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The article concerns the studies of the activity of serotonin-modulating anticonsolidation protein
(SMAP), being in linear relations with serotonin, in regulation of cell proliferation and differentiation
on the embryonic model of Xenopus laevis. In the 1* series of studies the dynamics of SMAP level in
the embryos of Xenopus laevis throughout the all stages of embryogenesis and metamorphosis was
pursued with application of indirect ELISA-test. Beginning from the blastula stage till the end of the
neurula its level remained unchanged. On the following stages continuous downregulation of the
SMARP level, interrupted as a slight upregulation between the 37" stage and onset of the 39" stage,
was observed. In the 2™ series of studies, incubation of the embryos of Xenopus laevis on the blastula
and gastrula stages in fresh water containing SMAP at a dose of 50 and 100 pg/ml led to delay in de-
velopment and, finally, to death of all the embryos within 4 days of the observation. In the 3" series of
the studies, blocking of SMAP activity with the anti-SMAP polyclonal antibodies at a dose of 50 pg/ml
in the embryos of Xenopus laevis, being on the 37" stage of development, resulted in their accelerated
passing (by two stages earlier) of the metamorphosis stage relative to the intact and control groups.
Hence, if on the initial stages of embryogenesis SMAP demonstrates its cytostatic activity, on the me-
tamorphosis stage antibodies-mediated blockade of its activity, conversely, leads to accelerated pas-
sing of embryonic cells through cell differentiation.
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sessing with such activities are under meticulous
attention of the most researches dealing with the
studies of carcinogenesis and seeking ways of

INTRODUCTION

Certain stages of embryonic processes have

high level of resemblance with carcinogenesis
processes, particularly in high proliferative acti-
vity of their composing cellular elements. Along
with it, the advantage of studying embryonic sta-
ges relatively to cancer processes concludes in
that that processes of cell proliferation and diffe-
rentiation are diverged over time, mostly within
different embryonic stages. So, utilization of
embryonic models makes possible to elaborating
the approaches directed purposefully and separa-
tely on the processes of cell proliferation and dif-
ferentiation. Issuing from high proliferative poten-
tial of the cancer cells, it is clear why suppressive
effects on cell proliferation and the remedies pos-
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combating with tumor. Along with it, from the
first glance, the unusual interest to the processes
of cell differentiation and study of the underlying
molecular mechanisms, coming from the cancer-
absorbed researchers, is related to a problem of
the cancer stem cells constituting serious obstacle
in treatment of malignant tumors (Fulawkal et al.,
2014; Cojoc et al., 2015; Pan et al., 2015). The
problem of their eradication is complicated by the
fact that broadly applied chemotherapeutic prepa-
rations are ineffective against these cells.
Sometimes the struggle with cancer stem
cells is likened to the struggle with weeds: you
can chop off the weeds’ stalks many times, but
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they will grow again and again, so far their roots
still remain in the soil. The same is referred to the
cancer stem cells in the sense that the role of wo-
ods’ stalk in this case belongs to mature malignant
tumor cells, while the role of woods’ roots — to
the cancer stem cells themselves.

The goal of the present study was application
of different stages of embryonic and early stages
of development of Xenopus laevis for the purpose
of elaborating preparations directed either to
suppression of cell proliferation, or, in opposite,
to promoting forced cell differentiation. This goal
was achieved through application of serotonin-
modulating anticonsolidation protein (SMAP) and
anti-SMAP polyclonal antibodies for the purpose
of blocking its activity in different stages of the
embryonic and early stages of development of Xe-
nopus laevis.

MATERIALS AND METHODS

Biochemical techniques. SMAP, being in li-
near relations with serotonin, was purified from
the cow brains with application of two-step purifi-
cation procedure as had been described earlier
(Mekhtiev, 2000): 1) partial precipitation with so-
dium sulfate in the range of 0-40% concentration;
2) gel-chromatography on the column (3.0 X 60.0
cm) of Sephadex G-150. SMAP purification was
carried out under the screening control of the indi-
rect ELISA-test (Catty, 1991) with application of
anti-SMAP rabbit immuneglobulins to selecting
the SMAP-enriched protein fractions. The protein
purity was checked by electrophoresis in poly-
acrylamide gel.

