrow cell culture, displays anti-tumor effect by
restoring the activity of CD4+ T cells suppressed in tumor-bearing organisms. It
has been demonstrated that MP-2 induces the restoration of interleukin-2 (IL-2)
synthesis and IL-2 receptor (IL-2R) expression, depressed by tumor cell
metabolites [135, 43(7].

It is of particular interest our finding that hemorphins in vitro modulate
calcineurin activity in the brain and immune system by binding with calmodulin
(CaM) (I8, 150 both in Ca*'-dependent and Ca*-independent manner [24],
exhibiting a concentration-dependent biphasic response to enzyme activity. It
should be underscored that hemorphins are able to modulate calcineurin activity
both in vitro and in vivo [15, 8, 9, 13].

Calcineurin is Ca®"/calmodulin (CaM)-dependent protein phosphatase,
also known as a phosphatase 2B. This heterodimeric enzyme consists of
catalytic, CaM binding A subunit (CNA) and regulatory, Ca*"-binding B
subunit (CNB) [J490]. Earlier we have shown that hemorphins are able to
regulate calcineurin basal activity in the absence of Ca®" and CaM. We have
proposed that in this case hemorphins may regulate the enzyme activity by
binding with CNB [15], which demonstrates 35% of sequence homology with
CaM (1101,

Calcineurin is known as a key enzyme in the signal transduction cascade
leading to T cell activation. This enzyme controls gene expression of several
cytokines, including IL-2, tumor necrosis factor [1 (TNF[1) and others via
dephosphorylation and nuclear translocation of NFATc (nuclear factor of
activated T cell) family members (14901, Earlier we have shown that calcineurin
activity is down regulated in both brain and plasma of rats, inoculated with
sarcoma-45 (S-45), and administration of LVVYPW has shown to recover
calcineurin activity reduced in pathophysiology of S-45 [12]. The results
obtained have indicated that calcineurin is involved in the molecular
mechanisms of anticancer effect of LVVYPW [12] and other hemorphins [9].
Because calcineurin participates in gene expression and production of IL-2 via
CN/NFAT pathways, it is clear why the anti-cancer effect of LVVYPW is bound
with restoration of IL-2 synthesis suppressed in tumor bearing organism [J350].
LVVYPW induces the increase of calcineurin [12] activity, and calcineurin, in
turn, stimulates IL-2 synthesis on gene transcription level. It is of great interest
that CNB itself has been reported to exert anti-cancer effect [28].

The immunosuppressive drugs cyclosporin A (CsA) and FK506 are
inhibitors of calcineurin [34]. They are natural, but not endogenous compounds.
Both these compounds exert their inhibitory action on calcineurin activity by
binding to immunophilins (cyclophilin A and FKBP12, respectively) [13477. It
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is proposed that hemorphins, being modulators of calcineurin activity, may have
a functional link with immunophilins.

Earlier we have shown that hemorphins change the sensitivity of CaM to
its antagonists (trifluoperazine, chlorpromazine, W-7, vinblastine and vincris-
tine) [I50]. All of these compounds are drugs that are implicated in the
treatment of different diseases, including cancer [132, 51, 53(]. Therefore in
1992 it was predicted that hemorphins had good prospects for applied medicine
as a drug without side effects (1507,

Interestingly, CaM antagonists vinblastin and vincristine exhibit anti-
cancer properties by binding with tubulin. They block microtubule polyme-
rization, and thereby disrupt mitotic spindle formation during mitosis. Cell
death results from an inability to segregate chromosomes properly. It is worth
mentioning that calcineurin has been reported to affect assembly of tubulin into
microtubules in pathophysiology [32]. This is additional confirmation that
molecular mechanisms underlying anti-tumor effect of MP-2 involve
calcineurin.

The involvement of hemorphins in pathophysiology of cancer [9,12,16],
diabetes [13, 21] and Alzheimer’s disease [44] has also been reported. It should
be emphasized that during the mentioned pathologies an alteration of
hemorphins concentrations in the organism takes place [16, 21]. These findings
give us reason to propose that hemorphins may be used as drugs for the
treatment of these diseases. Indeed, studying the role of hemorphins in
pathophysiology of diabetes, stress and cancer, we have discovered the
homeostatic effect of hemorphins in pathophysiology of the mentioned diseases
[9, 12-14].

Very recently by using differential scanning microcalorimetry, we have
demonstrated that hemorphins (LVVYPW, LVV-hemorphin-7 and hemorphin-
7) induce in vivo changes in the value of enthalpy of DNA, isolated from S-45,
treated with hemorphin in comparison with S-45 DNA. It is necessary to
underscore that hemorphins, depending on their structure, differently affect the
value of enthalpy during in vivo treatment of sarcoma-45 [9, 12]. This fact
indicates to some differences in their function. Furthermore, the formation of
DNA-hemorphin complex has been detected in vitro by differential absorbance
spectra measurement [9, 12]. The pleiotropic nature of hemorphins allows them
to act based on several mechanisms and by implication of different signalling
pathways. It has been shown [8-9,13,15, 57, 58] that molecular mechanisms,
underlying hemorphins actions in the brain and immune system, involve
integrated effects of Ca2+/calmodulin, calcineurin,3[150-cyclic AMP, redox-
pathway, and further signalling molecules.

