Menununckas Hayka Apmennn HAH PA '3 2011 49

YK 577.152+615.277+616.155.16

Hemorphin-7 regulates interleukin-2 promoter activity by
Ca’'/calmodulin/calcineurin/NFAT signaling pathway

O.V. Hunanyan

H. Buniatian Institute of Biochemistry NAS RA
5/1 P.Sevag str., 0014, Yerevan, RA

Kaywords. hemorphin-7 (H-7), calcineurin, NF-AT, IL-2 promoter

Hemorphin-7 (YPWTQRF, H-7) is a member of the hemorphins
family, an endogenous nonclassical opioid peptides derived from hemoglobin
(Hb) [for review see Ref.17]. All hemorphins, whatever their source,
originated from the same region of the B-chain of Hb (residue 31-40 of
bovine and residue 32-41 of human Hb), named LVV-hemorphin-7 [12]. By
using in vivo microdialysis in combination with electrospray mass
spectrometry processing of H-7 from LVV-hemorphin-7 in rat brain and
blood was shown [21]. It should be mentioned that catepsin B participates in
the generation of hemorphins-7, LVV-hemorphin-5 and hemorphins-5 from
LVV-hemorphin-7 in vitro, acting both as dipeptidyl carboxypeptidase and
endopeptidase [2]. H7 has been reported to be the most potent among the
hemorphins in p-opioid receptors (MOR) binding [26]. The MOR were
reported to exert anti-inflammatory properties, and MOR agonists were
claimed to be new therapeutic molecules for treating autoimmune and
inflammatory diseases [19]. H-7 was reported to inhibit the acute
inflammatory response to substance P (SP) by binding to MOR [20]. It was
shown the small, but significant passage of hemorphin-7 across the blood-
brain barrier [17]. Hemorphin-7 has a capacity to release 3-endorphin from
pituitary tissue into circulatory system [17] and, likewise B-endorphin,
regulates the hypothalamo-pituitary-adrenocortical (HPA) axis activity [8].
Ca’/calmodulin (CaM) - dependent protein phosphatase 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 o (TNFa) and other cytokines and
regulatory proteins via dephosphorylation (activation) and nuclear
translocation of NFAT (nuclear factor of activated T cell), family members
[22]. NFAT transcription factors cooperate with AP-1(activator protein-1)
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proteins (Jun/Fos) in DNA binding and transactivation, and this association
results in stabilization of the NFAT-DNA interaction [15]. It should be
emphasized that besides AP-1, other transcription factor NFkB also plays a
critical role in the induction of IL-2, TNFa and others cytokines genes [10].
Thus, AP-1 and NFkB are partners of both NFAT and calcineurin by
participation in the regulation of several cytokines and otherproteins gene
transcriptions. Importantly, the involvement of calcineurin and NFxB in
immunological synapse formation has also been reported [25]. Earlier it has
been shown that 5 hemorphins (VVYPW, VVYPWT, LVVYPWT,
VVYPWTQR, LVVYPWTQREF) isolated from bovine hypothalamus are able
to modulate the brain calcineurin activity by binding to CaM, demonstrating
concentration-dependent biphasic response to enzyme activity [9]. Later,
using synthetic LVV-hemorphin-4 the same biphasic response was observed
on lymphocytes calcineurin activity at the same concentration range as in
case of its action on brain calcineurin activity [4]. Because recently it has
been found out that H-7 affects DNA-binding activity of transcription
factors NFAT AP-1 and NF«kB [5], it is suggested that H-7 may modulate
lymphocytes calcineurin activity. Therefore one of the goals of the present
work is to determine if H-7 is also able to modulate lymphocytes calcineurin
activity. Hemorphins were shown to affect IL-2 synthesis in both
physiological and pathophysiological conditions and IL-2 receptor
expression in human T lymphocytes suppressed by tumor product [4, 16].
Therefore, the next goal of the present work is to examine if H-7 may
regulate IL-2 promoter activity in stimulated human Jurkat T leukaemia
cells. In the experiments synthetic H-7 was used.

