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Abstract

Oxidative stress induces lipid peroxidation within the membrane bilayer, thereby
compromising membrane integrity. Polyphenols (PPs), renowned for their antioxidant
properties, have been shown to mitigate oxidative damage. Here, we investigated the structural
and antioxidant effects of PPs—specifically flavonoid glycosides (FGs) and phenolic acids
(PAs)—extracted from Inula oculus-christi using steady-state fluorescence spectroscopy in
both model and cell membranes. Membrane lipid order was evaluated using DPH and Laurdan
spectroscopy, while DPH-TEMPO fluorescence quenching was employed to quantify raft-like
domain formation in model systems. The antioxidant capacity of the PP extracts was assessed
via fluorescence quenching of cis-parinaric acid. Both FGs and PAs conferred approximately
2-fold antioxidant protection, with FGs showing a 1.13-fold greater effect than PAs. In addition,
both PP classes promoted lipid raft formation, particularly in cholesterol-rich membranes. PPs
increased order in the liquid-disordered (Ld) phase while inducing disorder in the liquid-ordered
(Lo) phase, depending on the lipid-to-PP ratio. Notably, FGs enhanced membrane fluidity more
strongly in A549 than in MDCKII cells, as reflected by a ~5.7-fold decrease in Laurdan GP in
A549 (from 0.04 to —0.17) versus a ~1.4-fold decrease in MDCKII at 200 pg/mL. These
findings highlight the dual structural and antioxidative roles of FGs and PAs in preserving
membrane integrity under oxidative stress.

Pesrome

OKCUIaTUBHUAT CTPEC MHAYIHPA JUIHIHA TIEPOKCUIAINAS B MEMOpaHHUS OMCIION, KaTo
10 TO3U HAYMH KOMIIPOMETHpa LielocTTa Ha MeMOpaHnata. [Tomudenonure (PP), usBectHu cbe
CBOWTE aHTHOKCHIAHTHHU CBOMCTBA, Ca MOKa3alld, Y€ CMEKYaBaT OKCHIATHBHOTO YBPEXKIAHE.
Tyk wu3crnenBaxme CTPYKTYpHHTE W aHTUOKCHUIaHTHH edektu Ha PP — mo-cmenmanHo
¢naBonouauute riuko3uau (FGs) n ¢penonnure kucenunu (PAs) — excrpaxupanu ot Inula
oculus-christi, u3mon3Baiiku craroHapHa (IyopeceHTHa CIIEKTPOCKOIUS KAKTO B MOJICITHH,
Taka ¥ B KiIeTbyHU MeMOpaHu. [loapenenoctra Ha MeMOpaHHUTE JUNUAM O€lle OLIEHEHA C
nomotnta Ha DPH u Laurdan-oBa cnektpockomnus, n1okaTo ¢uiyopeciieHTHOTO racene DPH-
TEMPO Gerire n31mo3BaHo 3a KOJIMYECTBEHO OMpeeliTHe Ha 00pa3yBaHeTo Ha padTono100HN
JIOMEHH B MOJETHHM CHUCTeMH. AHTHOKCHUAAHTHHMAT KamauuteT Ha PP ot ekcrpakture Oere
OIICHEH upe3 (IyOpecleHTHO TaceHe Ha nuc-mapuHapoBa kucennHa. Kakro FGs, Taka u PAs
OCUTYpSIBAT MPUOIU3UTETHO 2-KpaTHAa aHTUOKCUIAHTHA 3a1muTa, kato FGs mokaszear 1,13 bt
no-rojisiM epext ot PAs. OcBeH ToBa, 1 iBata kinaca PP HacbpuaBaT oOpa3yBaHeTO Ha JUIUIHU
padroBe, ocobeHo B OoraT Ha Xosectepoi MmeMOpanu. PPs yBennuaBar noapendata B Te4HO-
nenoapenenara (Ld) ¢aza, kaTto ChIIEBpeMEHHO WHAyIMpaT pa30ObpKBaHE B TEYHO-
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noapenenara (Lo) ¢aza, B 3aBUCUMOCT OT ChOTHOIIEHUETO aunua-PP. 3abenexurenno e, ue
FGs noBumasat ¢ayunHocrra Ha memOpanara mo-cwuiHO B AS549, otkonkoro B MDCKII
KJIETKH, KOETO ce OoTpa3siBa B ~5,7-kparHo HamaneHnue Ha Laurdan GP B A549 (ot 0,04 no -
0,17) cupsimo ~1,4-xkpatHo Hamanenue Ha MDCKII mpu 200 pg/mL. Te3u orkpurus
Mo/YepTaBar JABOMHATA CTPYKTYpHA U aHTHOKcuAaHTHA poss HAa FGs u PAs 3a 3ama3zBane Ha
[eJIOCTTa Ha MeMOpaHaTa Mpu OKCUIATUBEH CTPEC.
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Abstract

Interrelations between the plasma membrane and cytoskeleton are of crucial importance
for essential cellular processes such as endocytosis, formation of intercellular junctions, cell
morphology, etc. Many studies validate the beneficial effects of polyphenols as antioxidant and
protective agents, but a molecular mechanism of their interaction and transition through the
plasma membranes of different cell lines is still missing. In this study, we examined the affinity
of fractions enriched in flavonoid glycosides (FGs) and caffeoylquinic acids (CQAS), obtained
from the methanol extract of the medicinal plant Inula oculus-christi L., to reorganize the
plasma membrane structure and actin cytoskeleton by using confocal microscopy. Assessment
of the degree of membrane ordering aiming to distinguish the ordered from disordered regions
of the cellular membranes was performed using the fluorescent dye Di-4-ANEPPDHQ, and
visualization of F-actin was by TRITC-phalloidin. Two epithelial cell lines with clear
differences in their origin and plasma membrane organization were chosen: the non-malignant
MDCK Il and the cancerous A549. Our results showed that flavonoid glycosides exhibited an
ordering effect on plasma membranes of cancerous cells and fluidized one on non-malignant
cells. Different patterns of actin reorganization were observed for both cell lines after treatment.
Our results indicate the potential of plantderived polyphenols as modulators of the membrane’s
structural organization, offering valuable insights for the development of membrane-targeted
therapeutic strategies.

Pesrome

B3anMooTHoIIeHHsATa MEXy IJIa3MeHaTa MeMOpaHa M IUTOCKENeTa ca OT pellaBalilo
3HAa4YCHHE 32 OCHOBHHU KJIETHYHH MPOIIECH KAaTO €HIOIMTO3a, 00pasyBaHe Ha MEXAYKICThYHU
BPB3KH, KJIeThbuHa Mopdosnorus u ap. MHOTo U3ClieBaHUs MOTBBPKAABAT OJIArONpUSTHUTE
epexTr Ha MoMM(pEHOINTE KaTO aHTHOKCHIAHTHU ¥ 3AIIUTHH areHTH, HO MOJEKYJISPHHUST
MEXaHU3bM Ha TSAXHOTO B3aUMOJAEWCTBHE M NMpPEMUHABaHE Mpe3 IJIa3MEHUTE MEMOpaHU Ha
pa3IMYHM KJIETHYHU JIMHUHU BCE OIIE JINTICBA. B ToBa mpoy4BaHe m3ciieBaxmMe apHATETa Ha
¢dpakuuu, odoratenu ¢ praaBonouuu rauko3uan (FGs) u kapeounnxunonu kucenunu (CQAs),
MOJIyYeHH OT METAHOJOBMS €KCTpakT Ha jedyeOHoTo pacteHue Inula oculus-christi L., 3a
peopraHu3upaHe Ha CTPYKTypaTa Ha IUla3MeHaTa MeMOpaHa M aKTHHOBHUS ITUTOCKENET upe3
KoH(poKamHa MUKpockorwms. OleHKaTa Ha CTEeHTa Ha MEeMOpaHHO TOJpEeXIaHe C Iel
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pasrpaHuYaBaHe Ha MOJAPEICHUTE OT HapyIICHUTE 00JacTH Ha KIETHYHUTE MeMOpaHu Oere
M3BBPIIEHA ¢ ToMoIITa Ha ¢uryopecueHTHOTO Oarpuiio Di-4-ANEPPDHQ), a Buzyanusanusita
Ha F-aktun Oeme upe3 TRITC-danonaun. M30panu O0sxa ABE SHUTEITHHU KJICThUHU JIMHUU C
SICHU PA3JIMKU B MPOU3X0Ja M OpraHU3aIysiITa Ha IUIa3MeHaTa MmeMOpana: HepakoBata MDCK
II u pakoBata A549. Hammte pe3ynaTaTu 1mokas3Bart, 4e (IaBOHOUIHUTE TIIMKO3UIN MTPOSIBSIBAT
noapexaant ekt BbpXy IJIa3MEHUTE MEMOPaHH Ha PaKOBUTE KICTKU U (IyHUIU3UPAILl TAKHB
BbPXY HOpPMAaJHUTE KIETKU. Pa3nuuHM MoJenu Ha peopraHu3alus Ha akThHa Osxa
HaOJII0aBaHU M 3a JIBETe KICThYHM JIMHUM Cle] TpeTupaHe. Hammre pe3ynTatu mokasBar
MOTEHIIMajla Ha NoJu(EHOIUTE, MOMyUYeH! OT pacTEeHUs, KaTO MOJYJIATOPU HA CTPYKTypHaTa
opraHuzanys Ha MemOpaHara, Hpeularadku IieHHa uH(popManus 3a pa3padOTBAHETO Ha
TepaneBTUYHU CTPATEruy, HACOYEHH KbM MeMOpaHara.
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Abstract: Dry rose extract (DRE) obtained industrially by aqueous ethanol extraction
from R. Damascena flowers and its phenolic-enriched fraction, obtained by re-extraction with
ethyl acetate (EAE) were the subject of this study. *H NMR of DRE allowed the identification
and quantitation of fructose and glucose, while the combined use of HPLC-DAD-ESIMS and
HPLC-HRMS showed the presence of 14 kaempferol glycosides, 12 quercetin glycosides, 4
phenolic acids and their esters, 4 galloyl glycosides, 7 ellagitannins, and quinic acid. In addition,
the structures of 13 of the flavonoid glycosides were further confirmed by NMR. EAE was
found to be richer in TPC and TFC and showed better antioxidant activity (DPPH, ABTS, and
FRAP) compared to DRE. Both extracts displayed significant activity against
Propionibacterium acnes, Staphylococcus aureus, and S. epidermidis, but showed no activity
against Candida albicans. Toxicity tests on normal human skin fibroblasts revealed low toxicity
for both extracts with stronger effects observed at 24 hours of treatment that were compensated
for over the following two days. Human hepatocarcinoma (HepG2) cells exhibited an opposite
response after treatment with a concentration above 350 pug/mL for EAE and 500 pg/mL for
DRE, showing increased toxicity after the third day of treatment. Lower concentrations were
non-toxic and did not significantly affect the cell cycle parameters of either of the cell lines.

Pesrome: Cyxusat excrpakt ot posa (DRE), momyuen uHmyctpuanHo upe3 BOJHO-
€TaHOJIOBa eKCTpakuus oT IBeToBe Ha R. damascena, m HeroBata (eHoIHO-OOOTaTeHa
(dbpakuus, morydeHa upe3 moBTopHa excrpakmus ¢ erunanerat (EAE), 6sxa mpenmer Ha ToBa
usciensade. "H NMR na DRE no3Bonu uieHTHGHIMPAHETO U KOJTHYECTBEHOTO ONMpe/IeNsIHe
Ha (pyKTO3a W TIIOKO3a, OKaTo KomMOmHUpaHoto wu3non3Bane Ha HPLC-DAD-ESIMS u
HPLC-HRMS mnoka3a Hamuuuero Ha 14 kemmngeposioBH TJIMKO3UIH, 12 KBEpLETUHOBH
TJIMKO3UU, 4 (EHOJTHU KUCEIUHU U TEXHUTE eCTepH, 4 TaJOUIHU TTTUKO3UIM, 7 elaruTaHuHa
U XMHHUHOBa KucenuHa. B pombiaHeHue, cTpykTypute Ha 13 OT (1aBOHOMAHUTE TIIMKO3UAN
0s1xa AonbJIHUTENHO NoTBBpAeHU upe3 NMR. Vcranoseno e, ue EAE e no-6orar na TPC u
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TFC u noka3Ba no-no6pa antuokcunantHa aktusHocT (DPPH, ABTS u FRAP) B cpaBHEeHHE €
DRE. 1 nBara excTpakTa 1moka3axa 3Ha4MTelIHA aKTUBHOCT cpemry Propionibacterium acnes,
Staphylococcus aureus u S. epidermidis, HO He moka3axa akTuBHOCT cpenry Candida albicans.
TecroBeTe 3a TOKCHYHOCT BHPXY HOPMAJTHU YOBEIIKU KOKHU (PUOPOOIACTH MMOKa3axa HUCKA
TOKCHYHOCT WM 3a JBara eKCTpakTa C NO-CHJIHU e(eKTH, HaOitoJaBaHu Ha 24-us 4ac OT
TPETUPAHETO, KOWUTO OWBaxa KOMIIGHCHPAHH TIpe3 CJICABAIIMTE JBa JHU. UYOBEUIKUTE
xenatokapiuHoMun (HepG2) kiieTku moka3zpaxa MpOTHBOIIOJIOKEH OTTOBOP CIIE/ TPETUPAHE C
koHneHTpanus Hag 350 pg/mL 3a EAE u 500 pg/mL 3a DRE, mokasBaiiku moBuIlIeHA
TOKCHYHOCT CIIE/I TPETHS JICH OT JiedeHHeTo. [10-HUCKUTE KOHIICHTPAIUU Ca HETOKCUYHH U HE
MOBJIMSIBAT 3HAYMTEITHO MMapaMeTPUTE Ha KJICTHhYHUS IUKBI HAa HUTO €JHA OT KICTHUHUTE
JIMHHH.
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Abstract: Naturally fermented dairy products are an important component of the human
diet. They are a valuable source of nutrients as well as vitamins and minerals. Their importance
as a source of probiotic bacterial strains should not be overlooked. A number of studies
highlight the positive effects of species of the probiotic lactic acid bacteria on the intestinal
microbiome and the overall homeostasis of the body, as well as a complementary treatment for
some diseases. However, data on the effects on the intestinal epithelial cells of postmetabolites
released by probiotic bacteria are incomplete. This is likely due to the fact that these effects are
species- and strain-specific. In the present study, we investigated the effects of postmetabolites
produced by a pre-selected candidate probiotic strain Limosilactobacillus fermentum on HT-29
intestinal epithelial cells. Our data showed a pronounced proliferative effect, evaluated by flow
cytometry, quantification of the cell population and determination of the mitotic index. This
was accompanied by the stabilization of the cell monolayer, measured by an increase in TEER
(transepithelial electric resistance) and the reorganization of actin filaments. The data obtained
are a clear indication of the positive effects that the products secreted by L. fermentum strain
53 have on intestinal epithelial cells.

Pe3ome: Harypanno ¢epMeHTHpanuTe MJICYHH HPOAYKTH Ca BaXKEH KOMIIOHEHT OT
YOBeIIKaTa JueTa. Te ca lIeHEeH N3TOYHHMK Ha XpaHUTENIHU BEIECTBA, KAKTO U HA BUTAMUHU U
MuHepaid. TSXHOTO 3HaYeHHE KaTo U3TOYHHUK Ha MPOOMOTHYHHU OaKTepUaIHU [IIaMOBE He O1Ba
na ce npeHedperna. Peauiia npoy4yBaHus moayepTaBatr MOJOKUTEIHUTE €PEKTH Ha BUIOBETE
NpOOMOTUYHM MIIEYHOKHCENIN OakTepuu BBPXY UPEBHUS MHKPOOMOM U IISTIOCTHATA
XOMEOCTa3a Ha OpraHu3Ma, KaKTO M KaTo JIOIBJIHUTEIIHO JIEYCHHE 3a HIKOM 3a00JIsIBaHMS.
JlanHuTe 3a eheKTUTe BHPXY UYPEBHUTE CMUTEITHH KJIETKU Ha MOCTMETa00IUTHTE, OCBOOOICHH
OT MpOOMOTHYHUTE OaKTepuH, 00aue ca HeMIbJIHU. ToBa BEpOATHO ce AbJKU Ha (akTa, ue Te3U
epeKTH ca 3a BHUJOBO- U IIAMOBO-CIEIU(PHUYHU. B HacTOSIIOTO MpoydyBaHe H3CIEIBAXMeE
eeKTUTe Ha MOCTMETA0OJUTHUTE, MPOU3BEIEHU OT MPEABAPUTEIHO CEIEKTHpPaH KaHIHUIaT


https://www.scopus.com/inward/record.uri?eid=2-s2.0-85199642339&doi=10.3390%2fmicroorganisms12071365&partnerID=40&md5=bc27c71790d4985bc542036c8e5517f6
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85199642339&doi=10.3390%2fmicroorganisms12071365&partnerID=40&md5=bc27c71790d4985bc542036c8e5517f6
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85199642339&doi=10.3390%2fmicroorganisms12071365&partnerID=40&md5=bc27c71790d4985bc542036c8e5517f6
https://www.webofscience.com/wos/woscc/full-record/WOS:001278549500001

npoouoTrueH mam Limosilactobacillus fermentum, BBpXy 4YpeBHO-CIHUTENHH KICTKH OT
muausaTa HT-29. Hamute naHHM moka3Baxa u3paseH npoiudeparuBeH eQeKT, OICHEH Ype3
GbIryorMTOMETpHS, KOJIMIESCTBEHO ONpENeNissHe Ha KICThYHATA IMOIMYJAlusi U ONpeessiHEe Ha
MUTOTHYHUS MHJEKC. ToBa O CHIPOBOJCHO ChC CTAOWIM3HPAHE HA KICTHYHHS MOHOCIIOH,
u3MepeHo upes nopuiiaBaHe Ha TEER (TpaHCENUTETHO EICKTPUYECKO CHIIPOTHUBIICHUE) U
peoprannu3ansi Ha AKTUHOBUTC (I)I/IJ'IaMeHTI/I. HOHy‘-IeHI/ITe JaHHU Ca sCHa HHAWKAIUA 34
MOJIOKUTEITHATE ePEeKTH, KOUTO MPOAYKTHUTE, CEKpeTHpaHu oT maM 53 Ha L. fermentum,
OKa3BaT BbPXY YPCBHUTC CIIMTCIIHU KIICTKHU.
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Abstract

Chlorogenic (5-CQA), 1,5-, 3,5-, 4,5- and 3,4-dicaffeoylquinic (DCQA) acids were
identified and quantified in the methanol extracts of Inula oculus-christi L., I. bifrons L., I.
aschersoniana JANKA var. aschersoniana, I. ensifolia L., I. conyza (GRIESS.) DC. and I.
germanica L. by HPLC analysis. The amount of 5-CQA varied from 5.48 to 28.44 mg/g DE
and the highest content was detected in I. ensifolia. 1,5-DCQA (4.05-55.25 mg/g DE) was the
most abundant dicaffeoyl ester of quinic acid followed by 3,5-DCQA, 4,5-DCQA and 3,4-
DCQA. The extract of I. ensifolia showed the highest total phenolic content (119.92+0.95 mg
GAE/g DE) and exhibited the strongest DPPH radical scavenging activity (69.41+0.55 %). I.
bifrons extract was found to be the most active sample against ABTS*+ (TEAC 0.257+0.012
mg/mL) and the best tyrosinase inhibitor. The studied extracts demonstrated a low inhibitory
effect towards acetylcholinesterase and possessed low cytotoxicity in concentration range from
10 to 300 pg/mL toward non-cancer (MDCK I1) and cancer (A 549) cells.

Pesrome

Upes HPLC ananu3 B MetaHos10BU ekcTpakTH Ha Inula oculus-christi L., I. bifrons L., I.
aschersoniana JANKA var. aschersoniana, I. ensifolia L., I. conyza (GRIESS.) DC. u L
germanica L. 0sxa uaeHTHUIMPAHH M KOJMYECTBEHO ompezeicHn xyioporeHHu (5-CQA),
1,5-, 3,5-, 4,5- u 34-nuxapeounxunoBu (DCQA) xucenunu. KommuectBoto Ha 5-CQA
Bapupatie ot 5,48 no 28,44 mg/g DE, xaTto Hali-BUCOKOTO ChAbp:kKaHHUE Oelle OTKPUTO B I.
ensifolia. 1,5-DCQA (4,05-55,25 mg/g DE) Gerite Haii-pa3npocTpaHEHUAT AUKaPEOU ecTep
Ha XWHOBaTa KucenuHa, ciensan ot 3,5-DCQA, 4,5-DCQA u 3,4-DCQA. ExcrpakTsT OT L.
ensifolia moka3sa Haii-Bucoko o010 ¢genonHo cpabpxkanue (119,92 + 0,95 mg GAE/g DE) u
MpOsIBSIBAIlIC HaW-CUJIHA aKTHBHOCT 3a yinaBsHe Ha DPPH pammkamm (69,41 £+ 0,55%).
ExctpaktsT oT L. bifrons ce okasa naii-aktuBHara npo6a cpemy ABTS*+ (TEAC 0,257 £ 0,012
mg/mL) wu Hal-moOpUsAT WHXUOMUTOPp Ha THUpO3WHA3aTa. M3cienBaHWTE EKCTPAaKTH
JEMOHCTpHpaxa HUIChK HHXUOUTOPEH e(PeKT CpsMO alleTUIXOIHMHEeCTepa3aTa u mpuTexanaxa
HHCKA IIMTOTOKCUYHOCT B KOHIIEHTpalnoHeH auama3od oT 10 1o 300 pg/mL cripsimo HepakoBH
(MDCK II) u pakoBu (A 549) kieTkH.


https://www.scopus.com/inward/record.uri?eid=2-s2.0-85081946242&doi=10.1002%2fcbdv.202000051&partnerID=40&md5=d94fa1f08352ad85df372af2bfe316ed
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85081946242&doi=10.1002%2fcbdv.202000051&partnerID=40&md5=d94fa1f08352ad85df372af2bfe316ed
https://www.scopus.com/inward/record.uri?eid=2-s2.0-85081946242&doi=10.1002%2fcbdv.202000051&partnerID=40&md5=d94fa1f08352ad85df372af2bfe316ed
https://www.webofscience.com/wos/woscc/full-record/WOS:000520280700001

I'1. P. Bakardzhiev, T. Koleva, K. Mladenova, P. Videv, V. Moskova-Doumanova,
A. Forys, S. Pusz, T. Andreeva, S. Petrova, S. Rangelov, J. Doumanov, Design and
Biological Evaluation of hBestl-Containing Bilayer Nanostructures,
Molecules, vol:30, 2948, 2025, doi:https://doi.org/10.3390/molecules30142948
https://www.scopus.com/inward/record.uri?eid=2-s2.0-
105011646797&d0i=10.3390%2fmolecules30142948&partnerlD=40&md5=9539
Oee3eae3013f9d93d37d6c6178c6
https://www.webofscience.com/wos/woscc/full-record/W0S:001553382000001

Abstract

Bestrophinopathies are a group of inherited retinal diseases caused by mutations in the
BEST1 gene. The protein encoded by this gene, bestorphin-1 (hBestl), is a calciumdependent
transmembrane channel localized on the basolateral membrane of retinal pigment epithelial
(RPE) cells. We have already demonstrated the surface behavior and organization of
recombinant hBest1 and its interactions with membrane lipids such as 1-palmitoyl-2-oleoyl-sn-
glycero-3-phosphocholine (POPC), sphingomyelin (SM) and cholesterol (Chol) in models of
biological membranes, which affect the hBest1 structure—function relationship.
The main aim of our current investigation is to integrate pure hBestl protein into lipid bilayer
nanostructures. We synthesized and characterized various hBest1-containing nanostructures
based on 1,2-Dipalmitoylphosphatidylcholine (DPPC), SM, glycerol monooleate (GMO) and
Chol in different ratios and determined their cytotoxicity and incorporation into cell membranes
and/or cells by immunofluorescence staining. Our results show that these newly designed
nanoparticles are not cytotoxic and that their incorporation into MDCK 11 cell membranes (used
as a model system) may provide a mechanism that could be applied to RPE cells expressing
mutated hBestl in order to restore their ion transport functions, affected by mutated and
malfunctioning hBest1 molecules.