Today proteomics, quantitative analysis technology is routinely used in
clinical diagnosis, and it has been applied in the investigation of different
diseases, including cancer, diabetes, neurological diseases etc.
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Since 2005, by getting DAAD research grant, we have investigated
together with Dr. F. Lottspeich and Dr. J. Kellermann (Max-Plank Institute of
Biochemistry, Martinsried) the effect of treatment by hemorphin on mouse
brain proteome pattern.

As a result of our collaboration some parts of our data obtained have been
published and reported on international conferences [6-7, 14].

In the present paper we will introduce our data obtained by using two
independent quantitative proteomic technologies: ICPL (isotope-coded protein
label) and 2-D DIGE (2-dimentional fluorescence difference gel electrop-
horesis) for identification of regulated by ip injection of LVVYPW proteins in
mouse brain [2, 48].

Materials and Methods

Animals and hemorphin treatment. In the experiments were used male
mice of C57BL/6 strain, age 14 weeks (25-30 g). For each experiment the mice
were injected with saline or hemorphin (LVVYPW) at doses of 280ug/kg. In
order to reinforce the effect of hemorphin, ip administration of hemorphin was
done twice (the second injection was done 1h after the first one) and the animals
were sacrificed 2 h after the second injection.

Brain tissue protein samples preparation. Brain proteins were isolated as
described elsewhere [2, 48] with some modifications. In order to prepare the
samples for 2-DE, corresponding parts of the brain of 20 mice were
homogenized with lysis buffer, containing 8M urea, 2M thiourea, 4% CHAPS
and protease inhibitors (0.5 mM PMSF, 1uM pepstatin, 100 uM leupeptin,
lng/ml aprotinin). The homogenate was sonicated 3 times for 10 sec with 30
sec intervals. After 1 h incubation at room temperature the homogenate was
centrifugated for 35 min at 100 000 x g and the supernatant was frozen at -70°
C until use.

For further ICPL labelling the brains of 20 mice were homogenized with
6M Guanidine-HCI and 0.1 M HEPES containing buffer, pH 8.5. All other
conditions and procedures were the same as mentioned above.

Isotopic labelling of proteins with ICPL was done according to the
method of Schmidt et al. [J480]. The brain samples from 2 experimental mice
treated with the same hemorphin were labeled with the °C and deuterium
version of ICPL-label respectively, and compared to the control mice brain
samples, tagged with 'C ICPL-label. These three samples were mixed together
and Triplex-ICPL aliquots were separated by 2-D gel electrophoresis.

For DIGE analysis 50 pg protein per sample were labeled with 400 pmol
N-hydroxy succinimidyl ester derivates of the cyanine dyes (Cy3 and Cy5)
according to the manufacturer’s guidelines (GE Healthcare Bio-Sciences,
Amersham ple, UK). The internal pooled standard was prepared from equal
protein amounts of each biological sample and labeled with the Cy2
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fluorophore. After labelling, Cy2, Cy3 and Cy5 labeled proteins were combined
and dissolved in 400 pl rehydration lysis buffer, containing 8 M urea, 2 M
Thiourea, 4 % CHAPS, 40 mM DTT and 2 % Pharmalyte (pH 3-10).

Enzymatic digestion of 2D-gel spots, MALDI target preparation and
MALDI-TOF-TOF analysis

The protein spots were in-gel digested with trypsin (12ng/pl in 25 mM
NH4HCO;). The tryptic digests were concentrated and desalted using ZipTip C-
18 reversed-phase tips (Millipore, MA, USA). Peptides were eluted with o-
cyano-4-hydroxycinnamic acid (Bruker Daltonics, Bremen, Germany) in 50%
Acetonitrile/0.1%TFA and then spotted on MALDI steel target plates (Applied
Biosystems, CA, USA). Mass spectra were acquired using a Proteomics
Analyzer 4700 (MALDI-TOF-TOF) mass spectrometer (Applied Biosystems,
CA, USA). A total of 2500 shots were carried out for both the MS- and MS/MS
spectra. The modified proteins were identified by searching against the Swiss-
Prot database using an in house version of MASCOT. Quantitative nano-LC-
MALDI-MS/MS was also used for 2-D DIGE analysis.

It should be mentioned that for identification of some proteins (e.g.
ferritin heavy chain, published for the first time in the materials of international
conferences in 2008, see Ref. 6-7), tubulin alpha-1B chain, and isoform 2 of
serine-treonine protein phosphatase 2B catalytic subunit 1 were used standard 2-
D PADE approach. Gel images were analyzed using the Progenesis SameSpots
(Nonlinear) software which performs gel alignment, spot detection and inter-gel
normalization.