Materials and Methods

Calcineurin activity assay. Lymphocytes were isolated from fresh
venous blood of healthy volunteers (35-40 yrs. old) by Ficol-verografin
gradient centrifugation (1.077 g/ml, 400g). Cells were cultured in RPMI 1640
medium (Sigma) and supplemented with 5% heat-inactivated fetal calf
serum (FCS), 2 mM L-glutamine, and 1 mM sodium pyruvate. Calcineurin
activity was measured by spectrofluorimetric assay wusing 4-
methylumbelliferyl phosphate (4-MUP) as a substrate [1]. A typical enzyme
assay was performed in 1 ml of incubation mixture, containing 50 mM Tris-
HC], pH 7.6, 0.5 mM DTT, 1 mg/ml bovine serum albumin (BSA), 1 mM
MgCl,, 0.3 mM CaCl,, 1 uM MUP, 30 x 10° lymphocytes (as enzyme
preparation) and H-7 (at concentration ranging from 10° to 10*M). After
incubation at 32°C for 1 h with stirring, the reaction was stopped by



Menununckas Hayka Apmennn HAH PA '3 2011 51

addition of 0.25 ml of 30%- trichloracetic acid. After centrifugation at 5000x
g, the pH of supernatant was adjusted to 8.0 by addition of 0.5 ml of 1 M
Tris. The quantity of 4-methylumbelliferon (4-MU) was determined
fluorimetrically using a Perkin-Elmer MPF-44A spectrofluorimeter. The
fluorescence was measured at 445 nm (exitation at 365 nm). As control the
substrate and enzyme were incubated separately. One unit of enzyme
activity is defined as an amount of enzyme that caused formation of 0.1 nM
of 4-MU at 32° C for 1 hr. When the mutual effect of H-7and trifluoperazine
(TFP) (10* M) on calcineurin activity was studied, they were preincubated
with lymphocytes for 10 min at room temperature, then substrate was
added. The same approach was used to study the effect of EDTA (10-3 M) on
lymphocytes calcineurin activity.

Cells and Transient DNA Transfections. Human Jurkat T leukaemia
cells were cultured in RPMI medium supplemented with 5% fetal calf
serum. They were transfected by IL-2 promoter (300 bp)-luciferase-reporter
gene construct. Jurkat T cells were placed into 6-well dish (1,5 ml of 5x10°
suspension per well) and 5 pg of plasmid DNA was transfected into 5x10°
Jurkat T cells in the presence of “SuperFect” transcription reagent (Qiagen)
according to the manufacturer’s protocol. Then transfection plate was
incubated for 5hrs, at 37°C/5%CQO,. 1hr before inducing the cells with TPA
(12-O-tetradecanoylphorbol-13 acetate;10 ng/ml final concentration) and
ionomycin (0, 5 pM final concentration) cells were treated with H-7 (in
concentrations range from 10 to 10"*M). Cells were incubated for 20 hrs at
37°C/5%CO0O, and then harvested for luciferase activity.

Luciferase Assay. Luciferase catalyzes the release of light upon
addition of luciferin and ATP. The relative luciferase activity was assayed
and quantified by measurement of light production. The photon production
by catalytic oxidation of luciferin occurs from an enzyme intermediate,
luciferyl-AMP.

Luciferin + ATP — Luciferyl-AMP + PP

Luciferyl-AMP + O, — oxyluciferyl + light

Relative luciferase activity was measured by luminonometer
(Berthold, Germany), ising the dual luciferase reporter system from
Promega.

Statistical analysis

The results were expressed as the means + SEM. Data were analysed
statistically by one-way ANOVA using GraphPad Prism 4 software.
Statistical significance indicates p < 0.05.

Results and Discussion
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To investigate the influence of synthetic H-7 on human blood
lymphocytes calcineurin activity, peptide was used at concentrations of 107
to 10* M. Before using blood lymphocytes were lysated by 0.05 % Triton X-
100. It should be noted that the incubation mixture did not contain
exogenous CaM, because it is considered that lymphocytes contained
sufficient for detection of

Fig.1 Effect of hemorphin-7 (H-7) on human blood lymphocytes total phosphatases
activity. The phosphatase activity determined in incubation mixture, containing

50 mM Tris-HCIL, pH 7.6, 0.5 mM DTT, 1 mg/ml BSA, 1 mM MgCI,, 0.3 mM CaClI,, 1uM
4-MUP, 30 x 10° lymphocytes at 32°C for 1 h was taken as 100%. H-7, TFP (10*M) or EGTA
(ImM) were preincubated with lymphocytes for 10 min at room temperature, then substrate
was added. Data are presented as means + SEM. *p < 0.001.