Pesrome

bectpoduHonatuure ca rpymna oOT HaclEICTBEHHM 3a00JsBaHUS Ha peTHHATA,
npuyrMHeHu oT Mytanuu B reHa BESTL1. IlporennsT, KoaupaH oT To3u TeH, Oectopdun-1
(hBestl), e kanuuii-3aBucuM TpaHCMEMOpaHEH KaHall, JIOKaIM3UPaH BbpXy OazosaTepaaHaTa
MeMOpaHa Ha kjeTkuTe Ha nurmeHTHus enuten (RPE) Ha perunara. Beue nemoncTpupaxme
MOBBPXHOCTHOTO TMOBEJCHUE W OpraHu3anus Ha pexkomMOuHaHTHUS hBestl u HeroBute
B3aUMOJICHCTBUS € MeMOpaHHM JIMIUAM Karo 1-maaMHUTOMII-2-0Je0uI-SN-Tinuepo-3-
dochoxonun (POPC), chunromuenun (SM) u xonmectepon (Chol) B moenu Ha OHOJIOTHYHU
MeMOpaHH, KOUTO BIUSAT HA Bpb3KaTa CTpyKTypa-pyHkuus Ha hBestl.

OcHoBHaTa 1€ Ha HACTOSILIOTO HHU H3cieABaHe Oe na uHTerpupame yuct hBestl
IIPOTEUH B JIMIIMJIHU JBYCIONHM HAHOCTPYKTypH. CHHTE3npaxMe M XapaKTepU3Upaxme
pa3InyHu hBest1-cpabprkamum HaHOCTPYKTYpH, Oasupanu Ha 1,2-
munanmuronnpocharuannxonud (DPPC), SM, rmunepon monoonear (GMO) u Chol B
pa3IMYHU CBHOTHOIIEHUS U OINpEAETUXME TAXHATa LUTOTOKCMYHOCT W BKIIOYBAHE B
KJICThYHUTE MEMOpaHM W/MIM KJIETKH 4Ype3 MMYHO(IIyOpecLEeHTHO ouBeTsiBaHe. Hamure
pe3ysTaTu IMoKa3BaT, 4e Te3M HOBOpa3pabOTEeHH HAHOYACTHIIM HE Ca LUTOTOKCUYHH U 4e
BKJIFOUBAHETO UM B KiIeThuHUTEe MeMOpanu Ha MDCK II (u3mos3BaHu KaTo MOJIENIHA CHCTEMA)
MOXE Jla OCHUTYpU MEXaHU3bM, KOHUTO OM MOreil aa ce mnpuioxku kKbM RPE kierkw,
excrnpecupaiiy mytupai hBestl, 3a 1a ce Bb3CTaHOBST TeXHHUTE (PYHKIMH 32 HOHEH TPAaHCIOPT,
3acerHaTv OT MyTUPAJIU U HEMpaBWIHO QyHKIMoHupamy hBest]l monexymu.
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Abstract

Human bestrophin-1 (hBestl) is a transmembrane Ca2+-activated CIl- channel,
expressed in retinal pigment epithelium and neuroglia. Mutations of BEST1 gene cause retinal
degenerative diseases defined as ‘bestrophinopathies’. hBestl can transfer other anions and
neuromediators, such as glutamate and y-aminobutyrate, affecting pathological conditions as
Parkinson’s and Alzheimer’s disease. Here, we analyze Langmuir monolayers consisting of
hBest1 and cholesterol, phosphatidylcholine (POPC) and sphingomyelin (SM), as some of the
most abundant lipids in the cell membranes. By examining the /A isotherms and adapting the
Goodrich method for three-component monolayers we showed that the effect of cholesterol on
the miscibility of the protein in ternary films is significant. Cholesterol enhances mixing and
stability in hBest1l/POPC/Chol films by reducing phase separation between hBestl and POPC,
while in hBest1/SM/Chol films miscibility is maintained (Previously published in: Videv P. et
al. (2022) Molecules 27(13):4267). Addition of Ca?* was found to induce the condensing and
stabilizing effect on both ternary monolayers, despite their different phase state.

Pesrome

Yogemkusar Oectpodpun-1 (hBestl) e tpancmembpanen Ca2+-aktusupan Cl— kanadn,
eKCIpecHpaH B MUTMEHTHUS €MUTENl Ha pETHHATa U HeBporiusaTa. Myranunte B reHa BEST1
IPUYMHSABAT  JIETGHEPATUBHU  3a00JsABaHMs ~ HA  peTWHATa,  O3HAyaBaHM  KaTo
,oectpopunonaruu®. hBestl mMoxe na mpeHacss OIpyrd aHMOHM M HEBPOMEIMATOPH, KaTo
riyramMmaT M Y-aMUHOOYTHpAaT, UMaWKM OTHOUIEHHWE KbM IATOJOIMYHHM CBCTOSHHUS KaTo
Ooomectra Ha [lapkmHcoH u Anmxaiimep. AHamu3upaxme JIaHTMIOEPOBH MOHOCIOEBE,
cberosnm ce ot hBestl u xonecrepon, ¢pocharuaunxonun (POPC) u chunromuenun (SM),
KaTo €THU OT Hail-pa3npoCTpaHEHUTE JIMIIHIN B KIEThYHUTE MeMOpanu. Upes u3cieqBane Ha
/A M30TEepMUTE U aJaNTUpaHe Ha MeToAa Ha ['yapud 3a TPUKOMIOHEHTHH MOHOCIIOEBE,
Mokazaxme, 4e e(peKThT Ha X0JIeCTepoIia BEPXy CMECBaEMOCTTa Ha OENThKa B TPOHHHUTE (PHIMH
€ 3HauuTeNeH. X0JecTeposIbT 1Moao0psBa cMecBaHeTo U ctabmiHoctTa B hBest]/POPC/Chol
¢unmuTe uype3 HamansBaHe Ha (a3zoBoTo pasaensHe Mexnay hBestl u POPC, nokato B
hBest1/SM/Chol ¢unmure cmecBaemoctTa ce 3anaspa (Ily6nukyBaHo npeau ToBa B: Videv P.
et al. (2022) Molecules 27(13):4267). YcranoBuxme e, de nobassHero Ha Ca?t mHmynmpa
KOHJIEH3UpalMs M crabwinsupan] epeKkT U BbPXY [BaTa TPOWHU MOHOCIOS, BBIIPEKU
Pa3IMYHOTO UM (Pa30BO CHCTOSHUE.

I'3.J. A. Doumanov, K. Mladenova, V. Moskova-Doumanova, T. D. Andreeva, S.
D. Petrova, Self-organization and surface properties of hBestl in models of
biological membranes, Advances in Colloid and Interface Science, vol:302,
issue:102619, 2022, doi:https://doi.org/10.1016/j.cis.2022.102619
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The transmembrane Ca?* - activated CI- channel - human bestrophin-1 (hBestl) is
expressed in retinal pigment epithelium and mutations of BEST1 gene cause ocular degenerative
diseases colectivelly referred to as “bestrophinopathies”. A large number of genetical,
biochemical, biophysical and molecular biological studies have been performed to understand
the relationship between structure and function of the hBest1 protein and its pathophysiological
significance. Here, we review the current understanding of hBestl surface organization,
interactions with membrane lipids in model membranes, and its association with microdomains
of cellular membranes. These highlights are significant for modulation of channel activity in
cells.

Pe3rome

Tpauncmem6panauaT Ca?* - aktuupan Cl” kanan - yosemkust 6ecrpodun-1 (hBestl)
Ce€ eKCIpecHpa B MUTMEHTHUS €MUTEN Ha peTHHaTta, a MmyTaruute B reHa BEST1 npuunnsBar
OYHU JIETCHEpPATHBHU 3a00JissBaHMsI, OO0 Hapu4aHu ,.0ectpodunonarun’. [IpoBenenu ca
rojisiMm Opoll TEeHETWYHH, OWOXMMHUYHHU, OHOPU3NYHH W  MOJICKYJIIPHO-OMOJIOTHYHU
W3CIIeBAHMS, 32 Jla ce pa3depe Bpb3KaTra MEXKIy CTPYKTypara W (yHKIUATA HA MPOTEHHA
hBest] u HeroBoro natodu3noa0oru4Ho 3HadeHue. Tyk pasriekaame TeKyIoTo pasoupane 3a
MOBBPXHOCTHATa opranu3anusi Ha hBestl, B3aumosmeicTBusITa ¢ MEMOpPaHHUTE JMIHAA B
MOJIETTHM MeMOpaHU U HEeroBaTa Bpb3Ka C MUKPOJOMEIHUTE Ha KIeTbuyHUTE MeMOpaHu. Te3u
aKIIEHTH Ca BAKHU 3a MOJyJIMPAHETO HA aKTUBHOCTTA HA KAHAJUTE B KIICTKUTE.

I'4. P. Videv, K. Mladenova, T. D. Andreeva, J. H. Park, V. Moskova-Doumanova,
S. D. Petrova, J. A. Doumanov, Cholesterol Alters the Phase Separation in
Model Membranes Containing hBest1, Molecules , vol:27, issue:13, 4267, 2022,
doi: https://doi.org/10.3390/molecules27134267
https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85133432508&d0i=10.3390%2fmolecules27134267&partnerID=40&md5=dd052
5342196ca45a72904091b61d25¢
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Abstract

Human retinal pigment epithelial (RPE) cells express the transmembrane Ca?*-
dependent CI" channel bestrophin-1 (hBest1) of the plasma membrane. Mutations in the hBest1
protein are associated with the development of distinct pathological conditions known as
bestrophinopathies. The interactions between hBest1 and plasma membrane lipids (cholesterol
(Chol), 1-palmitoyl-2-oleoylsn-glycero-3-phosphocholine (POPC) and sphingomyelin (SM))
determine its lateral organization and surface dynamics, i.e., their miscibility or phase
separation. Using the surface pressure/mean molecular area (n/A) isotherms, hysteresis and
compressibility moduli (Cs™) of hBest1/POPC/Chol and hBest1/SM/Chol composite Langmuir
monolayers, we established that the films are in an LE (liquid-expanded) or LE-LC (liquid-
condensed) state, the components are well-mixed and the Ca?* ions have a condensing effect
on the surface molecular organization. Cholesterol causes a decrease in the elasticity of both
films and a decrease in the AGmix™ values (reduction of phase separation) of hBest1/POPC/Chol
films. For the hBestl/SM/Chol monolayers, the negative values of AGmix™ are retained and
equalized with the values of AGmix" in the hBestl/POPC/Chol films. Shifts in phase
separation/miscibility by cholesterol can lead to changes in the structure and localization of
hBestl in the lipid rafts and its channel functions.

Pe3rome
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Knerkm Ha 4doBemkusi peruHaseH nurmenteH enuten (RPE) excnpecupar
TpancMemOpannus Ca®*-3aBucum Clxanan 6ectpodun-1 (hBestl) Ha miasmMenata MmemOpana.
Myranuure B Oentbka hBestl ca cBbp3aHM ¢ pa3BUTHUETO HAa PA3JIMYHU MATOJOTUYHU
CBCTOSIHUS, U3BECTHU KaTo OecTtpoduHonatuu. Bzanmoneiicteusita mexay hBestl u nunuaure
Ha 1ia3MeHata MeMOpaHa (xomnectepon (Chol), 1-mamMuTOMI-2-0J€OMI-TIHUIEPO-3-
docpoxomun (POPC) u chunromuenun (SM)) ompenensT naTepaaHaTa OpraHU3alds U
MOBBPXHOCTHA JIMHAMHKA, T.€. TAXHATa CMECBAEMOCT WM (a30BO pasjensHe. V3mon3Baiku
M30TEPMHUTE Ha MOBHPXHOCTHO HAJISTaHE/CPEAHA IO 3a MoJiekyna (m/A), xucrepesuca u
moxynute Ha ceuBaeMocT (Cs?) Ha KoMmosuTHHTE JIaHTMIOEPOBM MOHOCTOEBE OT
hBest]/POPC/Chol u hBestl/SM/Chol, ycranoBuxme, ue ¢uamure ca B LE (Teuno
pasmmpeno) wim LE-LC (Te4Ho KOHIeH3UPaHO) ChbCTOSIHUE, KOMIIOHEHTUTE ca JI00pe CMECeHH
u Ca®" #ionu umat koHzeH3upam eheKT BbPXY MOBbPXHOCTHATA MONEKY/IAPHA OPTaHU3aIIML.
XomnecTeporbT MPUYMHSIBA HAMAJISIBAHE HA €JIACTHYHOCTTA Ha JiBaTa (MiIMa U HaMaJsiBaHE Ha
croiHoctTure Ha AGmix" (HamamsBaHe Ha (a3oBOTO pazaensHe) Ha (QUIMHTE OT
hBest1/POPC/Chol. 3a monocnoeere hBestl/SM/Chol otpurnatenaute ctoiHocTH Ha AGmix"
Ce 3aI1a3Bar U ce U3paBHABAT Cbc cToMHOCTHTE HAa AGmix™ BbB (uimute oT hBest1l/POPC/Chol.
[IpomenuTe BBB (Pa30BOTO paselisiHE/CMECBAEMOCT OT XOJIECTEpOJia MOrar Ja JOBenar 0
IPOMEHH B CTPYKTypaTa M Jiokanu3anusata Ha hBestl B nummmaute padgToBe M HEroBHUTE
KaHAJIHU (QYHKITUH.
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Abstract

Human bestrophin-1 protein (hBestl) is a transmembrane channel associated with the
calcium-dependent transport of chloride ions in the retinal pigment epithelium as well as with
the transport of glutamate and GABA in nerve cells. Interactions between hBestl,
sphingomyelins, phosphatidylcholines and cholesterol are crucial for hBestl association with
cell membrane domains and its biological functions. As cholesterol plays a key role in the
formation of lipid rafts, motional ordering of lipids and modeling/remodeling of the lateral
membrane structure, we examined the effect of different cholesterol concentrations on the
surface tension of hBestl/POPC (1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine) and
hBest1/SM Langmuir monolayers in the presence/absence of Ca?* ions using surface pressure
measurements and Brewster angle microscopy studies. Here, we report that cholesterol: (1) has
negligible condensing effect on pure hBestl monolayers detected mainly in the presence of
Ca?" ions, and; (2) induces a condensing effect on composite hBest1/POPC and hBest1/SM
monolayers. These results offer evidence for the significance of intermolecular protein-lipid
interactions for the conformational dynamics of hBestl and its biological functions as
multimeric ion channel.

Pesrome
Yopemkuar nporenH Oectpodun-1 (hBestl) e TpancmeMOpaHeH kaHal, CBBpP3aH C
KaJIIIMA-3aBUCUMHISI TPAHCTIOPT HA XJIOPUIHU HOHU B IMTMEHTHUS €UTEN HA PeTHHATA, KAKTO
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U ¢ TpaHcnopTta Ha rimyramat 1 GABA B HepBHUTE KieTkH. B3aumopeiicTBusta mexxay hBestl,
cuHromuenuuy, (GochaTUIUIKONMHN M XOJECTepoNl ca OT pellaBalio 3HaueHHE 3a
aconmarusaTa Ha hBestl ¢ kimerpyHaTa MeMOpaHa U HEMHHUTE OMONOTHYHH PYHKIUU. THi KaTOo
XOJIECTEPONIBT UIPae KIOYOBA POJIS BbB (POPMHUPAHETO HA JIMIUAHU padToBe, MOAPEKIAHETO
Ha JIUIUAUTE U MOJEIIMPAHEeTO/PeMOIeIMPAHETO Ha JlaTepaHaTa CTpyKTypa Ha MeMOpaHa, Hue
u3cienBaxMe eeKTa Ha pa3IMyHU KOHIEHTPAIMU Ha XOJECTEPONl BBPXY MOBBPXHOCTHOTO
Hanpexxenue Ha hBestl/POPC  (1-manmurtonn-2- oneounn-Sn-riunepo-3-gocdoxonnn) u
hBest1l/SM JlanrMioepoBH MOHOCIOEBE B HPHCHCTBHETO/OTChcTBHETo Ha Ca®* iiomw,
W3MOI3BallKi U3MEPBaHMS Ha MOBBPXHOCTHO HAJSITaHE U M3CIIEJBAHUS C MUKPOCKOMHMS I0]
srei Ha bproctep. Tyk Hue cpoOmaBame, 4e xosecteponsbT: (1) MMa He3HaYHTEICH
KOHIeH3HpaI epeKT BbpXy urnctu hBest] MoHOCTOEBE, ITaBHO B IpHCheTBHETO Ha Ca?’ fionw,
u; (2) uHOYUMpa KOHJACH3UpAIl eeKT BbpXy KOMIO3UTHUTE MoHOcKoeBe oT hBestl/POPC u
hBest1/SM. Te3u pe3ynrtatu mpeajarat 10Ka3aTeiacTBa 3a 3HAYCHUETO Ha MEXKTyMOJICKYJIHUTE
MPOTEHH-JIMITUIHN B3aUMOJICHCTBHA 3a KOH(OopMaIlMoHHaTa AuHaMuKa Ha hBestl u Herosute
O01oJI0rMYHN (YHKIIUU KaTO MYJITUMEPEH HOHEH KaHaJl.

I'6. N. Mladenov, S. Petrova, T. Andreeva, V. Moskova-Doumanova, P. Videv, K.
Mladenova, J. Doumanov, Effect of cholesterol on mixed hBestl/lipid
monolayers, FEBS OPEN BIO, vol:11, issue: Suppl. 1, 2021, pages: 224-224,
doi:https://febs.onlinelibrary.wiley.com/doi/epdf/10.1002/2211-5463.13205
https://www.webofscience.com/wos/woscc/full-record/WOS:000668898601061

Abstract

Human bestrophin-1 (hBestl) is a calcium dependent chloride channel, expressed at the
basolateral membrane domain of retinal pigment epithelium. Mutations in hBEST1 gene are
linked to a group of pathologies referred as Bestrophinopathies. A new biological role for
hBest] has been proposed related to the neurodegenerative diseases such as Alzheimer’s and
Parkinson’s. As a transmembrane protein, hBest1 functional activity is strongly dependent of
its lipid environment. Here, we present the effect of cholesterol on mixed two-component
protein-lipid monolayers: hBest1/1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC)
and hBest1/sphingomyelin (SM) (in the presence of Ca?" ions). Using physicochemical
experiments (Previously published in: Videv P et al. (2021) Membranes 11 art. no. 52, pp. 1-
8) based on the surface pressure/mean molecular area (w/A) isotherms as a function of
cholesterol concentration, we showed that under the given conditions (35°C, close to
physiological), cholesterol exerts condensing effect on mixed hBestl/POPC and hBest1/SM
monolayers. /A isotherms are shifted to a higher surface pressure at a given molecular area,
and to a lower molecular area at a given © (Ax). This surface behavior of cholesterol is
associated with its structuring properties on membranes and association of hBest1 with enriched
cholesterol microdomains.

Pesrome

Yowemkuar 6ectpodun-1 (hBestl) e kanmuii-3aBucUM XJIOpEH KaHal, eKCIIPpECHpaH B
0azonarepaaHus MeMOpaHEH OMEH Ha PETHHAIHWS MUTMEHTEH enuTen. MyTanuure B reHa
hBEST1 ca cBbp3aHu ¢ rpymna narojoruu, Hapudanu oecrpopunonarun. [Ipeanoxena e HoBa
OuosorudHa poss 3a hBestl, cBbp3aHa ¢ HeBpoJereHepaTuBHU 3a00JIIBaHUs KaTo 00JecTTa Ha
Amxaiimep u [lapkuacon. Karo tpaHcMemOpaneH OenTbK, ()yHKIMOHAIHATA aKTHBHOCT Ha
hBest]l e cunHO 3aBUcMMa OT HeroBaTa JHMNHMAHA cpefa. Tyk mpezacraBsme edekra Ha
XO0JIECTeposia BbPXY CMECEHHM JIBYKOMIIOHEHTHH OENThK-TUMUIHM MOHocioeBe: hBestl/l-
MAIIMUATONII-2-051eon-SN-rimnepo-3-pocpoxomua (POPC) u hBestl/counromuenna (SM) (B
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npuckcTBreTo Ha Ca®* ifonn). M3non3Baiiku GU3HKOXMMIYHN eKCIIEPUMEHTH (ITyOIMKyBaHH
npenu ToBa B: Videv P et al. (2021) Membranes 11 art. no. 52, pp. 1-8), 6a3upanu Ha
M30TEPMHUTE Ha TOBBPXHOCTHOTO HAJISITaHE/CpeaHaTa MoJIeKyJHa Turon] (7/A) Kato GyHKIUS
Ha KOHIICHTpAIHSITa Ha XOJIECTePOJI, HUE MOKa3axMme, ue mpu najaeHute ycaosus (35°C, onusku
10 (U3UOJOTHYHHUTE), XOJIECTEPOIBT YIPAXKHSIBA KOHJACH3Upal] e(eKT BBPXY CMECCHHU
monocnoese hBestl/POPC u hBestl/SM. m/A u3oTrepMuTe ca M3MECTEHH KBM IO-BHCOKO
MOBBPXHOCTHO HAJISITaHE MPH J1aJIeHa MOJICKYJTHA TUTIOII H KbM MO-HUCKA MOJICKYJTHA TUIOII ITPH
naneHo m (Am). ToBa MOBBPXHOCTHO NOBEIEHUE HA XOJIECTEPOJIA € CBBP3aHO C HETOBUTE
CTPYKTYypHpAI¥ CBOWCTBA BbPXy MeMOpaHHWTe M acoruanusara Ha hBestl ¢ oboratenu Ha
XO0JIECTEPOJT MUKPOIOMEHH.