The anti-SMAP polyclonal immunoglobulins
were produced through immunization of the rab-
bits with SMAP, using 300 pg of the protein al-
ways in mixture with the complete Freund adju-
vant. SMAP and anti-SMAP immunoglobulins
were frozen and kept under -70°C.

The content of SMAP was determined in the
embryos and tadpoles of Xenopus laevis by the in-
direct ELISA-test realized on the polystyrene pla-
tes of moderate adsorption (Catty, 1991). The
samples were homogenized and water-soluble
proteins were extracted and used as antigens in
the ELISA-test. Specific polyclonal rabbit anti-
SMAP antibodies were used as the first antibodi-
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es, while the anti-rabbit goat immunoglobulins,
coupled with covalent bonds with horseradish pe-
roxidase, were used as the second antibodies. Ort-
hophenylendiamine was used as a substrate for
peroxidase to visualize the results of the reaction.
The reaction was stopped by adding 3 M NaOH
and the results were transformed into digital form
by the ELISA-test reader of the model of “Mole-
cular Devices Spectra Max 250” (MTX Lab
Systems, Inc., USA) at the wavelength of 492 nm
(wavelength of reference 630 nm) and analyzed
with application of the t-Student criterion.

Embryonic technique. The embryonic studi-
es were conducted on Xenopus laevis. The eggs
from the sexually mature animals were obtained
after injecting them with human gonadotropin at a
dose of 150 units for males and 350 units for
females.

In the 1% series of studies after several hours
since gonadotropin administration, females released
roe which was fertilized by males. Simultaneously
after roe fertilization samples of the embryos were
taken from different stages of embryonic develop-
ment (stages 1-2, 7, 9, 11, 13, 20, 22, 28), pre-meta-
morphosis, metamorphosis and post-metamorpho-
sis (stages 37, 42, 44, 45, 49, 53) for evaluation of
the level of SMAP with application of the indirect
ELISA-test and anti-SMAP polyclonal immunog-
lobulins. For evaluation of SMAP 10 samples of
specimens within each stage were taken. The re-
sults were averaged within each group and diffe-
rences between adjacent stages were evaluated on
t-Student’s criterion.

In the 2" series of studies the embryos, being
on the blastula and gastrula stages, were placed
into the Petri dish with fresh water containing dif-
ferent preparations. The embryos were culled into
three groups: 1) intact group (n=17), 2) control
group — SMAP and anti-SMAP antibodies — both
at a concentration 50 pg/ml (n=15), and 3) experi-
mental group — SMAP at a concentration of 50
and 100 pg/ml (n=17).

In the 3" series of studies the animals, being
on the 37" stage of development (beginning from
the late tailbud stage), were placed into the Petri
dish with fresh water containing different prepara-
tions. The embryos were culled into four groups: 1)
intact group (n=13), 2) control group — SMAP and
anti-SMAP antibodies - both at a concentration of
50 pg/ml (n=13), 3) 1% experimental group —
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SMAP at a concentration of 50 pg/ml (n=13), 4)
2" experimental group — SMAP at a concentration
of 100 pg/ml (n=13), and 5) 3" experimental group
— anti-SMAP antibodies — at a concentration of 50
ug/ml (n=13). After 24 h the animals were transfer-
red into the tanks with fresh water with regulated
temperature and air supply. On the basis of elabo-
rated tables of early stages of development of Xe-
nopus laevis (Sive et al., 2010), registration of pas-
sing metamorphosis stage by the animals of diffe-
rent groups was carried out. Particularly, definition
of passing of this stage by the animals was realized
on the basis of degree of the tail resorption, advent
of the precursors (buds) of the hind legs, changes
in the shape of mouth and other second-order
morphological changes typical to mature animals.

The results were averaged within each gro-
up and differences between different groups we-
re evaluated on Wilkoxon-Mann-Whitney’s U-
criterion.

RESULTS

Dynamics of SMAP levels on embryonic
stages and metamorphosis in Xenopus laevis

In the 1% series of studies the results revealed
the dynamics of the level of SMAP in the organism
of the animals throughout the early stages of onto-

genesis (embryogenesis and metamorphosis) of Xe-
nopus laevis. It was noticed that after slight down-
regulation of SMAP immediately after fertilization
of the roe, on the forthcoming stages till finalizati-
on of the neurula its level remained unchanged, on
the same values. Thereafter continuous and signifi-
cant (p<0.01 and p<0.001) downregulation of the
SMAP level, interrupted once in the form of its
slight upregulation in the interval between middle
of the late tailbud stage (37" stage) and onset of the
pre-metamorphosis stage (39" stage; Fig.), was
observed.