calcineurin activity amounts of endogenous CaM. Indeed as one can see in
the presence of 1 mM EGTA the total phosphatase activity of blood
lymphocytes decreases by 50,7% (Fig.1.). It has been shown that H-7 at
concentrations 10° to 10* M increases the blood lymphocytes total
phosphatase activity (25-26, 5%). The same peptide at concentrations of 10~
- 10® M induces statistically significant inhibition of blood lymphocytes
total phosphatase activity (52,3-45,5%) (Fig.1). Earlier it was demonstrated
that hemorphins were bound with both N- and C-terminal domain of CaM
demonstrating higher affinity to N-terminal domain [6]. It seems very likely
that different Ky values for binding of hemorphins to N- and C-terminal
domain of CaM may explain this concentration-dependent biphasic effect of
hemorphins on calcineurin activity [6]. The mutual effect of TFP (CaM
antagonist and calcineurin inhibitor) and H-7 on blood total phosphatase
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activity has been studied. The results obtained have revealed that when the
incubation mixture contains both hemorphin (in nM concentration) and
TFP (10* M), a reduction of the inhibitory effect, caused by each of these
compounds separately, takes place [4]. These results may be explained by our
earlier finding pointing that hemorphins change the sensitivity of CaM to
TFP and other its antagonists [3]. It is likely that the binding sites for
hemorphins and TFP on the surface of CaM are different, but they influence
each other within the ternary complex (CaM-hemorphin-TFP).

Fig.2. Hemorphin-7 negatively regulates IL-2 promoter activity in nM concentrations in
human Jurkat T cells transfected with IL-2 promoter-luciferase reporter gene construct. Data
are presented as mean + SEM, *p < 0.05

All above mentioned indicates that modulation of total phosphatase
activity of blood lymphocytes under the influence of H-7 is due to the
activation/inhibition of lymphocytes calcineurin activity.

It has been demonstrated that H-7 in nM concentrations negatively
regulates (by 44.5%) IL-2 promoter transcriptional activity (Fig.2). As it was
mentioned above H-7 inhibits DNA binding activity of NFAT and AP-1 (by
38, 7 and 49,8% respectively) in nM concentrations [5]. It should be noted
that activation of NFAT by calcineurin is sensitive to calcineurin inhibitors
and immunosuppressive agents, such as cyclosporin A and FK506 [11].
Moreover, it is proposed that H-7 regulates IL-2 promoter activities by
Ca®/CaM/ calcineurin/ NFAT signalling pathways. The ability of
hemorphins to regulate transcriptional activity may explain their anti-
cancer, anti-inflammatory and immunoregulatory properties [4, 7, 16, 20,
24].

It is known that NFAT proteins are activated under different stimuli
that lead to increased intracellular calcium concentrations [22]. Besides
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participation in cytokines gene expression properties, NFAT family members
have been shown to regulate other genes related to cell cycle progression,
cell differentiation and apoptosis, revealing a broader role for these proteins
in normal cell physiology. However, it has been reported that NFAT family
members participate in malignant cell transformation and tumorigenic
processes as well [13-14, 23]. Importantly, calcineurin is also involved in
pathophysiology of cancer [18]. It is proposed that hemorphins, demonstrate
a wide spectrum of biological activity, likewise other neuropeptides. They
serve as factors that switch on compensatory system in the organism. This is
based on several mechanisms and implication of different signaling pathways
in order to recover the homeostatic disturbance in the organism. Better
understanding the mechanisms by which NFAT proteins can be regulated by
members of endogenous protective system will be useful for development of
a new generation of drugs without side effects for treatment of severe

diseases, including cancer.
Iocrynwumra 31.08.11 r.

zZEunpdhu-7-p yupquynpmd | IL-2-h wyjpnuninkpp
wlwnhynpniip Ca*/juunnni ht/jughtyph/NFAT-Jujujuy
wqnuipwbwghtt ninhukpnyg