DIGE gels were analyzed in the “DIGE with internal standard”
workflow.

For control of the technical and biological variations within samples and
gels, five biological replicates per group were analyzed in both approaches.

Results and Discussion

As it has been mentioned above, hemorphins level is down regulated in
plasma of patients with diabetes and breast cancer [16, 21]. The changes in the
level of hemorphins have been observed in the Alzheimer’s disease brain post-
mortem (44). These findings give us reason to propose that hemorphins may be
used as drugs for the treatment of these diseases. Indeed, studying the role of
hemorphins in pathophysiology of diabetes, stress and cancer, we have
discovered the homeostatic effect of hemorphins in pathophysiology of the
mentioned diseases. It is suggested that in pathophysiological conditions the
generation of hemorphins in the organism is disturbed. In the present work by
using proteome analysis technology we have revealed proteins identified in
healthy mouse brain as regulated in response to treatment with LVVYPW.
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Fig. 1. 2-D gel electrophoresis of 1mg mouse brain sample (A); 2-D gel electrophoresis

of 1, 25 mg Triplex-ICPL aliquots (B); Proteins were visualized by fluorescent staining

with Sypro Ruby. Spots were picked by automatic spot picking (C). Proteins were in-gel
digested by trypsin, eluted and analyzed by MALDI-MS-MS.

Fig. 2. Selected 2-D gel region of mouse brain protein samples. A and B are
experimental mice N16 and N17 treated by the same hemorphin (LVVYPW) and
showing up regulation of ferritin expression. C and D are control mice N8 and N15, treated
by saline (the data were introduced for the first time in International Conference
“Biotechnology and Health”-2 & DAAD Alumni seminar, Yerevan, Armenia,

April 21-25, 2008).
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Table
Identification of mouse brain proteins regulated by intraperitoneal (ip)
LVVYPW injection
N Anova Fold Gene name Protein
()
1 0,025 2,1 Ncald neurocalcin-delta
2 0,017 1,9 Cplx1 complexin 1
3 0,009 1,9 Cplx2 complexin 2
4 0,001 1,9 Pea-15 isoform 1 of astrocytic
phosphoprotein PEA-1
5 0.003 1.8 Ppia peptidyl-prolyl cis-trance isomerase
6 0,002 1,8 Ndufs3 NADH dehydrogenase [ubiquinone]
iron-sulfur protein 3, mitochondria
7 0,005 1,5 Ndufs8 NADH dehydrogenase [ubiquinone]
iron-sulfur protein 8, mitochondria
8 0,004 1,7 SOD1 superoxide dismutase, [Cu-Zn] SOD
1
9 0,002 1,6 Calb 1 calbindin, Ca2+—binding EF hand
protein
10 0,004 1,6 Park7 Parkinson’s disease associated DJ-1
protein (autosomal recessive early
onset)
11 0,012 1,5 Fabp7 fatty acid binding brain protein
12 0,03 1,5 It 74 intraflagellar transport protein 74
(IFT 74)
13 0,005 1,5 ApoE apolipoprotein E
14 0,007 1,6 Hebpl hem-binding protein-1
15 0,002 2,6 Txnl thioredoxin
16 0,002 2,6 Glrx5 glutaredoxin-related protein 5
17 0,017 1,9 Tubalb tubulin alpha-1B chain
18 0,01 1,5 Ppp3rl protein phosphatase 3 Regulatory
subunit B
alpha isoform, type 1
19 0,03 2,2 Ppp3ca isoform2 serine-treonine protein
phosphatase 2B catalytic subunit 1

Functional characteristics of the identified proteins

Neurocalcin-delta (also known as visinin-like protein -3, VILIP-3) is EF
hand Ca**-binding protein, which is the most abundantly expressed in Purkinje
cells of the cerebellum. The specific interaction of this protein with clatrin
heavy chain, [J- and -[J tubulin and actin has been reported [25]. The interaction
of neurocalcin-delta with the mentioned proteins indicates to its participation in
Ca*"-dependent changes in cytoskeletal organization and in the regulation of
endocytic events. The interaction between VILIP-3 and microsomal cytochrom
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bs was also reported [40]. It is of special interest that neorocalcins are direct
targets of insulinotropic agent repaglinide [41]

Complexins (CPLXs) are SNARE (soluble N-ethyl-maleimide-sensitive
fusion attachment protein receptors) complex-associated proteins that modulate
synaptic exocytosis and regulate late step in Ca*-dependent neurotransmitters
release [46]. CPLX II expression is altered in different neurological diseases,
including Huntigton’s disease [37].

Isoform 1 of astrocytic phosphoprotein PEA-15

Phosphoprotein enriched in astrocites- 15 kDa (PEA-15), a major small
cytoplasmic astrocytic phsphoprotein, is a PKC substrate. PEA-15 induced
insulin resistance in type 2 diabetes [52] results from a dysregulation of the
balance between the activities of PKC [] and PKC [1. PEA-15 demonstrate both
tumor promotion (e.g. skin tumor) and tumors suppressor function (e.g. breast
and ovary cancer) [20].