I'7. N. Mladenov, S. Petrova, K. Mladenova, D. Bozhinova, V. Moskova-
Doumanova, T. Topouzova-Hristova, P. Videv, R. Veleva, T. Andreeva, J.
Doumanov, Miscibility of hBestl and sphingomyelin in surface films - A
prerequisite for interaction with membrane domains, Colloids Surf B
Biointerfaces, vol:189, 2020, doi:10.1016/j.colsurfb.2020.110893
https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85079888303&d0i=10.1016%2fj.colsurfb.2020.110893&partner| D=40&md5=b9
9014eb0f9c56bc49baac717f91f79e
https://www.webofscience.com/wos/woscc/full-record/WOS:000527314700055

Abstract

Human bestrophin-1 (hBestl) is a transmembrane Ca?*- dependent anion channel,
associated with the transport of CI~, HCOs ions, y-aminobutiric acid (GABA), glutamate (Glu),
and regulation of retinal homeostasis. Its mutant forms cause retinal degenerative diseases,
defined as Bestrophinopathies. Using both physicochemical - surface pressure/mean molecular
area (mw/A) isotherms, hysteresis, compressibility moduli of hBestl/sphingomyelin (SM)
monolayers, Brewster angle microscopy (BAM) studies, and biological approaches — detergent
membrane fractionation, Laurdan (6-dodecanoyl-N,N-dimethyl-2-naphthylamine) and
immunofluorescence staining of stably transfected MDCK-hBestl and MDCK |1 cells, we
report: 1) Ca?*, Glu and GABA interact with binary hBest1/SM monolayers at 35 °C, resulting
in changes in hBestl surface conformation, structure, self-organization and surface dynamics.
The process of mixing in hBestl/SM monolayers is spontaneous and the effect of protein on
binary films was defined as “fluidizing”, hindering the phase-transition of monolayer from
liquid-expanded to intermediate (LE-M) state; 2) in stably transfected MDCK-hBestl cells,
bestrophin-1 was distributed between detergent resistant (DRM) and detergent-soluble
membranes (DSM) - up to 30 % and 70 %, respectively; in alive cells, hBestl was visualized
in both liquid-ordered (Lo) and liquid-disordered (Ld) fractions, quantifying protein association
up to 35% and 65 % with Lo and Ld. Our results indicate that the spontaneous miscibility of
hBestl and SM is a prerequisite to diverse protein interactions with membrane domains,
different structural conformations and biological functions.

Pe3rome

YogemkusaT 6ectpopun-1 (hBestl) e TpancMemOpanen Ca®*-3aBHCHM aHHOHEH KaHa,
cBbp3an ¢ Tpancnopta Ha Cl°, HCOg3 #ionu, y-amuHOOyTHpOoBa KucennHa (GABA), riryramat
(Glu) u perynupaneTo Ha XoMeocTazaTa Ha peTuHaTa. MyTaHTHUTE My (HOPMHU IMPUUMHSABAT
JereHepaTUBHU  3a00JIsiBaHMS Ha pETUHATa, OMNpeAeNsHU KaTo OecTpodUHONATHH.
W3non3Baiiku KakTo (M3MKOXMMHUYHM - H30T€PMHM Ha MOBBPXHOCTHO HasAraHe/CpeaHa
MOJIEKYyJIHA Tuion] (7/A), XHCTepe3uc, MOIyn Ha cBuBaeMocT Ha hBestl/chuHromuennHoBu
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(SM) monocnoese, u3cieaBanus ¢ Brewster vriioBa mukpockonus (BAM), Taka 1 OMOT0THIHI
MOJIXO/TH - ICTEPIeHTHO (ppaKIOHUpaHe Ha MeMOpaHa, orBetsiBade ¢ Laurdan (6-noaexanon-
N,N-mumerun-2-nadtwiaMua) W UMYyHO(UIYOPECIIEHTHO  OIBETSABaHE Ha  CTAOWIHO
tpancdextupann MDCK-hBestl 1 MDCK Il knetku, nue moxnaasame ue: 1) Ca®*, Glu u
GABA BzaumopeiictBar ¢ 6uHapau hBestl/SM monocioee npu 35 °C, koeto BOAHM 10
MIPOMEHHU B MOBBPXHOCTHATA KOH(pOpPMAIIUs, CTPYKTypa, CAMOOPTaHU3alls U MOBBPXHOCTHA
nuHamuka Ha hBestl. IIponecbkt Ha cmecBane B hBestl/SM MoHOCIOEBETE € CIIOHTAaHEH U
epeKThT Ha NpOoTeMHa BBPXYy OWHapHUTE (UIMH € ompeneneH Karo ,,hiayuausupaHe’,
BB3NPENATCTBANKY (Da30BUS MPEXO] HA MOHOCIIOS OT TEYHO-PA3IMUPEHO KbM MexAUHHO (LE-
M) cbcrosiaue; 2) B crabwino Tpanchexktupanu MDCK-hBestl knetku, 6ectpopun-1 e
pasmpeneneH Mexay pe3ucTeHTHH KbM jerepreHTH (DRM) u pa3rBopuMu B JeTepreHTH
(DSM) memOpanu - crotBeTHO 10 30% 1 70%:; B xuBM Ki1eTku, hBestl ce Bu3yanusupa KakTo
B TeuHo-nonapeacHu (Lo), Taka u B Teuno-HenoapeneHu (Ld) ¢gpakiuu, kaTto KOJIUYECTBEHO
orpejeNieHaTa acomuanus Ha nmpoteuHuTe € 10 35% u 65% c Lo u Ld, ckotBeTHO. Hamure
pe3ynTaTu IOKa3BaT, ue croHTaHHata cMmecBaemocT Ha hBestl m SM e mpenmocraBka 3a
pa3HoO0Opa3HU MPOTEUHOBH B3aWMOJACUCTBHS C MEMOpPAaHHU JIOMCHH, Pa3IMIHH CTPYKTYypPHU
KoH(popManuu U OUONTOrMYHU HYHKITUH.
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Topouzova-Hristova, N. Mladenov, K. Balashev, Z. Lalchev, J. Doumanov, Effects
of Ca2+, Gluand GABA on hBestl and composite hBest1l/POPC surface films.,
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Abstract

Bestrophinopathies are ocular diseases caused by mutations in the human bestrophin-1
(hBest1) — transmembrane Ca®*-activated chloride channel protein, mainly expressed in the
retinal pigment epithelium (RPE) cells. hBestl is also an important transporter for
neurotransmitters such as glutamate (Glu) and y-aminobutyric acid (GABA) in the nervous
system. Recently, a new biological role of hBestl, related to its possible involvement in the
pathology of brain diseases (Alzheimer’s, Parkinson’s disease) has been proposed. Here, we
report the effects of Ca?*, Glu and GABA on hBest1 and composite hBest1/POPC (1-palmitoyl-
2-oleoyl-sn-glycero-3-phosphocholine) Langmuir and Langmuir-Blodgett monolayers based
on surface dynamics (n/A isotherms, hysteresis and compressibility), morphology (Brewster
angle microscopy, BAM) and visualization of protein molecular organization (Atomic force
microscopy, AFM). Ca?* ions and neurotransmitters Glu and GABA affect hBest1 topology at
the air/water interface altering its surface activity, size, orientation and organization. In contrast,
no significant changes were detected on n/A isotherms and hysteresis of the composite
hBestl/POPC films but their effects on structure, aggregation state and orientation hBestl
established by BAM and AFM differentiate. We found that the binary films of hBestl and
POPC are phase separated at the air/water interface, suggesting stronger lipid-lipid and protein-
protein interactions than lipid-protein interactions that can significantly alter the molecular
organization and activity of hBest1 in cell membranes. Our data shed light on structure, surface
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behavior and organization of hBestl that define relationship structure-functional activity of
hBest1 as transport channel.

Pe3rome
becrpodunonarunre ca OuHH 3a0O0JABAHMS, MPUYUHCHH OT MYTAllMU B YOBEIIKHS
6ectpodun-1 (hBestl) — Tpancmembpanen Ca®’-akTuBHpaH XJIOpeH KaHaleH IIPOTEHH,

eKCIIpecHpaH IJIaBHO B KJICTKUTE Ha MUrMeHTHUs enutel Ha peruHata (RPE). hBestl e chio
Ba)XCH TPAHCIIOPTEP 32 HEBPOTPaHCMUTEPH Kato riayramar (Glu) u y -aMuHOMAaceHa KucenuHa
(GABA) B HepBHata cuctema. Hackopo Gerie npeioskeHa HoBa 6rosiornyHa posist Ha hBestl,
CBBbp3aHa C BH3MOXKHOTO MY y4acTHE B MATOJIOTHATAa HA MO3bYHM 3a0oisBaHus (OonecT Ha
Amuxaiimep, 6onect Ha ITapkuncon). Tyk noknansame edexrute Ha Ca®*, Glu 1 GABA BBpXy
hBestl 1 komnoszutaute hBestl/POPC (1-nmanmuronin-2-oneoun-Sn-raumepo-3-hpochoxonnn)
Jlaurmioeposu u Jlanrmioep-biiogxeToBu MoHOCIOEBE, Oa3upaHy HAa MOBLPXHOCTHA TMHAMUKA
(n/A wu30oTEepMH, XUCTEpPE3UC W CBHBaEMOCT), Mopdoiorusra (briioBa MHKPOCKOIHS Ha
Bproctbp, BAM) 1 Buzyanuzanusita Ha MOJIEKYJISIpHATa OpraHU3allys Ha IPOTEUHUTE (AaTOMHO-
cunosa mukpockornus, AFM). Ca?* #ionu u HeBpoTpancmutepute Glu 1 GABA BIussT BpXy
tononorusita Ha hBestl Ha rpaHunara BB3AyX/Boja, MPOMEHSIIKM HeroBaTa MOBHPXHOCTHA
aKTUBHOCT, pa3Mep, OpPUEHTAallus W OpraHu3alus. 3a pasjivka OT TOBAa, HE YCTaHOBUXME
3HAYUTENIHA MPOMEHHU B T/A m3oTepMute U Xxuctepesuca Ha xommozutHure hBestl/POPC
¢buMu, HO TEXHUTE €PEKTH BBPXY CTPYKTypaTa, arperalliOHHOTO ChbCTOSIHUE U OPHEHTAIUATA
Ha hBestl, ycranoBenu upe3 BAM u AFM, ce pa3nuuaBaT. YcTraHOBUXME, Y€ OMHApHUTE
¢bunmu Ha hBestl m POPC ca ¢a3oBo pasnmeneHn Ha TrpaHHIaTa BB3IyX/BOJa, KOETO
MpeJroara no-CUJIHA JTUIUA-TUIHIHU U IPOTEHH-TIPOTEMHOBU B3aUMO/ICHCTBHS, OTKOJIKOTO
JUMHAI-TIPOTEUHOBU B3aUMOCHWCTBUS, KOUTO MOTAaT 3HAYUTEIIHO J]a TPOMEHST MOJICKYJIsipHATA
opranuzanus U akTuBHocTTa Ha hBestl B kierpunure memOpanu. Hammre nanHu XBBPIAT
CBETIIMHA BBPXY CTPYKTypaTa, MOBBPXHOCTHOTO TOBEIACHHWE M opraHu3aiusra Ha hBestl,
KOUTO OMNpeAeNsaT Bpb3KaTa CTPYKTypa-(QyHKIMOHATHA aKTHUBHOCT Ha hBestl karo
TPaHCIIOPTEH KaHaJ.

9. K. Mladenova, S.Petrova, T. Andreeva, V. Moskova-Doumanova, Z. Lalchev,
J. Doumanov, Effect of Ca2+ ions on Bestrophin-1 interaction with 1-palmitoyl-
2-oleoyl-sn-glycero-3-phosphocholine in surface films, FEBS Journal, vol:282,
issue:S1, 2015, pages:319-320, ISSN (print):1742-464 X, ISSN (online):1742-4658
https://www.webofscience.com/wos/woscc/full-record/WOS:000362570606020

Abstract

Bestrophin-1 (Bestl) is a transmembrane multifunctional protein, expressed in the
plasma membrane of retinal pigment epithelium. Bestl may acts as Ca?* activated chloride
channel or/and regulator of voltage-gated Ca?* channels. Its interactions with the plasma
membrane lipids are important for the conformation, oligomerization and functional activity.
Studies in this field have not been performed so far as the protein was not purified to
homogeneity. Our group published an original methodology for isolation and purification of
sufficient quantities of functionally active human recombinant Bestl from stably transfected
MDCK cells.

Our interest has been focused on the effect of Ca®* ions on Best1 interactions with 1-
palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) in Langmuir monolayers since it is
the most abundant phospholipid of animal cell membranes.

The w/A (surface pressure/area) isotherms and compression/expansion isocycles of
Best1, POPC and Best1/POPC monolayers were recorded in absence and presence of Ca?* in
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the subphase. The effect of Ca?" on the morphology of monolayers was observed by Brewster
angle microscopy (BAM).

Our study shows that the incorporation of Ca?* in the subphase does not change the
shape of /A isotherms but decrease the mean molecular area of Best1, POPC and Best1l/POPC
monolayers. These results correlate well with BAM images representing that the presence of
Ca?" induces the formation of lipid/protein macromolecular aggregates (Best1/POPC clusters)
during monolayers compression. We assume that Ca?* ions play role for interaction of Bestl
with POPC at physiological conditions in the cell.

Pe3rome

becrpodun-1 (Bestl) e TpancmMemOpaHeH MYyJTH(QYHKIIMOHAIEH IPOTEHH,
eKCIpecHpaH B IUIa3MeHaTa MeMOpaHa Ha MUTMEHTHHA €MHTeN Ha peTuHaTa. Bestl moxe na
neiictpa kato Ca®" akTMBMpPaH XJIOpEeH KaHAJ MIM/U PEryJIaTop Ha MoTeHIuan-3apucumu Ca’*
kaHanu. HeroBure B3anMopaeWcTBHs € JUIMAMTE Ha IJIa3MEHaTa MeMOpaHa ca BaKHU 3a
KoHpopMalusaTa, oJMromepusanusaTa U (yHKIMOHAIHATa My aKTUBHOCT. [locera He ca
IIPOBEXKIaHU HU3CJEIBAHUS B Ta3u 00JacT, Tb KaTO NPOTEUMHBT HE € OWJ MPEYUCTeH 0
XoMoreHHocT. Hamata rpyna myOauKyBa OpHUIMHAJIHA METOJOJOTMsS 3a M30JMpaHe Hu
MPEeYNCTBaHE Ha JIOCTAThUYHU KOJIWYECTBA (DYHKIIMOHAHO AKTHBEH YOBEIIKH PEKOMOMHAHTECH
Bestl ot crabunno Tpancextupann MDCK kietku.

Hammst uatepec e Gokxycupan Bbpxy edekra Ha Ca®* HoHM BBPXyY B3aMMOJEHCTBHATA
Ha Bestl c¢ 1l-manmuroni-2-oneomn-sn-riaumepo-3-pochoxonun (POPC) B JlanrmroepoBu
MOHOCJIOEBE, THH KaTO TOBa € Hail-pa3npocTpaHeHusAT Qoconumnuy B MeMOpaHHTE Ha
KUBOTHHCKHUTE KIJIETKU.

N3orepmure /A (IOBBPXHOCTHO HaJIATaHe/TII0T) u W30LUKIINTE
koMmIpecust/pasmupenne Ha MoHocnoeBete Bestl, POPC u Bestl/POPC 6sixa peructpupanu
TIpH OTChCTBHE 1 IpucheTBHe Ha Ca®’ B cyOdazata. EdextsT Ha Ca?’ BBPXY MOpdOIOTHATa HA
MOHOcJI0eBeTe Oelle HaOr0AaBaH upe3 bIriloBa MUKpockonus Ha bproctsp (BAM).

Hamero npoyuBane mokasBa, uye BkiIrouBaHeTo Ha Ca2+ B cyO¢aszara He NMpOMEHs
¢dopmara Ha m/A M30TEpMUTE, HO HaMallsBa CpeJHATa IUIOIL 32 MOJIEKYyJia Ha MOHOCIIOEBETE
Bestl, POPC u Bestl/POPC. Te3u pesynratu kopenupaT aoope ¢ BAM uzobpaxenusra,
TI0Ka3BaIy, ye Hanuuueto Ha Ca?’ uHAyIMpa 06pa3yBaHETO HA MAKPOMOIEKYJIHH arperaTy OT
munuan/nporennu (kaberepu Bestl/POPC) mo Bpeme Ha kommpecusita Ha MOHOCIIOEBETE.
pennonarame, ue Ca?* Honute urpast pons 3a B3aumoneiicteuero Ha Bestl ¢ POPC mpu
(U3HMOIOTMYHY YCIIOBHS B KJIETKATA.
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Biointerfaces, Tom:122, 2014, cr1p.:432-438, ISSN (print):0927-7765, ISSN
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Abstract

Human bestrophin-1 (hBestl) is a transmembrane channel protein, predominantly
expressed in the membrane of retinal pigment epithelium (RPE) cells. Although it is clear that
hBest1’s interactions with lipids are crucial for its function such studies were not performed as


https://www.scopus.com/inward/record.uri?eid=2-s2.0-84910034787&doi=10.1016%2fj.colsurfb.2014.01.045&partnerID=40&md5=8d58c74e88a35999dc4ba6590d5d3055
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84910034787&doi=10.1016%2fj.colsurfb.2014.01.045&partnerID=40&md5=8d58c74e88a35999dc4ba6590d5d3055
https://www.scopus.com/inward/record.uri?eid=2-s2.0-84910034787&doi=10.1016%2fj.colsurfb.2014.01.045&partnerID=40&md5=8d58c74e88a35999dc4ba6590d5d3055
https://www.webofscience.com/wos/woscc/full-record/WOS:000343612900054

the protein was not purified. Here we describe an effective purification of hBestl from Madin-
Darby Canine Kidney (MDCK) cells via simple gel-filtration and affinity chromatographic
steps, which makes possible to probe the protein interplay with lipids. The interaction of the
purified hBest1 with 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine(POPC) was studied in
Langmuir monolayers. The surface pressure (r)-area (A) isotherms and compression/expansion
isocycles of POPC monolayer were recorded in absence and presence of hBest1 in the subphase.
The n(A) isotherms were analyzed in terms of surface compressional modulus and via two-
dimensional virial equation of state. The dilatational rheological properties of the surface films
and their surface potential were also measured. The morphology of the films was observed by
Brewster angle microscopy. The inclusion of the protein in the film subphase does not lead to
in-depth penetration ofhBestl but interaction takes place in the headgroup region of the
monolayer. The hBest1/POPC interaction resulted in formation of more condensed films, which
rheological properties and lateral structure differed significantly from the pure POPC
monolayers. Our study sheds light on the still unclear question how hBest1 gets in touch with
biomembrane phospholipids of eukaryotic cells that might be of key importance for the proper
structure and function of RPE biomembranes.

Pe3rome

Yopemkusat 6ectpodun-1 (hBestl) e TpancMeMOpaHeH KaHajaeH MPOTEHH, MPEAUMHO
eKcIpecupaH B MeMOpaHaTa Ha KJIETKUTE Ha peTuHanHus nurMenteH enuren (RPE). Beopeku
4e € sICHO, ue B3auMoieiicTBusTa Ha hBestl ¢ innuanTe ca oT pelaBalio 3HaueHUe 3a Heropara
(GyHKIMA, TAKMBA U3CIIEIBAaHUS HE Ca MPOBEXKIAaHHU, Thil KaTO MPOTEUHBT HE € OMII PEYHCTEH.
Tyk onucame edpekTrBHO npeurictBane Ha hBestl ot kinerku ot nuausata (MDCK - Madin-
Darby Canine Kidney cells) upe3 npoctu crbnku Ha ren Quiarpanus u aQUHUTETHA
Xxpomarorpagusi, KOeTo IPaBU Bb3MOKHO U3CIIEBAHETO HA B3aUMOJICHCTBUETO HA IPOTEHUHA C
munuauTe. BsammoneiictBuero Ha mnpeunctenus hBestl ¢ 1-manMuTouni-2-omeoni-Sn-
rinuuepo-3-pochoxonun (POPC) e uzcnensano B MoHocnoeBe Ha Langmuir. M3otepmute Ha
MOBBPXHOCTHO HausiraHe (m)-tuioml (A) W HM3OLMKIUTE Ha KOMIIPECHs/paslIpeHre Ha
MoHocnost Ha POPC ca peructpupanu B oTChCTBHE M IpuchcTBUE Ha hBestl B cyOdasara.
N3otepmure m(A) ca aHaTM3UpaHU 110 OTHOIICHNE HAa MOJyJIa HA TIOBBPXHOCTHA KOMITPECHS U
ype3 JBYMEPHO ypaBHEHHE Ha CBhCTOSHHUETO. [lUIaTallMOHHHUTE PEOJOTMYHHM CBOICTBa Ha
MOBBPXHOCTHUTE (QHJIMH W TEXHUAT MOBBPXHOCTEH TMOTEHIMAT CBHIIO OsfXa H3MEpEHH.
Mopdonorusra Ha GuamuTte Oerle HabI01aBaHa Ype3 MUKPOCKONUS MO bI'bJ Ha bprocTsp.
BxirouBanero Ha mporenHa B cyO¢azara Ha QuiiMa He BoJelIe 0 AbJIOOKO MPOHUKBAHE Ha
hBestl, a B3aumoJeicTBUETO ce OChIIECTBABAIIE B OOJIACTTa Ha TJaBUTE€ Ha MOHOCIOS.
Bsaumoneiictsuero hBestl/POPC noBene no obpazyBaHeTO Ha MO-KOHAEH3UPAHU (QHIMH,
YUUTO PEOJIOTHYHM CBOMCTBA U JIaTepaliHa CTPYKTypa ce paziryaBaxa 3HauUTEIHO OT YACTHUTE
POPC wmonocnoese. Hameto mpoyuBaHe XBbpisl CBETIMHA BbpPXY BCE OLLIE HEU3SCHEHUS
BbIpoc kak hBestl ce cBbp3Ba ¢ GmomemOpanHuTe hochonunuan Ha eyKapuOTHUTE KIIETKH,
KOETO MOXXK€ Jla € OT KIIIOYOBO 3HAa4YeHWE 3a MpaBHIIHATA CTPYKTypa M (YHKIUS Ha
O6romMeMOpaHuTe B KJIETKUTE Ha PETUHAIHUS IOTMEHTEH EUTEl.