Role of SMAP in regulation of embryonic
development and metamorphosis in Xenopus
laevis. In the 2" series of studies incubation of the
embryos of Xenopus laevis on the blastula and
gastrula stages in fresh water containing SMAP
at a dose of 50 and 100 ug/ml led to delay of their
development and, finally, to death of all the embr-
yos of this group within 4 days of observation. At
the same time the embryos of the intact and cont-
rol groups left alive and developed normally, wit-
hout lethality of any specimens.

In the 3" series of studies blocking of SMAP
activity with the anti-SMAP polyclonal antibodies
in the 3" experimental group realized significant
effect on the rate of animal passing through embr-
yogenesis.
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Figure. Changes of SMAP level in the early stages of ontogenesis in Xenopus laevis. **- p<0.01; *** - p<0.001
relatively to the preceding point.
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Particularly, it was shown that single additi-
on of the anti-SMAP antibodies at a dose of 50
pg/ml into the incubation milieu of the embryos
of Xenopus laevis, being on the 37" stage of deve-
lopment, after 14 days resulted in their passing
ahead (two stages earlier) of the metamorphosis
stage (50 stage) relatively to the rate of passing of
this stage by the animals of the intact (48" stage)
and control (48" stage) groups (p=0.01). Along
with it, animals of the 1% and 2™ experimental
groups under effects of SMAP of both doses were
on the 49" stage of development passing ahead
metamorphosis by one stage earlier relatively to
the animals of intact and control groups (p=0.01).

Hence, up to the end of the neurula stage of
embryogenesis of Xenopus laevis the level of
SMAP in the organism remains unchanged, while
its continuous downregulation on the next stages
is observed. Addition of SMAP to the embryos at
the stages of blastula and gastrula leads to delay
of embryonic development and, finally, to death
of all the embryos. Blocking of SMAP activity by
anti-SMAP antibodies on the stage of pre-meta-
morphosis of Xenopus laevis leads to noticeable
passing ahead of the metamorphosis stage by the
embryos.

DISCUSSION

The results of the studies indicate to close in-
volvement of SMAP, realizing serotonin functions
on sub-cellular level, in the processes of cell pro-
lipheration and differentiation. As the initial sta-
ges of embryogenesis are characterized with high
indexes of cell prolipheration, remaining of the
SMAP level stable, in the form of smooth hori-
zontal line during theses stages up to the end of
neurula stage shows that such unchanged amount
of SMAP is required for molecular support of in-
tensive cell proliferation.

As it is known from the literature, on the next
after neurula stages of embryogenesis and initial
stages of development including metamorphosis,
decline of cell proliferation and, in opposite, step-
by-step strengthening of cell differentiation are
observed (Sive et al., 2010). Gradual downregula-
tion of SMAP on the said stages indicates that its
level is synchronized negatively to realization
and/or regulation of differentiation processes, thus
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giving grounds to making a conclusion that
SMAP itself is engaged in negative regulation of
cell differentiation, probably, through switching
on differentiation-launching genes on the backg-
round of SMAP downregulation.

The above stated conclusions, issuing from
the results of the 1% series of the studies, were
confirmed later by the results of the undertaken
2" and 3" series. Particularly, artificial upregula-
tion of the SMAP level in the embryos through its
addition to the incubation milieu of embryos, sta-
ying on the blastula and gastrula stages, under the
both applied doses brought to cessation of the
embryo development and total death of the embr-
yos. Hece, SMAP upregulation on the initial sta-
ges of embryogenesis realizes cytotoxic effects on
the embryonic cells.