Peptidyl-prolyl cis-trans isomerase

Immunophilins (Iphs) possess peptidyl-prolyl cis-trans-isomerase
activity. They form complexes with immunosupressant drugs cyclosporine A
and FK506, which inhibit the activity of calcineurin [34]. It has been reported
that immunophilins can be used for the treatment of neurodegenerative diseases
[23]. The involvement of Iphs in pathophysiology of cancer was also shown
[38].

NADH dehydrogenase [ubiquinone] iron-sulfur protein 8 mitochondria
(Ndufs8)

represent Complex [ of mitochondrial respiratory system. Defect in
Ndufs8 causes Leigh syndrome (LS). LS is a severe neurological disorder
characterized by bilaterally symmetrical necrotic lesion in subcortical brain
region [19].

NADH dehydrogenase [ubiquinone] iron-sulfur protein3 (Ndufs3)
mitochondria

Complex I (NADH ubiquinone oxidoreductase), often called NADH
dehydrogenase (oxidized NADH) transfers two electrons to ubiquinone. Signifi-
cant loss of complex I activity was found in frontal cortex of Parkinson’s
disease [42].

Supeoxide dismutase [Cu-Zn] (SODI)

SODI1 as other types of SOD catalyses the dismutation of the superoxide
anions and is the most important antioxidant enzyme. SODI is involved in
pathophysiology of neurodegenerative diseases, stress, inflammation. It is
necessary to emphasize that overexpression of SOD1 in mice causes axonal
degeneration, mitochondrial vacuolization and premature motoneuron death
[26]. The functional link between SOD1 and immunophilins in familiar
amyotrophic lateral sclerosis was reported [33].
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Thioredoxin and Glutaredoxin

Oxidative stress, which is associated with an increased concentration of
reactive oxygen species (ROS), is involved in the pathogenesis of numerous
diseases including cancer. In response to increased ROS levels, cellular
antioxidant molecules such as thioredoxin, peroxiredoxins glutaredoxins, DJ-1,
and supeoxidere dismutases are up regulated to counteract the detrimental effect
of ROS. Thioredoxin, DJ-1 and glutaredoxins, which are up regulating in many
human cancer types, correlating with tumor proliferation, survival, and chemo-
resistance. These molecules serve as potential targets to treat cancer [45].

Calbindin

Ca*"-binding EF hand protein calbindin has neuroprotective properties
via regulation of intracellular calcium levels and suppresses the signaling phase
of apoptosis. It should be underscored that calbindin is involved in
pathophysiology of both diabetes and cancer [50,51].

Parkinson’s diseases associated DJ-1 gene protein (autosomal
recessive, early onset)

Mutation in the DJ-1 gene causes autosomal recessive Parkinson’s
disease. The implication of DJ-1 in pathophysiology of tumor as well as
diabetes was reported [27].

Fatty acid-binding protein of mouse brain

The protein encoded by FABP7 is a brain fatty acid binding protein.
FABPs are a family of small, highly conserved, cytoplasmic proteins that bind
long chain fatty acids and other hydrophobic ligands. It has been reported that
FABPs are involed in fatty acid uptake, transport, and metabolism.

Intraflagellar transport protein 74 (IFT74)

IFT74 is a component of intraflagellar transport system responsible for
vesicular transport of material synthesized within the cell body into and along
the dendritic and axonal processes of neurons.

Apolipoprotein E

The apolipoprotein E, a genetic risk factor for sporadic Alzheimer’s
disease (AD), is also involved in pathophysiology of type 2 diabetes and cancer
[17] . In the CNS Apo E is implicated in repair, synaptogenesis, nerve growth
and development.

Heme-binding protein-1

One of the main roles of the cytoplasmic heme-binding protein-1 (PhuS)
of Pseudomonas aeruginosa is participation in intracellular heme trafficing and
iron homeostasis.
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The proteins mentioned in the Table were identified as regulated by
LVVYPW treatment in mouse brain proteome pattern. Among these proteins
there were proteins involved in the regulation of calcium homeostasis, as well
as redox pathway. It should be noted that most of mentioned proteins have
functional interaction with hemorphins and it has been reported their
involvement in pathophisyology of cancer, diabetes and neurodegenerative
diseases. This fact is confirmed by our previous functional data obtained during
more than 25 years, which testify to the possibility to use hemorphins for
creation of new effective complex drugs for the treatment of severe diseases,
including cancer and diabetes.