I. 11 R. Ganeva, D. Parvanov, M. Handzhiyska, M. Ruseva, N. Stamenova, V.
Moskova-Doumanova, G. Stamenov, How does the intrauterine administration
of PBMC improve the endometrial immune environment?, Journal of
Reproductive Immunology, issue:170, 2025, pages:104599-0
https://doi.org/10.1016/j.jri.2025.104599
https://www.webofscience.com/wos/woscc/full-record/W0OS:001546538800028
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OBJECTIVE: The reproductive community is hesitant to endorse the use of immune
therapies such as intrauterine administration of autologous peripheral blood mononuclear cells
(PBMC) for endometrial modulation in patients with repeated implantation failure (RIF). The
main reason for this is the lack of objective indicators of the effect of these therapies. In
addition, reproductive specialists are actively seeking approaches to study the specific mode of
action of these therapies. Our previous study found a strong correlation between
immunohistochemically examined immune ratios in the endometrium and successful
implantation. Therefore, the aim of this study was to assess the effect of intrauterine
administration of PBMC on the endometrial immune environment during I\VF procedures.

METHODS: Prospective before/after study, that includes eighteen women, IVF patients,
who had appointed intrauterine administration of autologous peripheral blood mononuclear
cells (PBMC) were included in the study. Eligibility criteria were: having 2 or more
unsuccessful embryotransfers with euploid embryos, absence of endometrial pathologies,
absence of genetic, autoimmune endocrine diseases. The study was approved by IRB
10/12.04.2022. All participants have signed written informed consent.

Two endometrial biopsies were taken from each patient. The first biopsy was obtained 1-
month prior PBMC administration, on day 7 after LH peak (LH+7). The next month they had
intrauterine administration of autologous PBMC on day LH+5. The second endometrial sample
was taken 2 days after PBMC administration, also on day LH+7, the next month regular single
frozen embryo transfer (FET) on day LH+7 of euploid embryo was performed.

All endometrial samples were subjected to immunohistochemical staining against total T
(tT), T helpers (Th), T killers (Tk), NK cells and Macrophages (M®) and were analysed on
HALO visual software for cell quantification. Immune ratios NK/T, Tk/T, Th/T, M®/T, Th/Tk
and Th/M® were evaluated.

PBMCs were obtained on day 4 after LH peak (LH+4) from 4 ml whole peripheral blood
after gradient centrifugation for 25 min at 400 G. The PBMC content was analysed on
FACSLyric. The buffy coat was isolated and cultivated for 24 h at 36.6°C. The media cytokines
concentrations were measured by ELISA. In the same cycle, on day LH+5 of the menstrual
cycle the cultivated PBMCs along with the culture media were administered in the uterine
cavity under ultrasonographic guidance.

Standard single frozen embryo transfer of euploid embryo was performed and the
outcome was assessed 14 days flowing FET by measuring blood hCG.

The evaluated immune cell ratios were compared before and after the treatment. Data
analysis was performed on SPSS.

RESULTS: When the immune cell content and ratios were compared before and after
the PBMC administration turned out that the Th percentage was significantly elevated following
PBMC administration 0.58% (1.10) vs. 1.52% (1.49), p=0.003. The other immune cell
percentages remained unchanged (p>0.05). When the immune cell ratios were compared before
and after the treatment, Th/tT (0.17 (030) vs. 0.32 (0.39), respectively, p=0.31), Th/Tk (0.32
(0.44) vs. 0.55 (0.62), respectively, p= 0.011) and Th/M® (0.17 (0.31) vs. 0.46 (0.42),
respectively, p=0.037) were significantly elevated, while NKAT, Tk/tT and M®/tT remained
similar (p>0.05).

Of the 18 patients included, 11 went through embryotransfer and 36.4% (4/11) of them
had successful embryo implantation. When the immune ratios (after the treatment) were
compared between successful and unsuccessful implantation groups it turned out that M®/tT
ratio was significantly higher after the PBMC administration in patients with successful embryo
implantation (1.93 (1.24) vs. 0.67 (1.08), respectively, p= 0.006). The other observed immune
cell ratios were not significantly different between the two groups (p>0.05).

When the immune ratios were compared before and after the PBMC administration in the
successful embryo implantation group it turned out that, again, M®/tT ratio was significantly



higher following treatment (1.21 (1.16) vs. 1.93 (1.13), respectively, p=0.048), despite M® and
tT cell percentages being similar before and after the PBMC administration (p>0.05). The other
immune cell ratios did not differ before and after the treatment. Therefore, an elevated M®/tT
ratio may serve as a potential indicator of treatment efficacy and could contribute to successful
embryo implantation in these women.

CONCLUSIONS: In our previous study the endometrial Th/tT, Th/Tk, Th/M®, NK/T,
Tk/tT and M®/tT ratios were significantly higher in women with successful embryo
implantation. Here in this study, we observe that PBMC administration elevates Th/tT, Th/Tk
and Th/M® ratios and furthermore M®/tT is significantly higher in women with successful
embryo implantation following PBMC treatment. The elevated M®/tT ratio following
treatment may have contributed to the successful embryo implantation in the women who
achieved pregnancy. Therefore, PBMC administration improves the endometrial immune
environment in elevating Th/tT, Th/Tk and Th/M® ratios and may improve the endometrial
embryo receptivity by elevating M®/tT ratio.

LEJI: PenponykTrBHATa OOIIHOCT ce Kosebae Jja mpenopbya U3MOJI3BaHETO HA HIMYHHH
Tepanuy, KaTo HampuMmep BbTPEMATOYHO IMPHJIOKEHHE HA aBTOJOXKHU NepudepHU KPbBHU
MoHoHYKJeapHu kieTku (PBMC) 3a engoMerpuanta MogyIanus Opy NAaUEHTH C TOBTapAIIa
ce uMiutantanuonHa Heycnex (RIF). OcHoBHaTa mpuuuHa 3a TOBa € JIMIcaTa Ha OOEKTUBHU
noKaszareiu 3a eexra Ha Te3u Tepanuu. OCBeH TOBa, pePOTYKTUBHHUTE CIICIIMATINCTH aKTUBHO
TBPCAT MOAXOM 3a M3yYaBaHE Ha crelu(UYHUS MEXaHU3bM Ha JeficTBUE Ha TE€3U TEpaIluu.
Hame mnpenumHo mnpoydBaHE YCTAaHOBU CHJIHA KOpeJalusi MEXJIy HMYHOXHCTOXUMHUYHO
U3CIIeABaHUTE UMYHHU ChOTHOLICHMs B €HIOMETPUYMa U yclielHaTa uMiutanranus. [lopanu
TOBa, IIEJITa HA HACTOSIIOTO NpOy4YBaHE Oemie Ja ce OIEeHH e(eKTHT OT BBTPEMATOYHOTO
npunoxxenue Ha PBMC Bbpxy eHJloMeTpualiHaTa UMyHHa cpea no BpeMe Ha [VF nponenypu.

METO/IM: ToBa e NpPOCIEKTHBHO IMPOyYBAaHE TMPENu/Ciell, KOETO BKIOYBAIIE
oceMHajieceT >keHH, [VF manueHTH, Ha KOUTO € Ha3HA4Y€HO BBHTPEMATOYHO INPUIIOKECHHUE HA
aBTONIOKHM TiepudepHr KpbBHU MoHOHyKJeapHu kietku (PBMC). Kpurepuure 3a
JOMyCTUMOCT Osixa: HAJIM4Me Ha 2 WJIM MOBeYe HeyCIelIHU eMOpHoTpaHcdepa ¢ eyIUIOUIHN
eMOpHOHM, JIMIICA HAa EHJOMETPUAJIHM NATOJOTHH, JHUICA HAa TE€HEeTUYHH, aBTOUMYHHHU
eHJIOKpUHHU 3a0oisBanud. [IpoyuBanero e omobpeHo ot IRB 10/12.04.2022. Bcuuku
YYaCTHUIM ca MOANHUCAIN MUCMEHO HHPOPMUPAHO ChIIACHE.

OT Beska ManMeHTKa ca B3eTH JIBe eHJoMeTpuanHu ouoncuu. I1spBaTta 6uoncus e B3era
1 mecenr mpeau npuiaranero Ha PBMC, na 7-us nen cnen nuka Ha LH (LH+7). Ha cnenpammmst
MeCEI] UM € NIPUIIOKEHO BbTPEMATOYHO aAMUHHUCTpUpaHe Ha aBTos10kHM PBMC Ha nen LH+5.
Bropara ennomerpuanna npoba e B3era 2 aHu ciep npunaraHero Ha PBMC, cpiio Ha neH
LH+7, a Ha crieaBamusi Mecel] € W3BbpIIEH peloBeH TpaHcdep Ha €AMHUYEH 3aMpas3eH
eyrmonJieH eMOpHuoH Ha jeH LH+7.

Benuku engomerpuanHu mpobu ca MOJUI0KEHW Ha MMYHOXMCTOXMMHYHO OLIBETSIBaHE
cpemty oo T-knptku (tT), T xennepu (Th), T youiinm (Tk), NK kinerku u makpodaru (MD)
U ca aHanu3upanu ¢ BusyaneH coptyep HALO 3a komuMuecTBEHO OIpesesissHe Ha KIETKUTE.
Onenenu ca umynnute crotHotenust NK/T, Tk/T, Th/T, M®/T, Th/Tk u Th/M®.

PBMCs 6sixa monmyuenu Ha 4-us nen cnen nuka Ha LH (LH+4) or 4 ml tortanHa
nepudepHa KpbB clie/l TpaiueHTHO HeHTpodyrupane 3a 25 munytu npu 400 G. CpabpxaHHEToO
Ha PBMC Oeme ananmsupano va FACSLyric. Knetkure ot o0pa3yBanus cedsir mpberer (buffy
coat) Osxa wu30oMMpaHa W KyJATHBHpaHa B MpOAb/DKeHHe Ha 24 daca mpu 36,6°C.
KoHneHnTpanuuTe Ha MUTOKMHU B XpaHUTENHATa cpesa Osixa usmepenu upe3 ELISA. B cpims
nuKbyI, Ha JgeH LH+5 or wmeHcTpyanHus nukbn, KyatuBupanute PBMCs 3aemHo ¢
XpaHHUTEIHATa cpesia Ogxa MPUIOKEHH B MATOYHATA KYXMHA MOJ] YITPa3ByKOBO HAOJIIOICHHE.



Crnen u3BBpILIEH € CTaHAapTeH TpaHcdep Ha eNMHUYEH €yIUIOUACH 3aMpa3eH eMOpUOH,
pe3yaTarsT e oueHeH 14 nuu cnex npemunaBane Ha FET upes usmepBane na hCG B kpbBTa.

OneHeHUTE CBHOTHOIICHHS HAa HMMYHHUTE KJIETKM OfXa CpaBHEHU INpeaud U clel
JIeYeHUETO. AHANM3BT HA JaHHUTE Oerie u3BbpIiieH Ha SPSS.

PE3YJITATHU: Koraro chabp>KaHUETO U ChOTHOIICHHUITA HA UMYHHUTE KJICTKU Osxa
CpaBHEHH Tipenu u ciief npuiaraneto Ha PBMC, ce okasa, ye nmponeHTsT Ha Th € 3HaYuTeHO
noBulleH cien npuinarane Ha PBMC - 0,58% (1,10) copsmo 1,52% (1,49), p=0,003.
[IponieHTTEe Ha OCTaHAIUTE MMYHHHM KIJIETKH ocTraHaxa Henmpomenenu (p>0,05). Koraro
CHOTHOILICHUSITA HA MMYHHHUTE KJIETKM OfXa CpaBHEHM mpedau M ciuen jedeHueto, Th/tT
(cvotBeTHO 0,17 (0,30) cnpsimo 0,32 (0,39), p=0,31), Th/Tk (crotBeTHO 0,32 (0,44) cipsimo
0,55 (0,62), p=0,011) u Th/M® (cwrotBeTHO 0,17 (0,31) cupsmo 0,46 (0,42), p=0,037) Osixa
3HauuTeHo nmoBuiieHu, qokaro NK/AT, Tk/tT u MO/tT ocranaxa cxomguau (p>0,05).

Ot Brirouenure 18 manuenty, 11 npemunaxa npe3 emopuotpancdep u 36,4% (4/11) ot
TAX HMMaxa ycCIellHa eMOpHMOHHA MMIUTaHTanua. Koraro MMyHHUTE CHOTHOIIEHHS (cren
JICYEHUETO) Os1Xa CpaBHEHU MEX]ly TPYIIUTE C yCIIENIHa U HeYCIIeIIHA UMIUIAHTallks, Ce 0Ka3a,
ye cpoTHomeHneto M®D/tT e 3HaumTenHO TO-BHUCOKO ciex mpuiaraHero Ha PBMC mpu
MAIUEHTH ¢ ycIelTHa eMOproHHa uMIUTaHTanus (cporBeTHo 1,93 (1,24) copsimo 0,67 (1,08), p
= 0,006). Hpyrure HabmroaBaHu CHOTHOIICHUS HA MMYHHUTE KJIETKH HE C€ pa3iuyaBaxa
3HAYUTEIHO MKy aBete rpymnu (p>0,05).

Koraro umyHHHTE ChOTHOLIEHUS Os1Xa CpaBHEHHU Mpeau U ciiel npunaranero Ha PBMC
B IpyImara ¢ ycrenrHa eMOpHOHHA UMIUIaHTAIMs, Ce 0Ka3a, 4e OTHOBO choTHOIIeHHneTo M®/tT
€ 3HAYUTEJIHO MO-BHCOKO ciejn JeueHuero (cporBetHo 1,21 (1,16) cnpsamo 1,93 (1,13), p =
0,048), Bbrpexku ue mpoueHTuTe Ha M® u tT kieTkure Osxa CXOAHU TPEAU U CIeH
npwiaraneto Ha PBMC (p>0,05). [pyrure CcbhOTHOIIEHHUS Ha HWMYHHHUTE KJIETKH HE Ce
pasnuyaBaxa mpend u cieq jgedeHueto. CrienoBaTeNHO, MOBHUIIEHOTO choTHOIIeHHe M®/tT
MOJKE J1a CITYKH KaTO NOTEHLMAJIEH UHAUKATOP 3a €()UKaCHOCTTA Ha JICYEHUETO U OU MOTJIO J1a
JIOTIPUHECE 3a yCMelllHa UMIUIAHTaIUsl HA eMOPHOHU TPU TE3HU KEHH.

SAK/IIOYEHUS: B npeauimHoTO HU NpPOYYBAaHE CHOTHOLICHUSTA €HAOMETPUATHU
Th/tT, Th/Tk, Th/M®, NK/T, Tk/tT u M®/tT 6sixa 3HaAYUTENHO TMO-BUCOKU TMPH KEHU C
ycremHa eMOproHHa UMIUIaHTalus. B ToBa mpoyuBaHne HaOnogaBame, 4e MPUIOKEHUETO Ha
PBMC mnosumiaBa ceotHomeHusta Th/tT, Th/TKk u Th/M® u ocser ToBa M®/tT e 3HaYMTEIHO
M0-BUCOKO IpU EHH C YyclellHa eMOpuOoHHa uMIUIaHTauus cien Jyedenune ¢ PBMC.
[ToBumenoto croTHOUeHne M®/tT crnex geueHHeTo MoXe Ja € JOMPHUHECIO 3a yCIHellHaTa
eMOpHMOHHA HWMIUIAHTallUg TMpH JKEHUTe, MOCTUTHaIU OpeMeHHocT. CreaoBaresiHo,
npunoxkennero Ha PBMC momo0OpsiBa eHgoMeTpualiHaTa UMYHHa cpella, KaTo MOBHIIABa
cboTHomeHusita Th/tT, Th/Tk u Th/M®, u moxe na nogoOpHU pELENTUBHOCTTa KbM
eMOpHOHHTE Ha €HJOMETPUYMa, KaTo MOoBHUIlIaBa CbOTHOIIEeHNeTo MD/tT.

I'’2. R. Ganeva, D. Parvanov, V. Moskova-Doumanova, M. Ruseva, M.
Handzhiyska, N. Vidolova, T. Tihomirova, S. Chapanova, D. Metodiev, G.
Stamenov, Endometrial immune cell ratios alterations following administration
of immunomodulated PBMC, Journal of Reproductive Immunology, 2025,
doi:10.1016/j.jri.2024.104375
https://www.webofscience.com/wos/woscc/full-record/\WWOS:001422987100041

Introduction with objective: One of the most promising immune treatments of patients
with recurrent implantation failure is the intrauterine administration of immunomodulated
peripheral blood mononuclear cells (PBMC). In order to describe the mechanism of action of
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this treatment on endometrial immune environment, we compared the endometrial immune cell
composition before and after intrauterine administration of immunomodulated PBMC.

Methods: In total 28 endometrial biopsies were obtained from 14 women (30- 46 years
old), without endometrial pathologies, and having planned intrauterine administration of
PBMC. Samples were obtained one month before the administration of PBMC on day 5 after
luteinizing hormone (LH) peak and 4 days after the treatment. PBMCs were isolated from 12
ml blood after density gradient centrifugation using Pancoll (60100,Biotech) and were
incubated in RPMI medium supplemented with 50 IU/ml IFNt for 24h at 37°C. All samples
underwent immunohistochemical staining against total T (tT) cells (CD3,1S503,Dako), T helper
(Th) cells (CD4,1S64930-2,Dako), T killer (Tk) cells (CD8,1S62330-2,Dako), natural killer
(NK) cells (CD56,1S62830-2,Dako) and macrophages (M®) (CD68,IS61330, Dako) using
Novolink detection system (RE7280, Leica) according to the manufacturer’s instructions. All
slides were captured as tiff images at 40x magnification and the immune cells were quantified
by HALO software (Indica Labs). Data were presented as percentage of positively stained
stromal cells and immune cell ratios. This study was approved by the IRB (N7/28.02.2023) and
has registered clinical trial (RCT: NCT05775211).

Results: No differences in the mean+SEM immune cell percentages of the studied cells
before and after the performed treatment were found: 4.85+0.66% vs. 5.89 £0.78% tT cells,
1.13+0.34% vs. 1.13+0.33% Th cells, 7.66 £1.61% vs. 7.67£1.70% NK cells, 4.54+1.06% vs.
4.7+0.85% MDs and 3.00+£0.39% vs. 3.47+0.62% Tk cells. Most of the immune cell ratios also
did not show significant difference before and after the treatment: 1.62+0.29 vs. 1.27+0.23
NKAT, 0.23 £0.06 vs. 0.34+0.05 Th/tT, 0.93+0.18 vs. 0.89+£0.19 M®/T, 0.45+0.15 vs.
0.62+0.11 Th/Tk. There was however difference in the mean Th/M® ratio being 0.28+0.07
before the treatment and 0.58+0.15 after the PBMC administration (p=0.05).

Conclusion: In conclusion, while no difference was observed in the quantities of the
immune cells before and after the administration of immunomodulated PBMC, the Th/M® ratio
was significantly higher after the treatment.

BobBenenue ¢ nea: Enun or Haif-oOemaBamure MMyHHM METOAM 3a JIeUEHHE Ha
MAIMEeHTH C PEIUANBHUPAIIY UMIUTAHTAIIMOHHH HEYCIIEXH € BhTPEMAaTOYHOTO TPUIIOKEHUE Ha
UMYHOMOAYJIHUpaHu nepudepHu KpbBHU MOHOHYKJIeapHU kieTku (PBMC). 3a na onumem
MeXaHW3Ma Ha JIeiCTBUE Ha TOBA JICUEHHE BbPXY €HAOMETpHATHATA IMyHHA Cpe/ia, CPABHUXME
CbCTaBa Ha €HJIOMETPHUATHUTE UMYHHH KJIETKH MPEIU U cje]l BBTPEMATOYHO MPUIIOKEHHE Ha
umyHoMmoaynupanu PBMC.