The observed cytotoxic effects of SMAP on
the onset of embryogenesis of Xenopus laevis
may be related to induction by SMAP of confor-
mational changes of chromatin transducting it into
the condensed inactive form. This idea is confir-
med by our ealier studies in which SMAP admi-
nistration to the sturgeon juveniles led to signifi-
cant downregulation (by over 50%) of the level of
mutagenic changes in the somatic cells induced
by soil sediments from Baku Bay containing high
levels of heavy metals and polyaromatic hydro-
carbons relatively to the control group kept under
the similar polluted conditions. In the control ani-
mals this contamination induced 5-times elevation
of mutations relatively to the intact animals kept
in fresh water (Mekhtiev, Movsum-zadeh, 2008).
These earlier obtained data give grounds to make
a conclusion that SMAP brings chromatin to the
condensed, folded state, this way providing its
protection from the effects of adverse factors.

Along with it, antibodies-mediated blockade
of SMAP activity on the 37" stage of embryonic
development significantly accelerated passing
through metamorphosis (by two stages earlier) the
embryos of the 3" experimental group relatively
to the intact and control animals, this way suppor-
ting the idea of existing significant negative regu-
lation of the differentiation processes of embryo-
nic cells by SMAP, coming from its downregula-
tion on post-neurula stages of development. Besi-
des, such accelerated passing of metamorphosis,
though in somehow fainter degree (by one stage
earlier), was noticed for the effects of SMAP at
both studied doses.
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However, these effects of SMAP itself are,
probably, due to the phenomenon of down-regula-
tion of SMAP-accepting receptors resulting from
their internalization into the embryonic cells un-
der the effect of applied SMAP. Hence, these re-
sults give grounds in the future for application of
anti-SMAP antibodies for the purpose of forced
differentiation of immature embryonic-resembling
cells, particularly cancer stem cells, having many
common features with the embryonic cells. The
idea of possible impact on cancer stem cells thro-
ugh modulating microenvironmental stimuli, lea-
ding to their differentiation, has been put forward
by other researchers (Carry, 1991; Sell, 2004; Ra-
dosevich et al., 2015).
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Mahmizh qurbagalarin (Xenopus laevis) embrional hiiceyralorinds proliferasiya
v differensasiyanin tonzimlonmasinds serotonin modulyasiyal
antikonsolidasiya ziilalin rolunun dyranilmasi

A.V. Aminov, A.9. Mehdiyev
AMEA-mm Akademik Abdulla Qarayev adina Fiziologiya Institutu

Magqals mahmizli qurbagalarin embrional modelinds hiiceyralorin proliferasiya vo differensasiya proses-
larinin tonzimlonilmsinda serotoninin saviyyasindon diiz miitanasib alagads olan serotonin- modullu anti-
konsolidasiya ziilalin (SMAZ) tohfasinin 0yronilmasina hasr edilib. Tadgigatlarin 1-ci seriyasinda mah-
mizl qurbagalarin embrionlarinda biitiin embriogenez vo metamorfoz marhalslari boyunca birbasa olma-
yan immuno-enzim analiz metodu vasitasilo SMAZ-1n doyismo saviyyasinin xarakteri izlonilmisdir. Blas-
tula moarhoaloasindon baslayaraq neyrula marhalasinin sonunadek SMAZ-1n saviyyasi doyismaz qalmaqda-
dir. Sonraki morhalslordon SMAZ-in saviyyasi (37-ci vo 39-cu moerhalslorde azaciq artmaqla) fasilesiz
azalmas1 miisahids olunur. Tadqiqatlarin 2-ci seriyasinda SMAZ-in 50 vo 100 mkg/ml dozali miqdari
olan adi suda mahmizli qurbagalarin blastula va gastrula morhslslarinds olan embrionlari inkubasiya edil-
mis va naticads 4 giinliik miisahidolor zamani biitiin embrionlarin tolof olmas1 qeyds alinmigdir. Tadqiqat-
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larin 3-cii seriyasinda 50 mkq/ml dozada SMAZ-a qars1 poliklonal anticismlorin komoakliyi ilo SMAZ-1n
aktivliyinin blokadasi edildi. Tacriibs qrupunu intakt vo kontrol qruplarla miiqayisade 37-ci marholodon
baslayaraq metamorfoz morhalslorin (2 moarhslo gabaqlamagqla) siiratli kegmosine gotirmisdir. Belslikla,
SMAZ embriogenezin ilkin marhalalorinds sitostatik aktivlik gostorirse, metamorfoz morhalasinds onun
(SMAZ-mn) anticismlor vasitosilo blokadasi oksina, hiiceyra differensasiyast morhalali kegidi embrional
hiiceyralords siiratlondirir.