The authors have declared no conflict of interests.
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Ulukph qjjunintinh ypnunkndhh tdniptibpnid hkdnpdhup
utpnpnjuyuyghtt tbkpupdudp wpwewugws thnthnhunipeiniuubpp

L. 2. Pupjunigupyul, $. N Uwpntuwiyul, 2. 2. Qupupjul,
. Lnnpuuyju, 8. Uk Epdw

Uhpwnkiny pwbwlulwuit wpnubtndhlh wjiyhuh Jdkpngubp,
husytiu ICPL (Ynnuynpywd hgnuinuytipny tpwnpdus uyhnwlnigutph
Yhpwndwdp) b DIGE ($yninplugkughuyny wnwppbpynn uyhwnwlnig-
utph tphswh gh-EiEjnpndnptq), C57BL/6 gsh dlutph qpluninbnnud
(wpnt, 14 wduwlwt) puguhwyngl) Bu uyghwnwynigutp, npnug Epuw-
phuhw jupquynpynd £ hbdnpbhuh (LVVYPW) ubkpnpnjuybwght
ubpupyuwdp: Ughwunwynigubph pugwhwjnnidt  hppuubwugdt; k
MALDI-MS-MS dwu-uytlinpnubnphwih hpwndwdp: Fpwbg pyht Eu
yuwnjuind wjt uyhwnwlnigubpp, npnup tkpgpuydus tu wjtyhup
dwip hhyuwinmpmutbph wwpnphghninghwymd, huywybu pungybnp,
owpwpuwhinp, ubpnpighubpunhy hhyuwunnipniuutpp (Uyghbjdtph,
Nwpyhtiunth hhwunnipniuubp b wy): Znpqusnid tkpjuyugdus tu
dvhujt wyt uyhwnwlnigubpp, npntg Epuypbuhwt jupquynpynud k
htunpdhuny ny wwlwu, put 1.5 wiquuny: Unwugdws wnljujukpp
niukt Jhpwowlwb tpwbwlnipni, pwih np bywuwnnd Eu htdnp-
dhuttiph Yhpundwdp unp wpynitwybn ninudhengutph uintnsdwn:
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HN3menenns B 00pa3nax NpoTeoOMHUKA roJIOBHOIO MO3Ia MbIIIEH,
BbI3BAHHbI¢ BHYTPUOPIOIIMHHON HHbEeKIUEl reMoppuHa

H.A.bapxynapsn, ®.I1.Capyxansn, J.A. 3akapsis, ®. JorTmmnaiix,
H. KeniepmaHu

Hcnonp3ys Takne METOIBI KOTUYECTBEHHOTO mporeommuka, kak ICPL (c
WCIIOJIb30BaHNEM OENKOB, MEUEHHBIX KOAMPOBaHHBIMH H3oTomamMu) U DIGE
(IBYMEpHBIH Teb-3JeKTpodope3 OCIKOB, pa3IUYaroIIUXcs Mo (GIIroopeciieH-
[IMX), B TOJIOBHOM Mo3re MbImeit muaun C57BL/6 (camirel, Bo3pacT 14 Hemenn)
ObUTM HACHTU(QHULUPOBAHBI OEJKH, 3KCIPECCHS KOTOPHIX PpeEryIupoBajach
BHYTpHOpIomMHHONW wuHBeKIHed remopduna (LVVYPW). Unentudpukanus
OenkoB mpoBoAMiack ¢ ucroib3zoBanueM MALDI-MS-MS macc-criekTpoMer-
puueckoro aHanusza. K dnciy 3tux GenkoB oTHOCATCS O€JIKM, BOBJICUECHHBIE B
naTo(U3HONIOTHIO TaKUX TSDKENbIX 3a00NeBaHMM, Kak pak, nualer, Heipone-
reHepaTuBHbIe 3a0oneBanus (Oone3Hb Aunblreiimepa, Ilapkuncona u ap.). B
cTaThe TPUBENCHBI JHIIb T€ OCNKU, DKCIPEcCHs KOTOPBIX PETYJIHpyeTcs re-
Mop¢uHOM HEe MeHee ueM B 1.5 paza. [lomydueHHBIC TaHHBIC HMEIOT IIPUKITATHOE
3HAUYEHHUE, IOCKOJIbKY OTKPBHIBAIOT HOBBIE TNEPCHEKTHBBI AJS JalbHEHIIEero
TPaMOTHOTO WX HCIOJb30BaHUS NpPU CO3AaHUH 3(PPEKTUBHBIX KOMILUIEKCHBIX
JIEKapCTBEHHBIX MPETIapaToB.

References

1. Aitken A., Klee C.B., Cohen P. The structure of the B subunit of calcineurin. Eur. J.
Biochem., 1984, 139:663-671.

2. Alban A, David S.O., Bjorkesten L. et al. A novel experimental design for comparat
two-dimensional gel analysis: two-dimensional difference gel -electrophoresis
incorporating a pooled internal standard. Proteomics, 2003, 3:36-44

3. Barkhudaryan N. Hemorphins:Processing and possible mechanism of action in the brain
and immune system. Proc. Int. Conf. “Biochemical and Molecular-Biological Aspects
of the Brain Immune System” A. Galoyan (ed), Encyclopedia Publishing House,
Yerevan, 2001, p.132-139.

4.  Barkhudaryan N. In vivo microdialysis is a tool to study the mechanism of interaction
between LVV-hemorphin-7 and brain serotonergic system. Proc. Int. Conf.
“Biotechnology and health” & DAAD Alumni Seminar, Yerevan, 2005, p. 32-42.