Metoam: O61mo0 28 eHgoMeTpuanHu 6uoncuu 6s1xa noiaydeHu ot 14 xenu (Bp3pact 30-
46 rogunu), 6€3 eHJOMETPHAIIHU MATOJIOTHH U C IUIAaHUPAHO BHTPEMATOYHO MPUIIOKEHUE Ha
PBMC. IlpoGute Osixa moiny4yeHu eAuH Mecel] npeau npuioxennetro Ha PBMC, na 5-us nen
cinen nuka Ha JytemHusupanius xopmon (LH) um 4 nuu cnen neuenumero. PBMC 6sixa
u3zonupanu or 12 ml kpbB ciex HeHTpodyrupaHe B IUTBTHOCTEH TPaJUEeHT, U3MOJI3BAMKH
Pancoll (60100, Biotech) u 6sixa uakyoupanu B RPMI cpena, nonbianena ¢ 50 [U/ml IFNt, 3a
24 yaca npu 37°C. Bcuuku npoOu ca MoAnokKeHn Ha MMyHOXHUCTOXUMHUYHO OLIBETSIBAaHE CPELLy
obmu T (tT) kerku (CD3, IS503, Dako), T-xennepuu (Th) kiaerku (CD4, 1S64930-2, Dako),
T-kumbpu (Tk) xknetku (CDS8, 1S62330-2, Dako), knerku ecrectBenu yowuiinu (NK) (CD56,
1S62830-2, Dako) u makpodarn (M®D) (CD68, 1S61330, Dako), n3mon3Baiiki cuctema 3a
nerexkuus Novolink (RE7280, Leica), chriiacCHO MHCTPYKIMUTE Ha MPOU3BOIUTENSA. Beuuku
npenapaTH ca 3acHeTd karto tiff n3obpaxkenus npu 40x yBenuueHHe U UMYHHHUTE KIETKU ca
KoiudecTBeHo ompeneneHu upe3 copryepa HALO (Indica Labs). Jlanuute ca mpeactaBeHU
KaTo MPOIICHT OT MOJIOKUTETHO OI[BETEHU CTPOMAITHHU KJIETKH W ChOTHOIICHUS Ha UMYHHHTE
kietku. Toa npoyuBane e ogoopeno ot IRB (N7/28.02.2023) u uma perucTpupano KIMHUIHO
m3nutBane (RCT: NCT05775211).



Pe3yararu: He ycraHoBUXME pa3iivKu B cpeaHuTte nponeHTd = SEM Ha u3ciaeaBanuTe
MMYHHM KJIETKM NpEeAu U ciell nposeaeHoTo JyeueHue: 4.85+0.66% copsmo 5.89 +0.78% tT
kietkd, 1.1340.34% cnpsmo 1.13+0.33% Th knetku, 7.66 £1.61% cnpsmo 7.67+1.70% NK
KIeTkH, 4.5441.06% crpsmo 4.7+0.85% MDs u 3.00+0.39% cnpsimo 3.47+0.62% Tk knetkw.
[ToBedeTo OT CHOTHOLICHUSTA HA UMYHHUTE KJIETKU CHIO HE MOKa3BaT 3HAUMUTEIHA pa3jivKa
npenu u cien jgedeHuero: 1,62+0,29 copsmo 1,27+£0,23 3a NK/AT, 0,23 0,06 copsimo
0,34+0,05 3a Th/tT, 0,93+0,18 crpsimo 0,89+0,19 3a MD/tT, 0,45+0,15 crpsimo 0,62+0,11 3a
Th/Tk. Uma obaue paznuka B cpeaHoTo choTHOmenue Th/M®, koero e 0,28+0,07 npenu
nedyenueto u 0,58+0,15 cnen npunaranero Ha PBMC (p=0,05).

3akirouyenue: B 3akimroueHue, Mmakap 4e He € HabJtoJaBaHa pa3liika B KOJMYeCTBaTa Ha
MMYHHHTE KJIETKU MPEAU U Cle]l MpujiaraneTo Ha umyHomoayiaupanu PBMC, cboTHOLIEHHETO
Th/M® e 3HaUUTETHO TTO-BUCOKO CIIE/ ICYCHUETO.

ri3. R. Ganeva, D. Parvanov, V. Moskova-Doumanova, M. Ruseva, M.
Handzhiyska, N. Vidolova, T. Tihomirova, S. Chapanova, D. Metodiev, G.
Stamenov, T-helper cells populations in the endometrium and peripheral blood
during the window of implantation, Journal of Reproductive Immunology, 2025,
doi:10.1016/j.jri.2024.104353
https://www.webofscience.com/wos/woscc/full-record/W0S:001422987100017

Introduction with objective: T-helpers in the endometrium are crucial in sustaining the
immune balance between protection and tolerance towards the embryo. Although their
quantities are indicative for endometrial receptivity, the process of taking endometrial biopsy
could be painful and may disrupt the endometrial cavity prior to embryo transfer. T-helpers
subpopulations TH1, TH2, TH17 and TH9 in the peripheral blood (PB), however, could be
easily measured by flow cytometry. The link between endometrial T-helper cells and their
subpopulations in the PB is poorly studied. Therefore, we designed this study to search for
association between endometrial T-helpers and their subpopulations in the PB.

Methods: Peripheral blood and endometrial tissue were obtained from 27 women (25 to
40 years old) undergoing I'VF without endometrial pathologies. Both samples were taken during
mid-secretory phase of the menstrual cycle (LH+7). All patients included in the study have
signed written informed consent. Endometrial tissue was immunohistochemically stained
against CD4 (EAB- 64006, Elabscience) for identification of T-helper cells and the positively
stained stromal cells were quantified by HALO software. T helper cells populations (TH1, TH2,
TH17 and TH9) in peripheral blood (4 ml) were characterized based on CD4 (FITC-
labeled,21459043X2, Immunotools) CD194 (APC-labeled,130-117-376, Myltenyi Biotec),
CD196 (PE-labeled,130-120-458, Myltenyi Biotec) and CD183 (PerCPlabeled, 353740,
BioLegend) expression and measured by FACSCalibur. SPSS was used to analyse the data.

Results: Endometrial T-helper cells were measured as percentage of positively stained
stromal cells. The median percentage (range) of CD4 in the endometrial stroma in all patients
was 1.24% (3.14). T-helper cells populations in the peripheral blood were measured as
percentage of FITC-CD4+ cells. The median percentage (range) of the T-helper cells
populations were as follows: 21.57% (21.91) TH1 (CD4+CD183+CD196-CD194-), 10.11%
(26.71) TH2 (CD4+CD183-CD194+CD196-), 4.31% (5.51) TH17 (CD4 +CD183-
CD194+CD196+) and 15.60% (18.50) TH9 (CD4+CD196 +CD194-). Spearman correlation
analysis revealed no correlations between endometrial T-helper cells and TH1, TH2 or TH17
from the peripheral blood (p>0.05). Significant negative correlation was observed between
endometrial T-helper cells and peripheral blood TH9 (-0.75, p=0.05).
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Conclusions: A strong association between endometrial T-helpers and TH9 population in
the peripheral blood was found. This result shows that TH9 population could be indicative for
the presence of T-helper cells in the endometrial stroma.

BbBenenue c¢ umen: T-xenmeputre B €HIOMETpUYMa ca OT peIIaBall0 3HAuY€HUE 3a
MOJIBbPIKAHETO HAa UMYHHHS OajaHC MEXIy 3allMTaTa M TOJIEPAHTHOCTTa KbM €MOpHOHA.
Brorpeku ue konnyecTBaTa UM ca MOKa3aTeNIHU 33 €HJOMETPUAIHATA PEHENTUBHOCT, MPOLIECHT
Ha B3€MaHE Ha CHJIOMETpHaJHa OWomncus Moxe Ja Obae OOJe3HEeH W Jla Hapyld
eHJIOMeTpUaHaTa KyXruHa npeau emopuorpancdep. Cyonomynamuute Ha T-xennepute THI,
TH2, TH17 u TH9 B nepudepnara kpsB (I1K) obaue morar siecHo 1a ObAaT U3MEPEHH Ype3
bayonuromerpus. Bpb3kaTa Mexay eHAOMETpUamHUTE T-XelImepHUu KIETKU M TEXHUTE
cyonomynamuu B 1K e cnabo npoydena. [lopaau ToBa, HUE pazpaboTrXMe TOBA IPOyUYBaHE, 3a
J1a THPCUM Bpb3Ka MEXKAY eHaoMeTpuanHuTe T-xennepu u Texuute cyonomynanuu B [1K.

Metoau: Ilepudepna KpbB U eHAOMETpUATHA ThKAaH 0sXa MOJMydeHU OT 27 keHu (Ha
BB3pacT oT 25 no 40 roauHu), MOAJIOKEHU HAa UH BUTPO (pepTunuzanus, 6e3 eHI0MEeTpHAIHU
natonorud. M nBere mpoOm Osixa B3€TH MO BpeMe Ha CpeaHaTa ceKperopHa ¢asza Ha
MeHcTpyanHus uukba (LH+7). Bcuuku nanmeHTky, BKIIOYEHH B POYYBAHETO, Ca MOAMHCATIN
NUCMEHO HMH(pOpMUpaHO chbriacue. EHpomerpuanHarta ThKaH Oelie MMyHOXHCTOXHMHYHO
ougerteHa cperry CD4 (EAB-64006, Elabscience) 3a uaentudunrpane Ha T-XenmnepHu KIETKH,
a MOJIOXKUTEJIHO OLBETEHUTE CTPOMAIHH KJIETKH 0s1Xa KoJIuuecTBeHo onpenesnenu upe3 HALO
codryep. [Tonynauuure na T-xennepuu kierku (TH1, TH2, TH17 u TH9) B nepudepna kpbB
(4 ml) 6sxa xapakrepu3upaHu Bb3 ocHoBa Ha ekcmpecuara Ha CD4 (FITC-mapkupanu,
21459043X2, Immunotools), CD194 (APC-mapkupanu, 130-117-376, Myltenyi Biotec),
CD196 (PE-mapkupanu, 130-120-458, Myltenyi Biotec) u CDI183 (PerCP-mapkupanu,
353740, BioLegend) u uzmepenu upe3 FACSCalibur. SPSS Gemie usnons3BaH 3a aHaliu3 Ha
JAHHUTE.

Pesyaratu: Ennomerpuanuure T-xenmepHu KIeTKH Osxa MU3MEPEHU KaTO MPOLEHT OT
MOJIOXKUTETHO OI[BETEHUTE CTPOMAIHU KJIeTKH. MeauanHuar npoueHt (auana3on) nHa CD4 B
eHJIOMETpHUaJHaTa CTpoMa MpH Bcuuku mnamueHtu e 1,24% (3,14). Ilonynauunte Ha T-
XEJIepHUTe KIETKH B mepudepHata KpbB Osixa m3mepenn kato mporeHT ot FITC-CD4+
KJIETKU. MeIMaHHUAT NPOLEHT (AMana3oH) Ha MOMyJJIAaUUTe Ha T-XeNnepHuTe KIETKH €, KaKTO
cmenBa: 21,57% (21,91) TH1 (CD4+CD183+CD196-CD194-), 10,11% (26,71) TH2
(CD4+CD183-CD194+CD196-), 4,31% (5,51) TH17 (CD4 +CD183-CD194+CD196+) u
15,60% (18,50) TH9 (CD4+CD196 +CD194-). KopenalluoOHHUAT aHAIW3 Ha Spearman He
paskpu Kopenauuu Mexay eHgoMmerpuannute T-xennepuu kiuetku u TH1, TH2 nou TH17 ot
nepudepnara kpbB (p>0,05). HaGnrogaBaxMe 3HauMTENIHA OTPUIIATEIIHA KOPETAIUs MEXKIY
ennomerpuanaute T-xennepuu kinetku u THY ot nepudepnara kpws (-0,75, p=0,05).

3ak/royeHusi: YCTaHOBEHa € CHJIHA BPb3Ka MEXIYy €HIoMeTpuanHuTe T-xenmnepHH
KJIeTKH 1 nonynanuara Ha THY B nepudepnara kpbB. To3u pe3yarar nokassa, ue MomyJianusaTa
Ha THO Moxe na e mokazaTeslHa 3a HaJMYMETO Ha T-XeNmepHH KJIETKH B €HJIOMETpUaHaTa
cTpoMma.
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Abstract

The objective of this study was to compare the endometrial immune cells quantities and
ratios during the midluteal phase between women with recurrent implantation failure (RIF) with
successful and unsuccessful embryo implantation. For this purpose, endometrial biopsies from
116 women aged between 29 and 46 with history of RIF undergoing Assisted Reproductive
Technology (ART) without endometrial pathologies were immunohistochemically stained for
CD3 + T-cells, CD4 + T-helpers, CD8 + T-killers, CD14 + monocytes, CD68 + macrophages,
CD56 + NK cells and CD79a+ B-cells. Endometrial immune cells quantities and ratios were
compared based on the embryo implantation outcome in the subsequent embryo transfer cycle.
Spearman correlation analysis and Mann-Whitney U test were used to analyse the obtained
data. Patients who experienced successful implantation at the subsequent cycle had
significantly lower percentage of CD3 + T cells, and higher ratios of CD4 + /CD8 + , CD4 +
/CD3 + and CD68 + /CD3 + than the patients who experienced another failure in implantation.
In addition, the ratios of CD3 + /CD14 + , CD79ua+ /CD14 + and CD56 + /CD14 + were
significantly lower in the successful implantation group than that in the unsuccessful one. A cut
off value of CD68 + /CD3 + ratio higher than 0.85 (AUC 0.67, 95% CI 0.56-0.79), CD4 +
/CD3 + ratio higher than 0.19 (AUC 0.67, 95% CI 0.56-0.79) and CD4 + /CD8 + ratio higher
than 0.43 (AUC 0.62, 95% C10.50-0.73) could be predictive factors for successful implantation
in RIF patients. Knowledge on the immune cell composition could assist in the evaluation of
the endometrial receptivity in RIF patients.

Pesrome

Ilenta Ha ToBa mpoyuBaHe Oe€llle Ja ce CPaBHSAT KOJMYECTBATA U CHOTHOIIECHUATA HA
€HJIOMETPUAJIHUTE UMYHHHM KJIETKM O BpeMe Ha CpeiHa JyTealHaTa (as3a NpH >KeHH ¢
peuyauBupany umiutanraunonau Heycrnexu (RIF) ¢ ycnemna u HeycnenHa eMOproHaiHa
MMIUIaHTalus. 3a Ta3u Lel, eHJoMeTpUanHu ouorncuu ot 116 xeHu Ha Bb3pacT Mexay 29 u 46
roguHu ¢ aHamHesa 3a RIF, nomnoxenu Ha acuctupana penpoayktuBHa TexHosorust (ART)
0e3 eH/IOMETpHUAJIHHU NaTOJIOTUH, 0s1Xa UMYHOXHUCTOXMUMUYHO ousereHH 3a CD3+ T-knetkw,
CD4+ T-xennepu, CD8+ T-xunbpu, CD14+ monouutu, CD68+ makpodaru, CD56+ NK
kietku 1 CD790+ B-knetku. KonndecTsara 1 CbOTHOIIEHHUATA HA €HAOMETPUAIHUTE UMYHHU
KJIETKH Osixa CpaBHEHHU Bb3 OCHOBA Ha pe3yJTara OT eMOpHO-UMILIAaHTAIMITA B TIOCTIEIBALLUS
LIUKBJI HA eMOpHOTpaHcdep. 3a aHalInu3 Ha MTOJTyYeHUTE JaHHU 051Xa N3T0JI3BaHU KOpeIallioOHEeH
aHann3 Ha Spearman u U tect Ha Mann-Whitney. Ilannentkure, KOMUTO ca MNpeTbpPIETH
yCIIEIIHA UMIUIAHTAUs B CIEABAILNS HUKBI, Ca UMaJIM 3HAYUTEIIHO NTO-HUCHK NpoueHT CD3+
T-xneTku u mo-Bucoku croTHoeHuss CD4+/CD8+, CD4+/CD3+ u CD68+/CD3+ B cpaBHEeHUE
C NAIMEHTKUTE, KOMTO Ca NPETHPIEIN HOB HEyclleX NpH HMMILIaHTanusTa. OCBEH TOBA,
crotHOmeHusaTa CD3+/CD14+, CD790+/CD14+ u CD56+/CD14+ 0sxa 3HAYUTEIIHO IIO-
HUCKH B IpyIarta ¢ yCIlelllHa UMIIJIaHTalMsl, OTKOJIKOTO B IpyIiaTa ¢ HEYCIIEIHA UMIUIAHTaLUs.
I'pannuna ctoitHOCT Ha choTHOMIEHHeTo CD68+/CD3+ mo-Bucoka ot 0,85 (AUC 0,67, 95% CI
0,56-0,79), crorrHomenue CD4+/CD3+ mo-Bucoko ot 0,19 (AUC 0,67, 95% CI 0,56-0,79) u
crotHOmeHue CD4+/CD8+ mo-Bucoxo ot 0,43 (AUC 0,62, 95% CI 0,50-0,73) Guxa moriu nia
Obaat npezcka3Baiy pakTopH 3a ycrenrHa umriantanus npu nauueHtu ¢ RIF. ITo3naBanero
Ha ChCTaBa HA UMYHHUTE KJIETKH OM MOIJIO J]a TOMOTHE MPH OIIeHKaTa Ha €HJIOMETpuaiHaTa
peuentuBHOCT pu nanueHTu ¢ RIF.
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Study question: Is there an association between the endometrial microbiome and the
local immune cell composition during the mid-secretory phase?

Summary answer: The percentage of endometrial neutrophils was negatively related
to the highest number of microorganisms, while B-cells and T-helpers were positively related
to certain bacterial taxa.

What is known already: Endometrial receptivity is strongly influenced by the local
immune cell composition and its inflammatory status. Meanwhile, many studies on the
endometrial microbiome and its impact on receptivity are arising. Knowing that bacterial
composition has an effect on the immune system, it is worth studying the potential associations
between the microbiome and immune cell populations in the endometrium during the mid-
secretory phase. This relationship could adjust the magnitude of inflammation which has a
strong effect on embryo implantation process. Investigations on the endometrial bacterial
communities’ effect on the local immune cell composition could be applied in improving
assisted reproductive technologies.

Study design, size, duration: Prospective observational study performed between April
2021 and January 2023 in a private in vitro hospital. Endometrial biopsies were collected from
30 women aged between 34 and 45 years during the mid-secretory phase, on day 7 after LH
surge. Patients with history of recent inflammatory disease, chronic endometritis, recent
antibiotic treatment, endocrinological disorders, autoimmune diseases, oncological diseases,
moderate or severe endometriosis, adenomyosis, uterine hyperplasia, and endometrial polyps
were not included.

Participants/materials, setting, methods: B cells, T cells, T helpers, NK cells,
macrophages and neutrophils in the endometrial stroma were identified by
immunohistochemical staining with antibodies against CD79a (1S62, Dako), CD3 (BRB063,
Zytomed), CD4 (I1S649, Dako), CD56 (ff00121-0007, ScyTek), CD14 (E-AB-71017,
Elabscience) and neutrophil elastase (950334, NOVUSBIO), respectively. The immune cell
percentages were calculated by HALO image analysis software (version 2.3, IndicalLabs).
Endometrial microbiota (EM) composition was analyzed after DNA isolation using 16S rRNA
(v4-v5 region) gene sequencing.

Main results and the role of chance: Totally 271 bacterial species and 668 genera were
identified in the endometrial samples. The median (range) immune cell percentages found were:
0.083% (0.49) B-cells, 0.974% (4.93) T-cells, 0.066% (0.44) T-helpers, 0.931% (5.36) NK-
cells, 1.129% (3.11) macrophages and 0.207% (3.86) neutrophils.

Spearman analysis revealed significant correlations between T-helpers percentage and
the relative abundance of Cutibacterium acnes (R=0.475, p=0.012) and its genus Cutibacterium
(R=0.477, p=0.012) as well as between B-cells and the relative abundance of Bacteroides
vulgatus (R=0.532, p=0.003) and its genus Bacteroides (R=0.457,p=0.013). NK-cells presence
was not related to any of the found bacterial species or genus (p>0.05).

Neutrophils demonstrated significant correlations with the relative abundance of the
highest number of species: Prevotella melaninogenica (R=-0.404, p=0.03), Butyrivibrio
crossotus (R=0.433,p=0.02), Moraxella osloensis (R=-0.433, p=0.019), Blautia sp. (R=0.427,
p=0.021), Alicyclobacillus acidocaldarius (R=-401,p=0.031) also related with the T cells
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percentage (R=-0.380, p=0.042) and Acinetobacter Iwoffii (R=-0.458, p=0.008) also related
with the macrophages (R=-0.454, p=0.013). Among the studied species Alloprevotella tannerae
was showing significant correlations with neutrophils (R=-0.0602, p-0.001), macrophages (R=-
0.416, p=0.025) and T-cells (R=-0.464, p=0.011).

At genus level, most of the bacteria were related to the neutrophils — Pseudoalteromonas
(R=-0.540, p=0.002), Aliterella (R=-0.617, p<0.001), Endhydrobacter (R=-0.433,p=0.019) and
AKIW781 (R=-0.493, p=0.011). Aliterella and AKIW781 were also related to the macrophages
(R=-0.473, p-=40.01 and R=-0.423, p=0.031, respectively) and T-cells (R=-0.387, p=0.038 and
R=-0.519, p=0.007, respectively).

Limitations, reasons for caution: The study was limited in sample size.

Wider implications of the findings: The results of this study indicated that there is a
quantitative relation between the main endometrial immune cells and the endometrial core
microbiome. The association between these two determinants of endometrial receptivity could
help in understanding the fine tuning of the endometrium for accepting the embryo.

H3caenoBaresicku BbIpoc: Mma o Bpb3ka MEKAY SHIOMETPUATHUAS MUKPOOHOM U
ChCTaBa Ha JIOKAJIHUTE UMYHHHU KJIETKH 10 BpEME Ha cpeJlHaTa ceKpeTopHa ¢a3za?

O000u1en orroBop: IIpoueHTHT HA €HIOMETPHATHUTE HEYTPOPHIN € OTPUIIATEITHO
CBbp3aH C Hail-roneMusi Opoil MHUKpOOpraHu3Mu, jaokato B-kimerkure u T-xemmepure ca
MIOJIOXKUTEITHO CBBP3aHU C ONPE/IENIEHN OaKTeprUaTIHU TAKCOHHU.