O. 4. Znitiwmiyut

dhpotipu unwgyl) tu wnyjuitp, npntp Juynid bt wjt dwupl,
np  hbunpbht -7-p (H-7) pulhdnd E wU  Ynbughunmpughwubph
wnhpnypnid YuE-h hkwn mpwbulphwyghntt gnpéntikp NFAT b AP-1-h
juwniudp: Pusybu hwynuh k, Juighulfphtp dwubwlgnmd E dh owpp
ghuinjhuutnh, tkpunjw) htnbpEyhu-2-h (IL-2) vhiptqh ypngbunud®
hwdwgnpduljgkiny upywsd mpwutuljphwyghnt gnpéntiutnh htwn: Uy huy
wuwndwnny wpwohtt wuquu niumdbwuhpybty E H-7-h wqpbnipeniup
1hudnghnutiph Yuyghubyphuth wyunhynipjut ypu: Fuguhwjndty L, np
H-7-p hwiughuwiund b (hubnghwnubph Jughubjphth wliwnhynipjut
Yupquynphy’ uutin] upungmihh htwn: H-7-p, huswbu twpiyh-
unid nuumdtwuhpywé wy htdnpdphtubpp, wpwowgumd E nnqu-
Yujuu) hwjupwl wqpkgnpnt juightubjphuh whnpnpjub Jpu:
Zujnuwpbpws b, np wyju whywuhnp WU §nughtinpughwubph whpny-
pnd puldnid E Juyghubyphh wwnhynipniup: Snyg k nipjuwsd wnweht
wbqud, np H-7-p uU nugktinpughwttph mhpnypnud puydnud k IL-2-
h wpnunnbph wpwbulphyghnt winhynipniup Jurkat T-pohottpnid:
Ujuyhuny, yupqupwidby £ np Ca*/jujdnnniht/jughulypht/NFAT-
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Juwpyw) wqnutipwbwht ninhttpp yuwnwuppwbwwnne Ea H-7-h° IL-2-h
wpnunnbph wpubulphyghnt whnpynpjut ypw jupgqunjnphs wqnk-
gnipjult hwdwn:

Ujuyhuny, unugyus wndjujivkpp Jjuynid &t wyt dwuht, np
htunpdhuttpp Jupny Eu nwudb] opquihquh wwownwywuhy hwdw-
Jupgh gnpénuttph pwpphl, npnug giluwynp tyuwnwlt £ yuwhwywik)
opquihquh phuwdhl hwjwuwpwlyopnipniup, npp jpwbqupymd k
wwpplp wwpninghwtbkph nhypmd, tkpwnjw] pungltnp:

I'emopdun-7 perymupyer akTUBHOCTD IpoMoTepa IL-2 wepes
Ca*/xanmsmopmymun/xamsnureiipu/NFAT curHaabHEIE Ty TH

O. B. YHauan

HepmaBHO 6GBUIM IOJTy4eHBI JaHHBIE, CBU/ETEIBCTBYIONIME O TOM, 4TO
remopdun-7 (H-7) uarubupyer B HM KOHIIEHTpaLMAX CBA3bIBAHME TPAHC-
kpunuuoHHEIX ¢akTopoB NFAT u AP-1 c monexynoit JHK. Kak u3BecTtHO,
KaJIbLIMHEHPUH KOHTPOJUpYeT CuUHTe3 psga nutokuHoB (IL-2 u gmp.) Ha
YpOBHE TPAaHCKPUIIIIMY T'€HOB, B3aUMOJEHCTBYS C YKa3aHHBIMU TPAaHCKPHUII-
IuoHHBIMU dakTopamu. [loaToMy B maHHOI paGoTe BIlepBble GBLIO U3yYeHO
BiaugHue H-7 Ha aKTUBHOCTD KalbIIMHEHPHHA ITUM(OIIUTOB KPOBU YeIOBEKA.
O6Hapy»xeHo, uro H-7 peryaupyer akTHBHOCTh (pepMEHTA IIyTeM CBSA3bIBa-
HUA C KaJIbMOAYJIMHOM, BBI3BIBAS 03a-3aBUCHUMBIH pa3sHOHAIIPABIeHHBIH
3¢ deKT Ha aKTUBHOCTh KanblnuHelipuHa. [lokasano, 4¥To npu HM KOHIeHT-
panuax H-7 umarubupyer akTMBHOCTH KajbljiHeiipuHa. BrepBrie oGHapy-
’xKeHo, 4To H-7 mozasigeT TpaHCKPUIIIIMOHHYIO aKTUBHOCTS ITpoMoTepa 1L-2
B Jurkat T-xmerkax uwepes Ca’/xambmomymun/kansiuneiipun/NFAT
CUTHajJIbHBIe IIyTH. lloNy4eHHBIe [aHHBIE IIO3BOJIAIOT 3aKJIIOYUTBH, YTO
reMOpGUHBl  SABJIAIOTCA WIEHAaMU OHAOTEHHOH 3alUTHOH CUCTEMOM
OpraHM3Ma, IJIaBHAA IIeJb KOTOPBIX BOCCTAaHOBHUTH T'OMEOCTAa3, HapyIIeHHBIH
IIpY Pa3HBIX IIATOJIOTUAX, BKJIIOYAS 3/I0KAYeCTBeHHBIE OITyXOJIH.
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