5. Barkhudaryan N., Barsegyan K., Avetisian N., Zakaryan T., Galoyan A. The changes of
the sensitivity of calmodulin against its antagonists under the influence of hypothalamic
coronaro-constrictory peptide factors. Neurokhimia (RAS&NAS RA), 1992, 11: 228-
234.

6. Barkhudaryan N., Dosch D., Gabrielyan A., Kellermann J., Lottspeich F. Identification
of Ferritin as Potential Target for Hemorphin in Mouse Brain. Neurochem. Res., 2008,
33:1162-1163.

7. Barkhudaryan N., Dosch D., Gabrielyan A., Kellermann J., Lottspeich F. Study of the
effect of hemorphins on mouse brain proteome by using different proteome analysis
approaches. Proc. Int. Conf.” Biotechnology and health” & DAAD Alumni seminar,
Yerevan, 2008, p.36-41.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Menununckas Hayka Apmennn HAH PA 1. LVI Ne3 2016 19

Barkhudaryan N., Gambarov S., Gyulbayazyan T., Nahapetyan K. LVV-hemorphin-4
modulates Ca**/calmodulin-dependent pathways in the immune system by the same
mechanism as in the brain. J. Mol. Neurosci., 2002, 18:203-210.

Barkhudaryan N.H., Hunanyan O.V., Sarukhanyan F.P., Stepanyan H.M., Zakaryan
H.H., Grigoryan LE., Dalyan Y.B. Study of molecular mechanism of anti-cancer effect
of hemorphin-7 in vivo. Medical. Sci. Arm. NAS RA, 2012, LII: 21-33.

Barkhudaryan N., Kellermann J., Galoyan A., Lottspeich F. High molecular weight
asparic endopeptidase generates a coronaro-constrictory peptide from the [l-chain of
hemoglobin. FEBS Lett., 1993, 329:215-218.

Barkhudaryan N., Oberthuer W., Lottspeich F., Galoyan A. Structure of hypothalamic
coronaro-constrictory peptide factors. Neurochem. Res., 1992,17:1217-1221.
Barkhudaryan N.H., Sarukhanyan F.P., Garybyan D.V., Stepanyan H.M., Grigoryan
LE., Dalyan Y.B. LVVYPW demonstrates the ability to affect DNA structure. Proc. Int.
Conf.” Biotechnology and health” & DAAD Alumni seminar, Yerevan, 2009, p. 21-29.
Barkhudaryan N., Sarukhanyan F., Kellermann J., Lottspeich F. Calcineurin and p-
opioid receptors are involved in the molecular mechanisms of anti-diabetic effect of
LVVYPW. Med. Sci. Arm. NAS RA, 2011, L1:33-42.

Barkhudaryan N., Zakaryan H., Sarukhanyan F., Gabrielyan A., Dosch D., Kellermann
J, Lottspeich F. Hemorphins act as homeostatic agents in response to endotoxin-induced
stress. Neurochem. Res., 2010, 33:925-933.

Barsegyan K., Barkhudaryan N., Galoyan A. The investigation of the effect of native
and synthetic coronaro-constrictory peptide factors on Ca®’, calmodulin-dependent
phosphoprotein phosphatase activity. Neurokhimia, 1992, (RAS & NAS RA), 11:141-
149.

Cohen M., Fruitier-Arnaudin 1., Sauvan R., Birnbaum D., Piot J.M. Serum levels of
hemorphin-7 peptides in patients with breast cancer. Clin.Chim. Acta, 2003, 337:59-67.
Chen Y-Ch., Pohl-G., Wang T.-L. Apolipoprotein E is required for cell proliferation and
survival in ovarian cancer. Cancer Res., 2005, 65:331-337.

Dagouassat N., Garreau 1., Sannier F., Zhao Q., Piot J.M. Generation of VV-
hemorphin-7 from globin by peritoneal macrophages. FEBS Lett., 1996, 382:37-42.
Dahl HH. Getting to the nucleus of mitochondrial disorders: identification of
respiratory chain- enzyme genes causing Leigh syndrome. Am.J. Hum. Genet., 1998,
63:1595-1597.

Formizano P., Perruolo G., Libertini S., Santopietro S., Troncone G., Raciti G.A.,
Oriente F., Portella G., Miele C., Beguinot F. Raised expression of the antiapoptotic
protein ped/pea increases susceptibility to chemically induced skin tumor development.
Oncogene, 2005, 24:7012-7021.

Fruitier-Arnaudin 1., Cohen M., Nervi S., Bordenave S., Sannier F., Piot J.M. Reduced
level of opioid peptides, hemorphin-7 peptides, in serum of diabetic patients. Diabetes
Care, 2003, 26: 2480.

Glamsta E.L., Meyerson B., Silberring J., Terenius L., Nyberg F. Isolation of a
hemoglobin-derived opioid peptide from cerebrospinal fluid of patients with
cerebrovascular bleedings. Biochem. Biophys. Res. Comm., 1992,184:1060-1066.