KakBo Bede e m3BecTHO: EHloMeTpuanHaTa peLENTHBHOCT € CHJIHO IOBJIHSHA OT
ChCTaBa Ha JIOKAJIHUTE UMYHHHU KJIETKH M TEXHUS Bb3MAJIUTENIEH cTaTyc. MeXIyBpEMEHHO ce
NOSIBSIBAT MHOI'O H3CJIE/IBAaHUS BBPXY C€HIOMETPHUATHHUS MHKPOOHOM U HEroBOTO BIMSIHUE
BBPXY PELENTHUBHOCTTA. 3HAciKu, 4ye OaKTepHATHUAT ChCTaB MMa €(PeKT BHPXy HMMyHHATa
cucremMa, CU CTpyBa Ja c€ HIpoyyaT MOTEHUHAJIHUTE BPB3KUM MEXKIAYy MHKpoOHOMa H
MOMyJallMMTe HA UMYHHHU KJIETKU B €HJOMETpUyMa 10 BpEME Ha Cpe/iHaTa ceKpeTopHa Qasa.
Ta3u Bpb3Ka MOXe /1a KOPUTHMpa CTENEeHTa Ha Bb3NAJCHUE, KOETO UMa CUJICH e€(EeKT BBPXY
mpolieca Ha UMIUTaHTaIMs Ha eMOpuoHa. M3cnenBanusiTa BbpXy eeKra Ha eHIOMETPHATHUTE
OakTepHaaHU OOIIHOCTH BBPXY ChCTaBa Ha JIOKAJIHUTE MMYHHHM KIETKH Morar jna Objaar
MIPUJIOXKEHH 32 M0/100psiBaHE HA ACHCTUPAHUTE PETIPOyKTUBHU TEXHOJIOTHU.

JAu3aiiH, pasmep, NPOALKMTEJIHOCT Ha H3cjaeaBaHero: IIpocrnekTuBHO
o0OcepBallMOHHO IIPOyUYBaHe, poBeaeHo Mexay anpui 2021 r. u suyapu 2023 r. B yacTHa UH
BUTpO OonHMua. Enomerpuanau 6uoncuu ca cbopanu ot 30 jxeHH Ha Bb3pacT Mexay 34 u 45
TOJIMHU 110 BpEME Ha CpeJiHaTa cekpeTopHa ¢a3a, Ha 7-us neH cieq nuka Ha LH. [TannenTtku ¢
aHaMHe3a 3a CKOPOIIHO BB3MNAJIUTENHO 3a00JIiBaHE, XPOHHUYEH EHJIOMETPUT, CKOPOIIHO
aHTUOMOTHYHO JIEYeHHE, EHJOKPUHOJIOTUYHM HApyLIEeHUs, aBTOMMYHHHM 3a00JsBaHuS,
OHKOJIOTUYHM 3a00JIsIBaHMsI, yMEpPEHa WM TeXKa E€HJOMETpPHO3a, aJeHOMHO03a, MaTo4YHa
XHUMepIUIa3us ¥ €HJOMETPHUAIHU TIOJUIN HE Ca BKIIOYEHH.

YuacrHuuu/marepuasim, o0cTtanoBka, Meroau: B knetku, T knetku, T xennepu, NK
KJIETKH, Makpodaru U HeyTpo(uiau B eHJOMETpHaliHaTa CTpoMa 0sxa UIeHTU(ULIUPaHU Ype3
MMYHOXHCTOXMMHYHO OI[BETSIBAaHE C aHTUTeNa chOoTBeTHO cpenry CD79a (IS62, Dako), CD3
(BRB063, Zytomed), CD4 (1S649, Dako), CD56 (ff00121-0007, ScyTek), CD14 (E-AB-
71017, Elabscience) u neyTtpodumnna enacraza (950334, NOVUSBIO). Ilpounenture Ha
MMYHHHTE KJIETKH Osixa U34HCIeHH upe3 coTyep 3a aHanu3 Ha uzobpaxenus HALO (Bepcus
2.3, Indicalabs). CrcTaBbT Ha eHAOMeTpHanHaTa MUKpoouoTa (EM) Gemie ananu3upan cres
m3onupane Ha JIHK, u3nonsBaiiku rerHo cekBeHupane Ha 16S rRNA (v4-v5 peruos).

OCHOBHH pe3yJITaTH M POJIATA Ha ciaydaitHocTTa: O61mo 271 6akTepuanHu BUa U
668 poma Osixa HIEHTUGUIMPAHU B EHAOMETpPUATHUTE NpoOu. MenuaHHUTE (JIMana3zoH)
MPOLIEHTH Ha uMyHHHUTE KieTku Osixa: 0,083% (0,49) B-knerku, 0,974% (4,93) T-knerku,



0,066% (0,44) T-xemnepu, 0,931% (5,36) NK-knetku, 1,129% (3,11) makpodaru u 0,207%
(3,86) meyrpoduim.

AHaim3bT Ha Spearman pa3KpHU 3HAYMTEIHUM KOpPEIAallMd MEXIy MpoleHta Ha T-
XEIMEPUTe U OTHOCUTENIHOTO m300miue Ha Cutibacterium acnes (R=0,475, p=0,012) u HeroBus
pox Cutibacterium (R=0,477, p=0,012), kakTo u Mexay B-KIeTKHTE M OTHOCHTEIHOTO
nzobmme Ha Bacteroides vulgatus (R=0,532, p=0,003) u neroBus poxa Bacteroides (R=0,457,
p=0,013). Hanuurero Ha NK-K1eTKH HE KOpeaupaliie ¢ HUTO €IMH OT OTKPUTUTE OaKTEPUATHH
BHI0BE Ui pojose (p>0,05).

HeyTtpodwimTe neMoHCTpUpaxa 3HAUYUTEIHU KOPEJAUK ¢ OTHOCUTEIHOTO U300MiIHe
Ha Hai-ronsiM Opoit BumoBe: Prevotella melaninogenica (R=-0.404, p=0.03), Butyrivibrio
crossotus (R=0.433, p=0.02), Moraxella osloensis (R=-0.433, p=0.019), Blautia sp. (R=0.427,
p=0.021), Alicyclobacillus acidocaldarius (R=-401, p=0.031), chiio KOpearpaxa ¢ mpoICHTa
Ha T-xnetkure (R=-0.380, p=0.042) u Acinetobacter Iwoffii (R=-0.458, p=0.008), cbmio
cBbp3anu ¢ makpodarute (R=-0.454, p=0.013). Cpen uscnenBanure Bumaose, Alloprevotella
tannerae MokasBa 3HaUMTENHU Kopenanuu ¢ HeyTpohumu (R=-0.0602, p-0.001), makpodaru
(R=-0.416, p=0.025) u T-xnerku (R=-0.464, p=0.011).

Ha pomoBo HHMBO, MOBEYeTO OAaKTEpHM IOKa3axa Kopenanmusi ¢ HeyTpoduiure —
Pseudoalteromonas (R=-0.540, p=0.002), Aliterella (R=-0.617, p<0.001), Endhydrobacter (R=-
0.433, p=0.019) u AKIW781 (R=-0.493, p=0.011). Aliterella u AKIW781 cbiio kopenupaxa c
makpodarute (R=-0,473, p-=Y40,01 u R=-0,423, p=0,031, crorBeTHO) M T-kieTkure (R=-
0,387, p=0,038 u R=-0,519, p=0,007, chOTBETHO).

Orpannyenusi, MPUYMHHA 3a mpeanasauBoct: [IpoyuBanero Oemie ¢ orpaHuveH
pasmep Ha U3BajKaTa.

IMo-mMpoKU mocjeTuy OT KOHCTATAlUHUTe: Pe3ynratuTte OT TOBa NpPOydYBaHE
MOKa3BaT, Y€ ChIIECTBYBA KOJIMYECTBEHA BPB3Ka MEXK/y OCHOBHUTE CHIIOMETPUATHA UMYHHU
KICTKA W CHJIOMETPUATHHS MHKpPOOMOM. Bpb3kaTa MeXIy Te3u OBE ACTCPMUHAHTE Ha
CHJIOMETPHAJIHATA PEIICTITUBHOCT OM MOTJIa JIa TOMOTHE 3a pa30upaHeTo Ha puHaTa HACTPOWKa
Ha CHIOMETpPUyMa 3a MpUeMaHe Ha eMOpHOHA.
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OBJECTIVE

It has been suggested that macrophages have key role in assembling the immune
tolerance during the process of embryo implantation. In the mid-secretory endometrium,
however, different sets of macrophages are present depending on their inflammatory action.

The aim was to compare the main macrophages populations’ quantity and spatial
distribution in the mid-secretory endometrium between women with successful and failed
embryo implantation.

MATERIALS AND METHODS

Endometrial tissue from 20 patients with successful and 20 with failed embryo
implantation, without inflammation and endometrial pathologies were selected from the
hospitals tissue bank. All samples were obtained by regular diagnostic biopsy during mid-luteal
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phase of the menstrual cycle (LH+7) from unstimulated I\VVF patients 1- month prior embryo
transfer.

All samples were immunohistochemically stained against 3 sets of macrophages: pan-
macrophages (CD68+, 1S61330-2, Dako), anti-inflammatory macrophages (CD163+, 2-
CD353-13, Quartett) and pro-inflammatory macrophages (CD11c+, 60258-1, Proteintech),
using novolink polymer detection system (RE7280-K, Leica) according to the manufacturer’s
instructions.

The studied immune cells quantity and density were analysed by HALO image analysis
software (Indica Labs) using the CytoNuclear and Spatial Analysis modules. Number of cells
per mm? and max number of cells per um? in 50um radius in both groups were compared by
Mann-Whitney U test.

RESULTS

Median number (range) of macrophages in the successful and the failed embryo
implantation groups are: 277/ mm? (402) and 211/ mm? (297), respectively CD68+ cells; 93/
mm? (188) and 100/ mm? (127), respectively CD163+ cells with no significant differences
between the two groups (p>0.05). Significantly higher number of CD11c+ cells, however, were
observed in the successful embryo implantation group when compared to the failed one — 58/
mm? (114) and 21/ mm? (56), respectively, p<0.013.

In terms of spatial distribution, the density of pro- and anti-inflammatory macrophages
in 50 um radius of each cell in both successful and failed embryo implantation groups were not
significantly different: 3.6x10%/ pm? (3.3) and 3.3x10%/um? (3.2) for CD11c+ cells (p=0.57);
2.7x10%/ um? (4.3) and 2.3x10% pum? (3.6) for CD163+ cells (p=0.33). While the density of
CD68+ macrophages was significantly higher in the successful embryo implantation patients
when compared to the failed ones: 2.2x10%/um2 (2.9) and 1.4x10% pum? (1.7), respectively,
p=0.015.

CONCLUSIONS

Higher number of anti-inflammatory macrophages indicated for successful embryo
implantation. Clusters of pro- and anti-inflammatory macrophages were not related to embryo
implantation outcome, in contrast to pan-macrophages density, which was higher in the
successful embryo implantation cases.

IMPACT STATEMENT

The number of anti-inflammatory macrophages and pan-macrophages density in 50um
radius could indicate for endometrial receptivity and could be used as markers of immune status
of ART patients. Future studies are needed to further evaluate their importance on embryo
implantation.

HEJ
IIpennonara ce, ye Makpodarute UrpasT KJI04oBa pojisi B U3TPaKAaHETO Ha UMyHHATa
TOJIEPAHTHOCT IO BpEME Ha Ipolieca Ha UMIUIaHTalusl Ha eMOpuoHa. B cpenHo-cexperopHus
EHJIOMETpUYM o0aue MPHUCHCTBAT PA3IMYHU TIPyNu Makpodaru B 3aBUCUMOCT OT TAXHOTO
BB3NaNuTENHO AeiicTBue. llenra Oemie na ce cCpaBHU KOJMYECTBOTO U MPOCTPAHCTBEHOTO
pasnpezieieHMe Ha OCHOBHUTE TMOMNYJallMd Ha Makpodarn B CpPeIHO-CEKPETOPHUS
€H/IOMETPUYM MEX/Y KEHH C yCMelllHa U HeyCIellHa UMIUIaHTalus Ha eMOpHOHa.
MATEPHUAJIN U METOIHN
EnnomMerpuanna TekaH ot 20 nmanueHTky ¢ ycnemHsa u 20 ¢ HeycrnenrHa MMIUIaHTaIus Ha
eMOpHoHa, 6€3 Bb3NaJIeHne U SHIOMETPUATIHH AaTOJIOTHH, Oelle u30paHa OT ThKaHHaTa OaHKa
Ha OonmHunaTa. Benuku npobu 0sxa mofiyueHu ype3 peloBHa AUarHoCcTUYHa OMOIICHUS 110 BpeMe
Ha cpejiHaTa JiyTeanHa (aza Ha MeHcTpyaiHus Kb (LH+7) oT HecTuMynupaHu ManueHTKu
C MH BUTpO Qeprunmzanus, 1 Mecern npeaun emOpuorpancdep. Beuuku mpobu 0Osxa
MMYHOXMCTOXMMHUYHO OLBETEHM Cpelly 3 KOMIUIeKTa Makpodaru: man-makpodaru (CD68+,



1S61330-2, Dako), nmporuopb3nanutenan Makpodaru (CD163+, 2-CD353-13, Quartett) u
npoBb3nanuTenan Makpodaru (CDI11c+, 60258-1, Proteintech), m3monsBaiiku momumepHa
cuctemMa 3a gereknus novolink (RE7280-K, Leica) chriacHo WHCTPYKIMHTE Ha
npousBoauTeNss. Komu4ecTBOTO M TUIBTHOCTTA HA HW3CICABAHUTE WMYHHU KIIETKH Osxa
aHanu3upaHu 4pe3 codryep 3a ananu3 Ha uzobpakenuss HALO (Indica Labs), uznonspaiiku
moxynute CytoNuclear u Spatial Analysis. BposT Ha KieTkuTe Ha mm? U MAKCHMATHUSAT OpOit
KIETKH Ha uM? B pagmyc oT 50 pum B jBeTe TpymM Osxa cpaBHeHM upe3 U-TecT Ha Mann-
Whitney.

PE3YJITATHU

Menuanaust Opoi (Imama3oH) Ha Makpodarute B rpynara ¢ yCHemHa U HeycremHa
MMILTAHTALUS HAa eMOPHOHH €: ChoTBeTHO 277/ mm? (402) u 211/ mm? (297) CD68+ KiIeTKH;
93/ mm? (188) m 100/ mm? (127), crorBeTHOo CD 163+ KIIeTKH, 6€3 3HAUNTETHN PA3THKH MEKITY
nsere rpynu (p>0,05). 3naunTtenHo no-pucok Opoit CD11c+ kneTku obaye Oe HaOII01aBaH B
rpymnara c ycnemrHa eMOproHalHa UMILIAHTAIUs B CPaBHEHHE C Ta3U C HEYCIEIIHA — CbOTBETHO
58/ mm? (114) u 21/ mm? (56), p<0,013.

[lo oTHOmIEHWE HaA MPOCTPAHCTBEHOTO pa3mpeieiieHre, IUIBTHOCTTa Ha TPO- M
MPOTHBOBB3MAIUTEIHUTE Makpodaru B paguyc oT 50 um Ha BCsKa KJIETKa KakTo B TpyIaTa ¢
yCIICIIHA, TaKa ¥ B TpyIara ¢ HeyclelHa eMOpHOHAIHA UMIUIAHTAIMS HE Ce Pa3linvaBalle
3HaunTenHo: 3,6x10% um? (3,3) u 3,3x10%/um? (3,2) 3a CD1 1 c+ knetku (p=0,57); 2,7x10%/um?
(4,3) m 2,3x10%/um? (3,6) 3a CD163+ knerku (p=0,33). IlrpTHOCTTa HAa CD68+ Makpodarute
Oelie 3HAYUTEIIHO TO-BUCOKA IMPH TAIMEHTHTE C yCIENIHa eMOpHOHATHA WMILIAHTALUS B
CpaBHEHHE C T€3U C HeyCIelHa: choTBeTHO 2,2x10%/um?2 (2,9) u 1,4x10%/um? (1,7), p=0,015.

3AKJIIOYEHUSA

[To-Bucok Opoil TPOTUBOBB3MAIHTEITHH Makpodard € WHAMKAIMS 3a YCIeNIHa
eMOproHaTHa UMITTaHTaIus. KirbcTepuTe OT Mpo- ¥ MPOTUBOBB3MAIUTEIHE Makpodaru He ca
CBBp3aHU C pe3yliTaTa OT eMOpHOHAIHATA UMIUIAHTAIINSA, 32 PAa3JIMKa OT IUITBTHOCTTA HA TIaH-
Makpogarure, KOsITO € MO-BHCOKa P CIyYauTe Ha yCIICITHA eMOPHOHAIHA HMITJIAHTAITHS.

JTEKJIAPAIIMS 3A Bb3JEVMCTBUETO

BposiT Ha MPOTUBOBB3MATUTEITHUTE MAaKpO(haru U TUIbTHOCTTA Ha MaH-Makpodarute B
pamuyc ot 50 um Morar Ja moka3BaT €HJOMETPUAIHA PEIICTITUBHOCT ¥ MOTAT Jla C€ M3I0JI3BaT
KaTo MapKepH 3a UMYHHHSI CTaTyC Ha MAIMCHTHTE NIPH aCUCTHpaHa PENPOAYKTHBHA TepaIus
(APT). HeoOxoaumu ca Obaely IpoyyBaHus, 3a Jia c€ OIIEHH MO-HAaTaThK TSIXHOTO 3HAUCHUE
3a eMOpHOHATHATA UMIUIAHTAIIHSL.
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Study question: Are endometrial stem cells associated with endometrial immune cell
populations during the window of implantation?

Summary answer: Endometrial stem cells are associated with the presence of
macrophages and B-cells, but do not correlate to T-cells and natural killer (NK) cells.

What is known already: The endometrial stem cells are essential for the periodic uterine
regeneration. Besides their role in tissue remodeling it has been recently shown that they exert
immunomodulatory and anti-inflammatory effect on the components of the immune system. A
well known fact is that the immune cell composition of the endometrium during the window of
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implantation is pivotal for the successful embryo implantation. There are only a few
publications that study the association of the endometrial stem cells with the immune cells with
regard to the window of implantation.

Study design, size, duration: Single center prospective study analyzing the cell
composition of endometrial samples from women undergoing IVF. A total of 109 patients
without endometrial pathologies were recruited for endometrial biopsy between March 2020
and January 2022. Endometrial samples were obtained on day 7 after LH peak in the presumed
window of implantation and processed to formalin-fixed, paraffin-embedded slices for
immunohistochemical analysis. This study received the approval of the hospital’s medical
ethics committee.

Participants/materials, setting, methods: Tissue sections were immunohistochemically
stained for CD117 and NOTCH1 as stem cell markers as well as for immune cells with CD3
(T-cells), CD8 (T-killers), CD4 (T-helpers), CD56 (NK cells), CD68 (Macrophages), CD14
(Macrophages) and CD79a (B-cells) antibodies. The percentage of positively stained stromal
cells was evaluated by Image-J software in the same tissue area for each sample. Statistical
analysis: Spearman correlation, p<0.05 was considered significant.

Main results and the role of chance: Immunohistochemical analysis showed that
NOTCHL1 and CD117 positive stem cells are present in all samples with mean 0.133+0.029%
and 0.034+0.004%, respectively, and they were significantly correlated (R=0.397, p<0.001).
The presence of CD3+ T-cells, CD4+ T-helpers, CD8+ T-killers, CD56+ NK cells, CD79a+ B
cells, CD68+ macrophages, CD14+ macrophages was also confirmed with mean
1.1334+0.259%, 0.374+0.058%, 0.074+0.013%, 0.883+0.184%, 0.188+0.060%, 1.018+0.202%
and 1.309+0.257%, respectively.

Spearman analysis revealed significant positive correlation between NOTCHL1 positive
stem cells and CD79a+ B-cells (R=0.211, p=0.029), CD14+ macrophages (R=0.231, p=0.017),
but no relation to the other studied immune cell types was observed (p>0.05).

Significant positive correlation between CD117 positive stem cells and CD14+
macrophages (R=0.262, p=0.007), CD68+ macrophages (R=0.216, p=0.025) and no relation to
the other studied immune cell types was observed (p>0.05).

When the immune cells ratios were evaluated and analysed for correlation with stem cells,
it turned out that only CD117 positive stem cells are significantly correlated to CD8+ T-
killers/CD68+ macrophages ratio (R=-0.274, p=0.007).

Limitations, reasons for caution: In this study only immunohistochemical analysis was
used. In future studies flow cytometrical quantification of the studied cells will be used. Also
more immune cell subtypes should be included in the analysis to further characterise the stem
cells association to the immune cell populations.

Wider implications of the findings: During the window of implantation the endometrial
stem cells are associated to the macrophages distribution. In contrast to NOTCH1+, CD117+
stem cells relate to the endometrial B-cells. These findings confirm the role of the endometrial
stem cells in the fine tuning of the immune behavior during the window of implantation.

N3caenoBaresicku Bbnpoc: CBbp3aHU JM Ca €HJIOMETPUAIHUTE CTBOJIOBU KIIETKU C
MOMyJallMMTe Ha EHJOMETPHAJHUTE HMMYHHM KIETKM II0 BpEME€ Ha HMILIAaHTALIMOHHUS
npo3open?

O000men orroBop: EHTOMETpHaIIHUTE CTBOJIOBU KJIETKH Ca CBBP3aHU C HAJIMYMUETO HA
Makpodaru u B-kneTku, Ho He kopenupaT ¢ T-KiIeTku u ectecTBeHH KieTku youiinm (NK).

KakBo Bede e m3BecTHO: EHIOMETpHATHUTE CTBOJOBHM KIETKH €A OT CBIIECTBEHO
3HaueHWE 3a MepHOoJUYHAaTa pereHepanus Ha markata. OcBeH poyiAiTa UM B THKaHHOTO
pemozenpaHe, HAcKopo Oelle TIO0Ka3aHo, Y€ Te€ YHPAXKHABAT HMMYHOMOIYJHMpAIl |
MIPOTUBOBB3NAIUTENEH €(EeKT BbPXYy KOMIIOHEHTUTE Ha UMyHHaTa cuctema. Jloope u3BecteH



(bakT e, ye UMYHHO-KJIEThYHHST ChCTaB Ha €HIAOMETpUyMa MO BpeMe Ha WMILIaHTAllMOHHUS
po3oper] € KIYOB 3a YCHelIHaTa HMMIUIaHTalus Ha eMmOpuona. MMa camo HSKOJIKO
myOJIUKaluu, KOUTO U3CJIe/IBaT BPb3KaTa HAa €HAOMETPUATHUTE CTBOJIOBU KIIETKU C UMYHHHUTE
KJIETKH 110 OTHOIIIEHHE HAa UMIUIAHTALIMOHHUS MTPO30PEIL.