Agar sozlar: Serotonin-modullu antikonsolidasiyva ziilali, anticisimlor, embriogenez, metamorfoz, mah-
mizli qurbagalar

H3yuyeHnue posiu cepOTOHNH-MOAYJIMPYEMOr0 AHTHKOHCOJIUAALMOHHOT0 OeIKa
B peryJsinuu npojudepanuu 1 1uddepeHuuanuy SMOPUOHAIBHBIX KIETOK
mnopueBbIx Jarymek (Xenopus laevis)

A.B. AMuHoB, A.A. MexTuen
Hnuemumym guszuonocuu umenu axaoemura A6oyanvt I apaesa HAH Azepbatioocana

CraTbsl TIOCBSIIIEHA HM3YYEHHUIO BKJIAJa CEPOTOHMH-MOAYJIUPYEMOTO AHTHKOHCOJIMAALMOHHOrO Oenka
(CMAB), Haxopsmierocs B HpSMOH 3aBUCMMOCTH OT YPOBHS CEPOTOHMHA, B PETYIISIIIMIO MPOILIECCOB
KIETOYHON mponudeparmun ¥ AuddepeHuanmy B 3MOPHOHATBHON MOJENH IIMOPIEBBIX JIATYIIEK
Xenopus laevis. B 1-ii cepur uCClieOBaHUI C TMOMOINIBIO METOAa HEMPSIMOro UMMYHO()EPMEHTHOTO
aHanmm3a OBUI MPOCIeXeH XapakTep u3MeHeHus: ypoBH CMADB B 5MOpHOHAaX MIMOPIEBBIX JIATYIIEK HA
NPOTSKEHUU BCEX cTaauil smOpuoreHesa u meramopdosa. Haumnas co craaum OnacTysbl, BIJIOTH 1O
KOHLIA HEWpPYyJbl, €ro ypoBEHb OCTaBaicsi HeW3MeHHbIM. Ha mocienyrommx craausx HaOI0Iaioch
HenpepbsiBHOE cHIKeHue ypoBHS CMADB, npepBanHOe B BHJe HEOOJBIIOTO YBEIUYCHUS €T0 MeKAy 37-U
u HayanoM 39-ii craguu. Bo 2-ii cepum mccnenoBaHui AMOPHUOHBI IIMOPLEBBIX JIATYIIEK Ha CTaIusIX
OnacTyJibl U racTpyJibl HHKYOMpOBaJIHCh B IpecHO Boje, conepxasueir CMAD B noze 50 u 100 mxr/mi,
YTO MPHUBOJAWIIO K 33/IEPKKE B Pa3BUTHH M, B KOHEYHOM MTOre, K THOENH BceX SMOPHOHOB B TEUCHHE
YeThIpeXAHeBHOTO HabmoaeHus. B 3-if cepun, 6nokaga aktuBHOcTH CMADB y SMOpPHOHOB HIOPIEBBIX
JSITYIIEK C MOMOILBIO HMOJIHMKIOHAIBHBIX aHTHTEN B 703¢ 50 MKr/mi, HauuHas ¢ 37-i cTaguy pa3BUTHS,
NPUBOJIMIIA K YCKOPEHHOMY IMPOXOKACHUIO CTaguu Meramopdosa (Ha 2 ctaguu ObicTpee) M0 CPaBHEHHIO
C WHTaKTHOW M KOHTPOJBHOW rpymnmnamu. Takum oOpa3oM, ecliM B Ha4daJbHOW CTaguHM >MOpHOreHe3a
CMAB jeMOHCTpUpYEeT NIHMTOCTaTHYECKYI0 aKTUBHOCTh, Ha CTaaAuuM Meramopdosa Oiokaga ero
AKTUBHOCTH C NIOMOIIBIO aHTUTEJN, HAIPOTUB, IPUBOJANUT K YCKOPEHHOMY NMPOXOKICHNUIO SMOPHOHAIBHBIX
KJIETOK Yepe3 CTaJuu KJIeTouHoM auddepeHnpannu.

Knwouesvie cnosa: CepomoHun-mooyaupyemulii aHmMuKOHCOAUOAYUOHHBIL OeNloK, anmumend, Imopuoze-
He3, Memamop@os, wnopyesule IAYWKU
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