Gold B.G. Neuroimmunophilin ligands: evaluation of their therapeutic potential for the
treatment of neurological disorders. Expert. Opin. Investig. Drugs, 2000, 9:2331-2342.
Horvath L., Barkhudaryan N., Galoyan A., Ovadi J. Calmodulin is a potent target for
new hypothalamic neuropeptides. FEBS Lett., 1990, 276:197-200.

Ivings L., Pennigton S.R., Jenkins R., Weiss JR., Burgoyne R.D. Identification of Ca*"
dependent binding partners for the neuronal calcium sensor protein neurocalcin
delta:interaction with actin, clatrin and tubulin. Biochem.J., 2002, 363:599-608.
Jaarsma D. Haasdijk E.D., Grashorn J.A., Hawkins R., van Duijn W., Verspagel H.W.,
London J., Holstege J.C. Human Cu/Zn superoxide dismutase (SOD1) overexpression
in mice causes mitochondrial vacuolization, axonal degeneration, and premature
motoneuron death and accelerates motoneuron disease in mice expressing a familial
amyotrophic lateral sclerosis mutant SOD1. Neurobiology Dis. 2000, :623-643.



20

Menununckas Hayka Apmennn HAH PA 1. LVI Ne3 2016

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Jain D., Jain R., Eberhard D., Eglinger J., Bugtliani M., Piemonti L., Marchetti P.
Lammert E. Age- and diet-dependent requirement of DJ-1 for glucose homeostasis in
mice with implication for human type 2 diabetes. J. Mol. Cell Biol., 2012, 4:221-230.
Jin F. Z., Lian M.L., Wang X., Wei Q. Studies of anti-cancer effect of calcineurin B.
Immunopharmacology and Immunotoxicology, 2005, 27:199-210.

Jupp R. A., Richards A. D., Kay J., Dunn B. M., Wyckoff' J. B., Samloff M., Yamamoto
K. Identification of the aspartic proteinases from human erythrocyte membranes and
gastric mucosa (slow-moving proteinase) as catalytically equivalent to cathepsin E.
Biochem. J., 1988, 254:895-898.

Karelin A.A., Philippova M., M., Karelina E.,V., Ivanov V., T. Isolation of endogenous
hemorphin-related hemoglobin fragments from bovine brain. Biochem. Biophys. Res.
Comun., 1994, 202:410-415.

Lammerich H.-P., Busmann A., Kutzleb Ch., Wendland M., Seiler P., Berger C.,
Eickelmann P., Meyer M., Forssmann W.-G., Maronde E. Identification and functional
characterization of hemorphins VV-H-7 and LVV-H-7 as low-affinity agonists for the
orphan bombesin receptor subtype 3. Br. J. Pharmacol., 2003, 138: 1431-1440.

Lazo J.S., Larner J.M. Individual antineoplastic drugs. In Human Pharmacology,
Molecular to Clinical, 3% ed. (Brody T. M., Larner J., Minneman K. P. eds.), Mosby, St.
Louis, MS, 1998, p. 599-613.

Lee J.P., Palfrey H.C., Bindokas V.P., Ghadge G.D., Ma L., Miller R.J., Roos R.P. The
role of immunophilins in mutant superoxide dismutase-1 linked familiar amyotrophic
lateral sclerosis. Proc.Natl. Acad.Sci.USA, 1999, 96:3251-3256.

Liv J., Farmer J.D., Jr., Lane W.S., Friedman J., Weissman I, Schreiber S.L.
Calcineurin is a common target of cyclophillin-cyclosporin A and FKBP-FK506
complexes. Cell, 1991, 66: 807-815.

Mikhailova A., Belevskaya R.G, Kalyzhnaya M., Fonina L.A., Liashenko V.A., Petrov
R.V. Mielopeptide-2 recovers interleukin-2 synthesis and interleukin-2 receptor
expression in human T lymphocytes by tumor products or measels virus. J. Immu-
nother., 2006, 29: 306-312.

Moeller I., Lew R.A., Mendelsohn F.A.O., Smith A.l., Brennan M.E., Tetaz T.J., Chai,
S.Y. The globin fragment LVV-Hemorphin-7 is an endogenous ligand for the AT,
receptor in the brain. J. Neurochem., 1997, 68:2530-2537.

Morton A.J., Faull R.L., Edwardson J.M. Abnormalities in the synaptic vesicle fusion
machinery in Huntington’s disease. Brain. Res.Bull., 2001, 56:111-117.

Obama K., Kato T., Hasegawa S., Satoh S., Nakamura Y., Furukawa Y. Overexpression
of peptidyl-prolyl isomerase-like 1 is associated with the growth of colon cancer cells.
Clin.Cancer. Res., 2006, 12:70-76.

Ohyagi Y., Yamada T., Goto I. Hemoglobin as a novel protein developmentally
regulated in neurons. Brain Res., 1994, 635:323-327.