Au3aiin, pa3mep, NPOABLJKHTEJIHOCT HA  HU3cJAeaBaHeTo: EIHOLEHTPOBO
MPOCIIEKTUBHO MPOYYBAHE, aHATM3UPAIIO KICThUHUS CHhCTAB HA CHIOMETPUATHH MPOOH OT
KEHH, TMOJJIOKEHM Ha MH BUTPO orwioxkaane. O6mo 109 namueHTtn 0e3 eHIOMETpHAIHU
naTosoruu 0sixa HaOpaHu 3a eHpomMerpuanHa ouorcus mexxay Mapt 2020 r. u stayapu 2022 1.
Ennomerpuannute nmpobu Osixa mosyuyeHu Ha 7-us AeH cieq nuka Ha LH B npeamnonaraemus
MpO30pel] Ha UMILIAHTAUs 1 00paboTeHn KaTo (hopManvH-GUKCHpaHH, napaduH-BrpageHu
Cpe30BE€ 3a HMYHOXHCTOXMMHYEH aHainu3. ToBa MpoyyBaHe NOIYy4Yd OAOOpEHHUETO Ha
KOMHCHSTA TI0O MEAMIIMHCKA €TUKA Ha OOTHHIIATA.

YuacTHuuu/MaTepuaau, 00CTaHOBKAa, MeToAM: TbKaHHUTE cCpe3u  Osxa
uMyHoxuctoxumuuHo ongsereHu 3a CD117 u NOTCHI karo mapkepu Ha CTBOJIOBM KIIETKH,
KaKTO M 32 UMYHHH KJIeTKH ¢ aHTHTena 3a CD3 (T-kierkn), 3a CD8 (T-xkwirepn), 3a CD4 (T-
xenmepn), 3a CD56 (NK kierkn), 3a CD68 (makpodarn), 3a CD14 (makpodaru) u 3a CD79a
(B-xnetkn). [IpoieHTHT Ha OJOKUTEIHO OLIBETEHUTE CTPOMATIHU KJIIETKHU Oellle OIICHEeH upe3
codryepa Image-J B chiiaTa ThkaHHa 00JaCT 3a BCsIKa Mpooa.

Cratucruyeckn ananus: Kopenauus na Spearman, p < 0,05 ce cuura 3a 3HaunmMa.

OCHOBHM pe3yJITATH M POJIATa HA caydaiiHocTTa: IMyHOXHCTOXUMUYHUSAT aHAIHU3
Mokasa, 4ye cTBOJIOBU KieTkH, mo3uTuBHU 3a NOTCHI1 u CDI117, npuchcTBaT BbB BCUUKH
mpobu cwc cpemno 0,133+£0,029% wu 0,034+0,004%, CHOTBETHO, W TE Ca 3HAYUTEIIHO
kopenupanu (R=0,397, p<0,001). Hanuuuero na CD3+ T-knerku, CD4+ T-xennepu, CD8+ T-
kuwrbpu, CD56+ NK kiretkn, CD79a+ B kierkun, CD68+ makpodaru, CD 14+ makpodaru chimno
oerre moTBbpACHO cbe cpeano 1,133+0,259%, 0,374+0,058%, 0,074+0,013%, 0,883+0,184%,
0,188+0,060%, 1,018+0,202% u 1,309+0,257%, CbOTBETHO.

AHanu3bT Ha Spearman pa3kpy 3HAYUTEIHA OJIOKUTENIHA Kopenauus Mmexay NOTCH1 -
MO3UTUBHUTE cTBOJIOBU KieTku U CD79a+ B-knerkure (R=0.211, p=0.029), CDI14+
makpogarure (R=0.231, p=0.017), Ho He ce HabMOAaBa Bpb3Ka C IPyTUTE U3CIIEIBaHU TUIIOBE
UMyHHH KiieTk# (p>0.05).

He ce nabmronaBa 3HauMTe Ha MOJOKUTENHA Kopenanusa Mexay CD117-mo3utuBHute
ctBosioBu kjetku u CDI14+ wmakpodarute (R=0.262, p=0.007), CD68+ wmakpodarute
(R=0.216, p=0.025), u He ce HabIr01aBa BPH3Ka C IPYTUTE M3CIICIBAHN THIIOBE MMYHHH KJIETKH
(p>0.05).

Koraro choTHOmIEHHSATA HAa MMYHHUTE KJIETKH OsiXa OIICHEHM U aHaJM3UPaHHU 3a
KOpeaius CbC CTBOJIOBUTE KIETKH, C€ 0Ka3a, 4ye camo CD117-mo3uTUBHUTE CTBOJIOBH KJIETKH
ca 3HAYUTEITHO KopeiaupaHu cbC choTHOmeHneTo CD8+ T-kunbpu/CD68+ makpodaru (R=-
0.274, p=0.007).

OrpannyeHusi, NPUYMHMA 32 NPeANa3JaMBOCT: B ToBa mpoyuyBaHe € M3MOJ3BaH CaMoO
MMYHOXHCTOXUMUYEH aHaMn3. B Obaeny npoydBaHus mie ce U3Moa3Ba (IOYyIUTOMETPUIHO
KOJIMUYECTBEHO OIpeiessiHe Ha u3cienBaHuTe kieTku. ChIo Taka B aHaIM3a TpsAOBa 1a ObaaT
BKJIIOYEHU TOBEUYE€ WMYHHHU KJIEThUHM TOJATHUIIOBE, 3a Ja C€ XapaKTepu3upa Io-100pe
acolMaIusATa Ha CTBOJIOBUTE KJIETKHU C MOMYJIAMUTE HA UMYHHUTE KJIETKHU.

IMo-mupoxu mocjaenuuu oT oTKpuTHsATA: [Io BpeMe Ha UMITAHTAIMOHHUS TTPO30peEIT
€HJIOMETPUATTHUTE CTBOJIOBH KIIETKH Ca CBBP3aHU C paslpeaeNieHueTo Ha Makpodarute. 3a
pazmuka or NOTCH1+, CD117+ cTBOJIOBUTE KJIETKH ca CBbP3aHU C eHAoMeTpuamHute B-
KJIeTKU. Te3u OTKpUTUSI TOTBBPKIABAT POJISITA HA €HJOMETPUAITHUTE CTBOJIOBU KJIETKH BHB
(vHaTa HacTpPOIKa HAa UMYHHOTO TTOBEJICHUE TI0 BpeMEe Ha MMILIAHTAIIMOHHUS MTPO30PEII.
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OBJECTIVE

It has been proposed that the endometrial immune cells organise aggregates with a B cell
core surrounded by T cells, monocytes and macrophages and that their mutual regulation can
be influenced by their spatial proximity. The endometrial immune cells’ spatial localisation has
not been studied with regard to embryo implantation success yet. The aim of this study was to
compare the distances from total T cells (TT), T killer cells (Tk), monocytes (Mon) and
macrophages (Maph) to B cells in the endometrial stroma from women with successful and
unsuccessful embryo implantation.

MATERIALS AND METHODS

Endometrial samples from 14 patients with unsuccessful and 16 with successful embryo
implantation were selected from tissue bank. Biopsies were obtained from unstimulated female
IVF patients, without endometrial pathologies, during the mid-luteal phase. The endometrial
samples were immunohistochemically stained with antibodies against B cells (CD79a, 1S621
Dako), Mon (CD14, 71017 Elabscience), TT (CD3, BRB063 Zytomed), Tk (CD8, CD040
Quartet) and Maph (CD68, 71017 Elabscience) using novolink polymer detection system
(RE7280, Leica) according to the manufacturers instructions. Cell quantification and nearest
neighbour analysis were performed by HALO software at 0.5 microns/pixel resolution.
Spearman correlation and Mann-Whitney U test were carried on SPSS v.21.

RESULTS

The median percentage and ranges of immune cells in the successful embryo implantation
group were: 0.096% (0.01-5.57) B cells, 0.067% (0.03-11.32) TT cells, 0.601% (0.29-4.99) Tk
cells, 0.581% (0.45- 15.19) Mon and 0.775% (0.23-14.44) Maph, while in the unsuccessful
group were: 0.091% (0.01-3.07) B cells, 0.646% (0.36-13.44) TT cells, 0.275% (0.23-7.62) Tk
cells, 0.581% (0.17-12.75) Mon and 0.637% (0.23-14.44) Maph. Significant differences in the
median percentages of the immune cells between the two groups were not observed (p>0.05).

The mean distances between B cells and the nearest TT cells (43.56£17.33 um), Tk cells
(81.87+52.15 um), Mon (44.44+15.36 um) and Maph (42.11+17.58 um) in the successful
embryo implantation group, were generally larger than the distances to the nearest TT cells
(17.8+£11.33 um), Tk cells (43.56+20.92 um), Mon (25.48+22.80 um) and Maph (23.05+15.56
um) in the unsuccessful group. Significant differences were observed in the distances from the
nearest TT cells and Tk cells to B cells between both studied groups (p=0.05, p=0.03,
respectively).

CONCLUSIONS

The distances between T lymphocytes and B cells differ in the mid luteal endometrium of
successful and unsuccessful embryo implantation patients showing dysregulated B-T cell
interaction in the cases of unsuccessful implantation.

IMPACT STATEMENT

By far this is the first report on the endometrial immune cells distribution effect on embryo
implantation outcome. These results reveal a new aspect of the immune regulation of the
endometrium during the implantation window that is poorly studied. More research is needed
to further evaluate the impact of the spatial distribution of the endometrial immune cells on
fertility.
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HEJI

[Ipenmnonara ce, ye €HOOMETPHAIHUTE MUMYHHHU KIJIETKM OpraHM3Mpar arperaT ¢ B-
KIETHYHO SJIPO, 32001K0JIeHO OT T-KJIeTKH, MOHOUMTH U Makpodaru, u 4e TsSxXHaTa B3auMHa
perynanus Moxe aa ObJe MOBIUSHA OT MpocTpaHCTBeHaTta uM Onm3ocT. [IpocTpaHcTBeHara
JIOKaJM3alyst Ha €HI0METPHATHIUTE MMYHHH KJIETKU BCE OIIE HE € IMPOoyYeHa M0 OTHOILICHHE Ha
ycrexa Ha MMIUIaHTauusATa Ha eMOpuoHa. llenra Ha ToBa mpoyuBaHe Oemie 1a ce CpaBHSAT
pascrosiHusATa OT obure T-knerku (TT), T-xnerkure youmiinum (Tk), monouuTure (Mon) u
Makpodarute (Maph) no B-kneTkuTe B eHIOMeTpuaniHaTa CTpoMa IpU JKEHU C yCIelIHa U
HEyCIeIHa UMIUTAHTAIHs Ha eMOpHOHA.

MATEPHUAJIM U METOIU

Ennomerpuanau npobu ot 14 manueHTKy ¢ HeycIemHa 1 16 ¢ ycrenHa UMIUTaHTaIys
Ha eMOpuoHa 0sixa u30paHu OT ThKaHHa OaHka. buoricuure 0sxa MOMy4YeHU OT HECTUMYJIUPAHU
’KCHHU MMALMEHTKH C UH BUTPO, 0€3 EHIOMETPHATIHM TaTOJIOTUH, B CpeaTa Ha JyTeanHaTa ¢asa.
Ennomerpuannute npodu 0sxa IMYHOXHCTOXMMUYHO OI[BETEHH C aHTUTENA cpelly B kietku
(CD79a, 1S621 Dako), Mon (CD14, 71017 Elabscience), TT (CD3, BRB063 Zytomed), Tk
(CDS8, CD040 Quartet) u Maph (CD68, 71017 Elabscience), n3non3Baiiku NoJIUMEpHA CUCTEMA
3a nerekrupane novolink (RE7280, Leica) chriacHO WMHCTPYKIMUTE Ha TPOU3BOIHUTEINS.
KonunuecTBeHoTO ompenensHe Ha KIETKATE M aHAIM3BT Ha Hail-Onu3kute chcenu Osxa
u3BbpuIeHn ¢ nomoinra Ha copryep HALO c pesomtorus 0,5 mukpona/mukcen. Kopemanusita
Ha Spearman u U-tecTbT Ha Mann-Whitney 0sxa npoeaenu ¢ SPSS v.21.

PE3YJITATH

CpenHMST TPOLUEHT M JIUana3oHUTe HAa MMYHHUTE KJIETKH B TIpylara C YCIEIlIHa
emOproHanHa uMmiutanTanus Osixa: 0,096% (0,01-5,57) B xaerku, 0,067% (0,03-11,32) TT
kietku, 0,601% (0,29-4,99) Tk xnerkwn, 0,581% (0,45-15,19) Mon u 0,775% (0,23-14,44)
Maph, mokaro B rpynara ¢ HeycnemiHa umiiantamus Osxa: 0,091% (0,01-3,07) B kietkw,
0,646% (0,36-13,44) TT knetku, 0,275% (0,23-7,62) Tk knetku, 0,581% (0,17-12,75) Mon u
0,637% (0,23-14,44) Maph. He na6to1aBaxMe 3HAYUTETHH PA3JIUKU B CPEAHUTE MMPOICHTH HA
MMYHHHTE KJIETKU MexXy aBere rpymnu (p>0,05).

Cpennute pascrosiHuss Mexay B knetkute u Haii-Omuskure TT knetku (43,56+17,33
pm), Tk xnerku (81,87+£52,15 pum), Mon (44,44+15,36 pm) u Maph (42,11£17,58 um) B
rpyrnara ¢ ycremnrHa eMOpHOHaIHA MMIDTAHTAIHS, KaTO ISUT0 0s1Xa IMO-TOJIEMH OT Pa3CTOSHUSATA
no Hai-O6muskure TT xmerkn (17,8+11,33 pm), Tk xnerkm (43,56+20,92 pm), Mon
(25,48+22,80 um) u Maph (23,05£15,56 um) B rpynara ¢ HeyclellHa HMIUIAHTAIUS.
3HAUMTENHU Pa3IuKH Osixa HaOIrogaBaHu B pa3cTosiHusATa OT Hai-Onuskute TT xierku u Tk
KJIETKH 10 B kietku mexay asere uscnensanu rpymnu (crorsetHo p=0,05, p=0,03).

3AK/IIOYEHUS

Pazcrostnusita mexxny T-mumdonutute u B-kineTkuTe ce pa3nuyaBar B CpeHuUs TyTealleH
€HJIOMETPUYM Ha MAIMEeHTH C YCIEIIHA 1 HeyClelTHa UMITJIaHTallusg Ha eMOpHUOHU, TTOKa3BaIlU
HapyIIeHo B3anMo/ieiicTBre Mexxay B-T kieTkure B cirydanTe Ha HEyCIEIIHA UMILIAaHTAITUS.

JTEKJIAPAIIMS 3A BB3JIEMCTBUETO

ToBa e mBPBHAT AOKIA] 32 BIUSHUETO HA PA3MPENEICHUETO Ha EHIOMETPHATHHUTE
UMyHHH KIETKH BBpPXY pe3yirara OT HMIUIaHTalusTa Ha eMOpuoHH. Te3u pe3ynratu
pasKkpuBaT HOB acleKT Ha WMyHHAaTa peryjaius Ha eHIOMETpHyMa II0 BpeMe Ha
MMIUIaHTAllMOHHUS MPO30pel, KOWTo e cinado npoyueH. Heo6xonumu ca mosede u3cie BaHus,
3a J1la ce OIEHW I0-HATaThK BIMSHUETO Ha TPOCTPAHCTBEHOTO paslpeleiecHue Ha
€H/IOMETPUATHUTE UMYHHH KJIETKH BbPXY (PepTHUIINTETA.
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Abstract

Ladder oligomers containing calixarene skeletons in the main chain—
calix[4]resorcinarene (CRA) ladder macromolecules with open chain and cyclic
macromolecules with double ring-like (Noria-type) topologies—bring particular research
attention as functional materials with various applications. However, there is still a remarkable
lack of studies into the synthesis of fully water-soluble derivatives of these interesting
macromolecules. Research on this topic would allow their bio-based research and application
niche to be at least revealed. In the present study, a strategy for the synthesis of water-soluble
polyglycidol-derivatized calix resorcinarene ladder oligomers with open chain and cyclic
structures is introduced. A grafting from approach was used to build branched or linear
polyglycidol chains from the ladder scaffolds. The novel structures were synthesized in
quantitative yields and fully characterized by NMR, FTIR and UV-vis spectroscopy, gel
permeation chromatography, MALDI-TOF mass spectrometry, analytical ultracentrifugation,
and static light scattering to obtain the molar mass characteristics and composition. The
biocompatibility and toxicity of the two polyglycidol-derivatized oligomers were investigated
and the concentration dependence of the survival of three cell lines of human origin determined.
The selective apoptosis effect at relatively low dissolve concentrations toward two kinds of
cancerous cell lines was found.

Pesrome

C1p100BUIHNUTE OTUTOMEPH, ChIBPKAIIM KATUKCAPEHOBH CKEJIETH B OCHOBHATA BEpUra
— kanukc[4]pezopuuHaped (CRA) cTbhiI00BUIHM MakpOMOJEKYJIH C OTBOpEHa BepHura MU
LUUKIMYHA MaKpOMOJIEKYJIH € JBOMHO npbcTeHoBUAHM (Tun Hopus) Tomonoruu — npuBinyar
0CcOOEHO U3CIIEOBATEICKO BHMMaHUE KaTo (YHKIMOHAJIHU MaTepUualid C Pa3In4YHU
MpWIOKEHUs. BpIpeku ToBa, Bce olle MMa 3a0eNeKUTENHA JIMICAa Ha U3CJIEeIBAHUS BBPXY
CHUHTE3a Ha HAIbJIHO BOJO-Pa3TBOPUMH IIPOMU3BOJHHU HA TE3M MHTEPECHU MAKPOMOJIEKYJIIH.
N3cnenBanusta mo Ta3u TemMa OMXa MO3BOJIMIIM TOHE J1a C€ pa3Kpue TsIXHaTta Ouo-OazupaHa
U3CcIe0BaTelICcKa U NMPWIOKHA HUILIA. B HAcTOAMOTO M3CielBaHE € BbBEACHA CTpaTerus 3a
CHUHTE3 Ha BOJO-PA3TBOPUMH MOJUIIIMLIUION-IEPUBATU3UPAHN KAIUKC pPE30PILUHAPHOBU
CTBHJIOOBHIHU OJIMTOMEPH C OTBOPEHA BEpUTa U LIUKJIWYHU CTPYKTypH. M3mon3BaH e moaxoa Ha
MpUCAKIAHE 3a U3TPAKIAHE HA PA3KIOHEHW WIM JUHEWHU MOJUTIUIMI0JIOBU BEPUTH OT
cTpiaboBuTe ckenera. HoBuTe CcTpykTypu Osixa CHHTE3MpaHM C KOJWYECTBEHH JOOMBU U
HanbJIHO Xapaktepusupanu upe3 NMR, FTIR u UV-vis cnekTpockonusi, rei-nmpoHUKBAIla
xpomarorpagpusi, MALDI-TOF wmaccrnekTpoMeTpusi, aHAIMTHYHO YATpalleHTpo(dyrupaHe u
CTaTUYHO pa3ceiiBaHe Ha CBETJIMHATA, 3a J1a CE MOJyyaT XapaKTepUCTUKUTE Ha MOJIapHaTa Maca
U CbCTaBa. BBpXy TpH KIETBYHM JHMHMM OT YOBEIIKM MPOU3X0J Oelmie u3cieaBaHa
OMOCHBMECTUMOCTTA U KOHIIEHTPALIMOOHO — 3aBUCHMMaTa TOKCUYHOCT Ha ABaTa MOJIUTIUIINI0II-
JiepUBaTU3MPAHH OJUTOMEpa. Y CTaHOBEH O€ CeNeKTUBEH alonTo3eH e(eKT MpH OTHOCUTEITHO
HUCKH KOHIEHTpAlLMU Ha pa3TBOpa CIPSIMO JBa BUIA PAKOBH KJIETHYHH JIMHUHU.
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Abstract

Spherical nucleic acids (SNAs) are nanostructures, consisting of a nanoparticle core
densely grafted with strands of nucleic acids that form a shell surrounding the core. They have
important role in different nucleic acid-containing formulations and possess a number of
biological advantages such as: extraordinary stability in physiological environments and
resistance to nuclease degradation; ability to penetrate cell membranes without using
transfection agents; avoiding many biological barriers as well as the attack by the human
immune system; possibilities to deliver specific molecular cargo and biomolecules; showing
promising properties for intracellular diagnostics, cancer immunotherapy, and gene regulation.
Here, we present the characteristics and biological evaluation of nanoarchitectonics based on
different types of SNA. They were constructed by self-assembly of original hybrid
biomacromolecules into vesicular (non-phospholipid nucleolipids [Previously published in:
Dimitrov E et al (2022) Nanomaterials 12, 3645; Dimitrov E et al (2022) Nanoscale Adv. 4,
3793] and micellar SNA nanostructures [polymer-oligonucleotide conjugates (Previously
published in: Kalinova R et al. (2022) Materials 15, 8917)]. The structures were tested for
potential cytotoxic effects on a panel of cancer cell lines. They were found to exhibit the
hallmark properties of SNAs—rapid cellular internalization without the need of transfection
agents, enhanced colloidal and nuclease stability, loading capability for two or more payloads.
The preliminary results obtained are optimistic for the potential biomedical application of the
presented SNAbased nanoarchitectonics.