Oikawa K., Kimura S., Aoki N., Atsuta Y., Takiyama Y., Nagato T., Yanai M., Kabayashi
H., Sato K., Sasajima T., Tateno M. Neuronal calcium sensor protein visinin interacts
with microsomal cytochrome b5 in a Ca®’-dependent manner. J.Biol. Chem.,2004,
279:15142-15152.

Okada M., Takezawa D., Tachibanaki S., Kawamura S., Tokumitsu H., Kobayashi R.
Neuronal calcium sensor proteins are direct targets of the insulinotropic agent
repaglinide. Biochem. J., 2003, 375: 87-97.

Parker W. D.Jr., Parks JK., Swerdlow R.H. Complex I deficiency in Parkinson’s
disease frontal cortex. Brain Res., 2008, 1189:215-218.

Petrov R.V., Mikhailova A., Fonina L.A. Bone marrow immunoregulatory peptide
(myelopeptides): isolation, structure, and functional activity. Biopolymers
Peptide Sci., 1997, 43:139-146.

Poljak A., McLean C.A., Sachdev P., Brodaty H., Smythe G.A. Quantification of
hemorphins in Alzheimer’s disease brain. J. Neurosci. Res., 2004, 75:704-714.

Raninga P.V., Di Trapani D., Tonissen K.F. Cross talk between two antioxidant
systems, thioredoxin and DJ-1: consequence for cancer. Oncoscience, 2014, 1:95-110.



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Menununckas Hayka Apmennn HAH PA 1. LVI Ne3 2016 21

Reim K., Mansour M., Varoqueaux F., McMahon H.T. Siidhof T.C., Brose N.
Rosenmund C. Complexins regulate a late step in Ca>*-dependent neurotransmitter
release. Cell, 2001, 104:71-81.

Sanderson  Nydahl K., Pierson, J., Nyberg, F., Caprioli, R.M., Andren
P.E. In vivo processing of LVV-hemorphin-7 in rat brain and blood utilizing
microdialysis combined with electrospray mass spectrometry. Rapid Commun. Mass
Spectrom., 2003, 17:838-844.

Schmidt A., Kellermann J. and Lottspeich F. A novel strategy for quantitative
proteomics using isotope-coded protein labels. Proteomics, 2005, 5:4-15.

Serfling E., Berberich-Siebelt F., Chuvpilo S., Jankevics E., Klein-Hessling S., Twardzik
T, Avots A. The role of NF-AT transcription factors in Tcell activation and
differentiation. Biochim.Biophys. Acta, 2000, 1498:1-18.

Thongboonkerd V., Zheng S., McLeish K.R., Epstein P.N., Klein J.B. Proteomic
identification and immunolocalization of increased renal calbindin-28k expression in
OVED26 diabetic mice. Rev. Diabetic. Stud., 2005, 2:19-26.

Tombal B., Weeraratna A.T., Denmeade S.R., Isaacs J.T. Thapsigargin induces a
Calmodulin/calcineurin-dependent apoptotic cascade responsible for the death of
prostatic cancer. Prostate, 2000, 43:303-317.

Vigliotta G., Miele C., Santopietro S., Portella G.et al. Overexpression of the ped/pea-
15 gene causes diabetes by impairing glucose -stimulated insulin secretion in addition
to insulin action. Mol.Cell. Biol., 2004, 24:5005-50015.

Wang J.-Z., Cong C.-X., Zaidi T., Grundke-Igbal I, Igbal K. Dephosphorylation of
Alzheimer paired helical filaments by protein phosphatase-2A and -2B. J. Biol. Chem.,
1995, 270:4854-4860.

Weiss B., Sellinger-Barnette M., Winkler J.D., Schechter L. E., Prozialeck W.C.
Calmodulin antagonists: structure-activity relationships. In Calmodulin Antagonists and
Cellular Physiology. Hidaka H., Hartshorne D. J., eds., Academic Press, INC., Orlando,
FL, 1985, p.45-62.

Yatskin O.N., Philippova M., M., Blishchenko E.Yu., Karelin A.A., Ivanov V.T. LVV-
and VV-hemorphins: comparative levels in rat tissues. FEBS Lett., 1998, 428:286-290.
Zhao Q., Garreau, 1. Sannier, F. Piot J.M. Opioid peptides derived from
hemoglobin:hemorphins. Biopolymers, 1997, 43:75-98.

Zakaryan H.H., Sarukhanyan F.P., Hunanyan O.V., Barkhudaryan N.H. Hemorphins
exhibit protective effect on superoxide dismutases activity during endotoxin-induced
stress in rats. Med. Sci. Arm., NAS RA., 2013, LII1:20-27.

Zakaryan T., Barkhudaryan N., Shuvalova L. Ostrovskaya M., Sharova N., Galoyan A.
Regulation of smooth muscle contraction by hypothalamic peptide factors.
Neurokhimia (RAS&NAS RA), 1990, 9:444-449.