Pesrome

Cepuunure nykinenHou kucennnu (CHK) ca HaHOCTpYKTYpH, ChCTOSIIM CE OT SAPO
OT HAaHOYACTHUIM, KbM KOETO Ca I'bCTO MPHUCAZACHU HUIIKHU OT HYKJIEHHOBU KHUCEJIHWHHU, KOUTO
oOpazyBar 00BuBKa, oOrpaxpama sgaporo. CHK wurpasr BaxxkHa poJiis B pa3audyHu
(GOpMYIMPOBKH, CHIBPXKALIM HYKIEHHOBU KHUCEIMHM, M TPUTEKaBaT peaulia OMOJOTHYHU
MpPEeIMMCTBA, KaTO HalpUMep: H3KIIOUWUTENIHA CTAOMIHOCT BBB (DU3HOJIOTHYHU CpEeIu U
YCTOMUMBOCT Ha pasrpaxkJaHe OT HYyKJIea3H; CIOCOOHOCT 3a NMPOHHMKBAHE Mpe3 KIETHhUHU
MeMOpaHu 0e3 M3MOJ3BaHe Ha TPaHC(EKIIMOHHU areHTH; M30sArBaHe HAa MHOTO OMOJOTHYHHU
OapuepH, KakToO M Ha aTakara OT YOBEIIKaTa MMyHHA CUCTEMA; Bb3MOXHOCTH 3a JJOCTaBsiHE Ha
crenu(puUeH MOJIEKYJSpeH ToBap M OMOMOJIEKYJIM; IOKa3BaT oOellaBalll CBOMCTBA 3a
BBTPEKJIEThYHA JTUATHOCTHKA, IMYHOTEpANus Ha pak U TeHHA perynanus. Tyk mpeacTaBsimMe
XapaKTepUCTUKUTE U OMOJIOTMYHATA OLIEHKA HAa HAHOAPXUTEKTOHUKATA, Oa3upaHa Ha pa3jiuyHu
BugoBe CHK. Te ca koHCcTpyupaHu dype3 caMocriioOsBaHE Ha OpHUTMHAIHU XHUOPUAHU
OMOMaKpOMOJIEKYJM BbB Be3UKyJapHU (Hedochomunuanu Hykiaeomunuau [llpeau Tosa
nyonukyBaHo B: Dimitrov E et al (2022) Nanomaterials 12, 3645; Dimitrov E et al (2022)
Nanoscale Adv. 4, 3793] u munenapan SNA HaHOCTPYKTYpH [MOJIMMEP-OJIUTOHYKICOTHUIHH
kontoratu (IIpenu ToBa myOnmkyBano B: Kalinova R et al. (2022) Materials 15, 8917)].
CTpyKTypHTE ca TECTBAaHHU 3a MOTEHLHUATHU LIUTOTOKCUYHU €(pEeKTH BHPXY MaHEN OT PaKoBU
KJICThYHU JIMHUU. Y CTAHOBEHO €, Ye T€ MPOsBABAT OTIMUUTEHUTE cBOoiicTBa HA SNA - Obp3a
KJIEThYHA HWHTEPHATM3AUs 0€3 HEOOXOIMMOCT OT TpPaHCHEKIIMOHHW areHTH, MoJ00peHa
KOJIOM/IHA U HyKJIea3Ha CTa0MIIHOCT, CHOCOOHOCT 3a 3apekJaHe Ha JIBa MJIU MOBeYe MOJIE3HU


https://www.webofscience.com/wos/woscc/full-record/WOS:001401044000397
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Abstract

Polymer-based gene delivery systems are globally studied, as safer and less immunogenic
substitutes to viral systems. However, as nucleic acids (NAs) are stable and hydrophilic
molecules, and their intracellular delivery and targeting rely on secondary carriers. In this work
we are presenting the biological effects of novel nucleic acid-polymer conjugates (NAPCs) on
two cell lines — A549 and HepG2. NAPCs are composed by oligonucleotides functionalized
with different polyethers such as poly(ethoxyethyl glycidyl ether) and polyesters such as poly(e-
caprolactone). The NAPC assemblies were found to carry thousands of oligonucleotide strands
per particle. Using MTT and crystal violet assays we investigate cytotoxicity of NAPCs applied
on cells at different concentrations. The effect on cell viability was determined by incubating
the cells for 48 h with nanoparticles in a concentration- dependent manner. NAPCs behavior
into cells was investigated by microscopy observations after Neutral red staining and SYBR
Green | staining (Previously published in: Bakardzhiev P et. al. (2020) European Polymer
Journal, 131). Our results suggest that the biological properties of the NAPCs include low
toxicity and rapid cellular uptake without the need of other transfection agents. We conclude
that these novel NAPCs are promising carriers for the delivery of DNA with potential for
biomedical applications.

Pesrome

CuctemuTe 3a reHHa JOCTaBKa Ha IOJIMMEPHAa OCHOBa ca OOEKT Ha MpPOYy4YBaHUS B
CBETOBEH Malad, KaTo Mmo-0e30MacHU U MO-MajJKO UMYHOT€HHHU 3aMECTHTENIN Ha BUPYCHUTE
cucremu. Tpi kaTo obaye HykienHOBUTE KHucelnMHU (NAS) ca cTaOMIHM U XUAPODUIHU
MOJIEKYJIH, TAXHOTO BBTPEKJIETHYHO JOCTAaBSIHE U HACOUBAHE pa3yuTa Ha BTOPUYHU HOCUTEIIH.
B ta3u pabota npencrapsiMe 6MOI0OrMUHUTE €()EKTH HA HOBU KOHIOI'aTH HYKJIEMHOBA KHCEJINHA-
nonumep (NAPCs) Bbpxy nBe kierbunu Jiuann — A549 u HepG2. NAPCs ca cbcTaBeHH OT
OJIMTOHYKJIEOTHIM, (YHKUHOHAIM3UPAHU C Pa3IMYHHU TOJMETepH, KaTo MOJIH(ETOKCHETHII
[NIMUUWIOB €Tep), U MOJUECTepH, KaTo Moyu(e-KanpoiakToH). YcraHoBeHo e, ye NAPC
CTPYKTYpPUTE HOCAT XUIAAU OJUTIOHYKJICOTHIHM HULIKKM Ha 4actuna. Msmomssaitku MTT-
aHaJI03 W OLBETABAHE C KPHUCTAJl BHUOJIET, H3cieaBaxme LuToTokcnyHoctta Ha NAPCs,
NPUJIOKEHW BBPXY KIETKM B pa3IMYHM KOHLEHTpauuu. EdekTsT BBbpXy KiIeTbuHaTa
YKU3HECTIOCOOHOCT O€ ompe/eNieH upe3 HKyOupaHe Ha KJIETKUTE B MIPOIbDKeHHE Ha 48 yaca ¢
HAHOYACTHIM IO KOHILIEHTpAallMOHHO-3aBUCUM HauuH. [loBenennero Ha NAPC B kietkute
Oelle U3CIIeBaHO YPE3 MUKPOCKOTICKU HAOIIOICHHUS CIE]] OL[BETSIBAHE C HEYTPAIHO YEPBEHO U
ougetsiaHe cb¢ SYBR Green I (nmybnukysano npeau ToBa B: Bakardzhiev P et. al. (2020)
European Polymer Journal, 131). HamuTe pe3ynratu nokassar, 4ye OMOJIOrMYHUTE CBOMCTBA Ha
NAPC BKkIII0YBaT HUCKA TOKCHYHOCT M OBP30 KJIETHYHO YCBOsIBAaHE 0e3 HEOOXOIMMOCT OT
Ipyru TpaHC(EKIMOHHY areHTy. 3akioyaBame, ye Te3u HoBu NAPC ca o6emiaBaiy HoCUTEIN
3a goctassiHe Ha JIHK ¢ morenuan 3a OMOMeTUIIMHCKY TPUITOKEHUSI.
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Abstract

Nucleic acid-polymer conjugates (NAPCSs) are obtained by click coupling reactions of
appropriately functionalized oligonucleotides with synthetic polymer chains of different
chemical nature, composition, and properties, namely, polyethers such as poly(ethoxyethyl
glycidyl ether) and polyesters such as poly(e-caprolactone). The resulting NAPCs are
amphiphilic and form stable aggregates in aqueous solution. The aggregates are thoroughly
investigated by a variety of techniques — static, dynamic, and electrophoretic light scattering,
transmission electron microscopy, and atomic force microscopy. The size and molar masses of
the particles as well as other parameters such as aggregation number and number of
oligonucleotide strands per particle are significantly larger than those, reported for metal-free
spherical nucleic acids. Formation of super aggregates of smaller individual micelles or non-
micellar assemblies by hydrophobic interactions between the synthetic polymer chains and
“sticky” interactions between oligonucleotides such as base pairing, m-stacking, hydrogen
bonding is anticipated. The “sticky” interactions are counterbalanced by repulsion between the
negatively charged oligonucleotide strands thus providing colloidal stability of the structures.
The surface density of the oligonucleotide strands in the shell implies that the latter are in a
random coil (mushroom) conformation rather than in a fully extended, brush regime. The
hallmark properties of the prototypical spherical nucleic acids — non-toxicity and
biocompatibility, increased cellular uptake without the need of transfection agents, enhanced
nuclease stability — are also exhibited by the novel constructs despite of the differences in size,
morphology, and structure.

Pe3rome

Kontoratute HykienHoBa kucenuHa-nonumep (NAPC) ce momywaBar upe3 KIHK-
KyIUIUpali peakuud Ha TOAXOAAN0 (QYHKIMOHAIM3HPAHH OJMTOHYKJICOTHIH CbhC
CHUHTETHUYHHU MOJUMEPHH BEPUTH C Pa3UyHAa XMMHMYECKa NPUPOAA, ChCTaB M CBOWCTBA, a
MMEHHO TOJUETEePH KaTO IMOJM(ETOKCHETH TIUIHIIIOB €Tep) M MOJHEeCTEpHU KaTto MOJH(E-
karponaktoH). [Tomyuennre NAPC ca ampudunnu 1 06pazyBaT cTaOMIHH arperatu BbB BOAECH
pasTBop. Arperatute ca OOCTOMHO W3CJIECBAHM 4Ype3 pa3IMUYHU TEXHUKA — CTATUYHO,
JUHAMUYHO U €JIeKTPO(OPETUYHO pa3ceiiBaHe Ha CBETJIMHATA, TPAHCMUCHOHHA E€JIEKTPOHHA
MHUKPOCKOTHS M aTOMHO-CHJIOBAa MUKPOCKOTIHsI. Pa3MephT W MOJIapHUTE Macy Ha YaCTULIUTE,
KaKTO U JIpyTH MapaMeTpH KaTo Opoit Ha arperamuTe U Opoil Ha OJTMTOHYKJICOTHIHUTE BEPUTH
Ha YacTWIA, Ca 3HAYUTEITHO TO-TOJIEMH OT TEe3HW, NOKJIAIBaHH 3a CPEPHUYHU HYKICHHOBHU
kucenuHu 6e3 meran. OyakBa ce 0Opa3yBaHETO Ha cymneparperaTd OT MO-MajJKH OTACITHH
MUIIETH WM HEMHIENAPHH CTPYKTYpH Ype3 XuApo(GOOHW B3aUMOJCHCTBUS MEXIY
CHUHTETHUYHUTE MOJMMEPHU BEPUTH U ,,JIETIKABH'* B3aUMOJICHCTBUS MEXIY OJIMTOHYKIICOTUIH,
KaTo HampuMep CIBOsBaHE Ha 0a3u, T-TIOJPEXTaHe, BOJOPOIHU BpPB3KH. ,JlemkaBute™
B3aMMOJICHCTBHUS CE€ YpaBHOBECABAT OT OTONBCKBAHE MEXKIY OTPHULIATENIHO 3ape/ieHHUTe
OJIMTOHYKJICOTHIHU BEPUTH, KaTO TIO0 TO3M HAYWH CE€ OCHTYpsBa KOJOWIHA CTaOWIIHOCT Ha
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cTpykTypute. [loBbpXHOCTHaTa IUTBTHOCT Ha OJUTOHYKJICOTHAHUTE HUIIKM B OOBHBKAaTa
npearnoiara, 4e MocjeIHUuTe ca B KOH(pOpMalus Ha MPOM3BOJIHA crnupana (rpba), a He B
HAI'bJIHO pa3TErHar, YeTKOBUIEH peXUM. OTIMYUTETHUTE CBONCTBA HAa MPOTOTUITHUTE
cepuvHN HYKJICHMHOBH KUCEIIMHU — HETOKCUYHOCT U OMOCHBMECTUMOCT, TOBHUIIIEHO KJIETHYHO
yCcBOsIBAaHE 0e€3 HEOOXOAMMOCT OT TpaHC(EKIIMOHHU areHTd, moJo0peHa HyKJea3Ha
CTaOMIIHOCT — CBIIO CE MPOSBSABAT OT HOBUTE KOHCTPYKLUH, BHIPEKU PA3IMKUTE B pazMepa,
MopoorusTa u CTpyKTypara.
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Abstract

The present contribution is focused on feasibility of using comb-like copolymers of
polyethylenimine with poly(2-ethyl-2-oxazoline) (LPEI-comb-PEtOx) with varying grafting
densities and degrees of polymerization of PEI and PEtOx to deliver DNA molecules into cells.
The copolymers form small and well-defined particles at elevated temperatures, which are used
as platforms for binding and condensing DNA. The electrostatic interactions between particles
and DNA result in formation of sub-100 nm polyplex particles of narrow size distribution and
different morphology and structure. The investigated gene delivery systems exhibit transfection
efficiency dependent on the copolymer chain topology, shape of the polyplex particles, and
internalization pathway. Flow cytometry shows enhanced transfection efficiency of the
polyplexes with elongated and ellipsoidal morphology. The preliminary biocompatibility study
on a panel of human cell lines shows that pure copolymers and polyplexes thereof are practically
devoid of cytotoxicity.

Pesrome

Hacrosimusit mpunoc € ¢okycupaH BBPXY BB3MOXKHOCTTA 3a M3IOJI3BaHE Ha
rpeOCHOBUIHU CHIIOJIMMEPH Ha TMOJMETUICHUMHUH ¢ Tonun(2-etui-2-okcasonun) (LPEI-comb-
PEtOx) ¢ pa3znuyHa IuTbTHOCT Ha MIpUCAXIaHe U cTeneH Ha noiaumepusanus Ha PEI u PEtOx
3a nocraBsHe Ha JIHK monekynu B kierkute. Chbmonmmepure oOpaszyBaT MalKH U J00pe
neUHUPAHN YACTUIU TP TIOBUIIICHH TEMIIEPATYPH, KOUTO CE U3MOJI3BAT KaTo IiaThopMu 3a
cBbp3BaHe U KoHAeH3upaHe Ha JIHK. EnekTpocTaTnyHuTE B3aMMOACICTBUS MEX/TY YaCTULIUTE
u JIHK BoasT no oOpasyBaHETO Ha MOJUIIEKCHU YacTHIM ¢ pazMep moa 100 nm ¢ TscHO
pasmpeneneHue Ha pa3Mepa U pa3nudHa Mop(hoJIoTHs U CTpyKTypa. M3cienBanure cucreMu 3a
JIOCTaBsIHE HAa T€HH TOKa3BaT €(PEKTHBHOCT HA TPaHCQEKIMs, 3aBHUCHMMa OT TOTOJIOTHUsITA Ha
ChIIOJIMMEpHAaTa Bepura, ¢opMaTa Ha TMOJUIUIEKCHUTE YACTHIIM U BT HA WHTEPHAIU3ALIUA.
Doy TOMETpUSITA TIOKa3Ba MOBHUIIIEHA €(DEKTUBHOCT HAa TPAHC(HEKIHs HA TOJUTIIIEKCUTE C
yAbIKEeHa U enurconana mopdonorus. [IpeaBapure1HOTO nmpoydyBaHe 3a OMOCHBMECTUMOCT
BBPXY IMaHEN OT YOBEUIKH KJICTHhUYHW JMHUU TIOKA3Ba, Y€ YHUCTUTE CHIOJUMEPU U TEXHUTE
MOJIMIJIEKCH Ca MPAKTUYECKHU JHUIIEHH OT UTOTOKCUYHOCT.
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Abstract

Comblike polyethylenimines with varying degrees of polymerization of both the main
and side chains as well as different grafting densities were evaluated as gene delivery vectors.
They were able to condense linear and plasmid DNA into nanosized polyplex particles with
dimensions and surface potentials in the 130—330 nm and —30 to +15 mV ranges, respectively,
depending on the amine/ phosphate (N/P) ratio. The polyplexes remained stable in aqueous and
buffer solutions from several hours up to several days. The moderate colloidal stability was also
manifested in a relatively broad size distribution (PDI typically above 0.2) and structural
polymorphism observed by transmission electron microscopy. Both the neat polymers and
polyplexes displayed low cytotoxicity in WISH cells as the relative cell viability was more than
60%. Experiments with lysosomal fluorescence staining revealed that the internalization
pathways and, in turn, transfection efficiency of the polyplex nanoparticles depended on the
polymer chain topology. The vector systems based on the polymers of denser structure can be
considered to be promising systems for gene transfection in eukaryotic cells.

Pesrome

['peOeHOBHIHN TONMETHICHUMHUHU C pa3jiMyHa CTENeH Ha MOJMMEpH3alHs KaKTo Ha
OCHOBHMTE, TaKa U Ha CTPAaHUYHUTE BEPUTH, KAKTO U C Pa3JIM4yHA IIBTHOCT Ha MPUCAXKIAHE,
Osixa OLIEHEHHW KaTo BEKTOPH 3a JOCTaBsHE HAa TeHHW. Te Osxa COoCOOHM N1a KOHIEH3WpPAaT
nuHelHa ¥ minasmuaHa JIHK B HaHOpasMepHM MONMIUIEKCHH YacTUIM C pa3Mepu H
MOBBPXHOCTHU TOTEHIMAIM CHOTBETHO B nuanazonute 130—330 nm u —30 mo +15 mV, B
3aBUCUMOCT OT chOTHOLIeHneTo amut/gocdat (N/P). Ilonunnekcure ocraBaxa cTaOUIHU BbB
BOAHM M Oy(depHH pa3TBOPH OT HSKOJKO Haca J0 HSAKOJKO JHU. YMepeHara KOJOWJHA
CTaOMJIHOCT ce€ IMpOsIBABalle M B OTHOCUTEIHO HIMPOKO pasmnpezeneHue Ha pazmepute (PDI
obuxkHoBeHO Haa 0.2) U CTPYKTypeH mnoaumMopdu3bM, HaONIOAaBaH 4pe3 TPAHCMHUCHOHHA
eJIeKTpOHHAa MUKpockonus. KakTo uncture noauMepu, Taka v MOJUIUIEKCUTE ITOKa3axa HUCKA
uToTOKCHYHOCT B WISH KIIETKU, Thif KATO OTHOCHUTEJIHATA KIETHhYHA )KU3HECIIOCOOHOCT Oellie
noseye oT 60%. ExcriepuMeHTH C JHM3030MHO (DIyOpECLEHTHO OLIBETSABAaHE pa3KpHxa, 4ue
IBTUIIATA HA WHTEPHAJIM3AIMS W, OT CBOS CTpaHa, ePEeKTHBHOCTTa Ha TpPAaHCQEKIHs Ha
MOJIUIJIEKCHUTE HAHOYACTHUIIM 3aBUCAT OT TOMOJIOIUATA HAa MOJMMepHaTa Bepura. BekropHure
crcTeMu, Oa3upaHu Ha TIOJIMMEPH C TO-TUTBTHA CTPYKTYpa, MOTaT JIa CE€ CUMTAT 3a 0OeIIaBaIln
CHCTEMH 3a FeHHA TPAHC(EKIHs B €yKapUOTHU KIICTKH.

I25. T. Topouzova-Hristova, J. Doumanov, D. Melnishka, K. Mladenova, V.
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of novel gene delivery vector systems based on poly(vinyl benzyl
trimethylammonium chloride) on A549 cell line, FEBS journal , vol:282,
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Abstract

Polymer-based gene delivery systems are safer, less pathogenic and less immunogenic
alternatives to viral systems. In this work we are focused on effects of novel homopolymers
based on vinyl benzyl trimethylammonium chloride as gene delivery vector systems in a mode
A549 human lung cancerous cell line. Cells are incubated with DNA/polymer complexes
(polyplexes contain salmon sperm DNA) at a wide range of N/P (amino-to-phosphate groups)
ratios and concentrations for 6 h. Using MTT assays, trypane blue and methylene blue staining,
we investigate cytotoxicity of polyplexes, whereas their behaviour into cells during five days
period was investigated by microscopy observations.

Using MTT assay, we found very low/non toxicity of both the pure polymer and
polyplexes at various N/P ratios in the concentration range 5-50 pug/ml of. At the same time, a
partial permeabilisation of cellular membranes was detected. Our results suggest absorption on
the cell surface and entering of polyplexes into about 50% of the cells. Additionally, 48 h—72 h
after treatment, the polyplexes showed movement out of the cells, probably forming exosomes.
The cell number dramatically decreased and the cell morphology was affected. Our data suggest
successful internalization of the studied polyplexes; however, they stay stable for several days
into cytoplasm.

For delivery of DNA it is critical to develop less stable polymer particles. We conclude
that these nanosized complexes are promise materials to transport biological molecules and
particular for gene therapy for treating a wide range of diseases.

Pesrome

Cuctemurte 3a I0CTaBsHE Ha T'€HU Ha 0a3aTa Ha MOJUMEPH ca M0-0e30MacHH, M0-MaJIKO
MATOTE€HHU U [0-MAJIKO UMYHOI'€HHM aJITEPHATUBU HAa BUPYCHUTE cucTeMu. B Ta3zu pabora ce
¢dokycupame BBpPXy e(EeKTUTe Ha HOBUM XOMONOJIMMEpH, Oa3upaHM Ha BHUHUIOEH3WII
TPUMETHIIAMOHHMEB XJIOPUJ, KAaTO BEKTOPHU CHUCTEMH 3a JIOCTaBsIHE Ha T'€HHM B YOBEIIKATa
6enoapoOHa pakoBa kineTbuHa TuHUS A549. Knerkure 6s1xa nnkyoupanu ¢ JJHK/moaumepun
KoMIUIeKkcH (nonuruiekcure cbabpkat JJHK ot cnepmaTo3onan ot cboMra) B LIMPOK AUANIa30H
OT CbOTHOIIEHUS U KOHIEeHTpanuu Ha N/P (aMmuHO-KBM-(hocdaTHU TpyIn) B MPOABIDKEHUE HA
6 gaca. M3nomnsBaiiku MTT ananu3u, oupeTsBaHe ¢ TPUIIAHOBO CUHHO M METUJIEHOBO CHHBO,
u3cieBaXMe HUTOTOKCUYHOCTTAa HA TMOJIMIUIEKCHUTE, J0KATO MOBEJIEHUETO UM B KJIETKHUTE B
MPOBJKEHUE Ha NIET THU Oellle U3CJIeIBaHO YPe3 MUKPOCKOIICKH HAOI0ICHUS.

Wznomspaiiku MTT ananu3, OTKpUXMe MHOT'O HHUCKa TOKCHYHOCT/HETOKCHUYHOCT KAaKTO
Ha YHCTUS TOJIMMEp, Taka M Ha MOJMIUIEKCUTE MpU pa3IudHu choTHomIeHus N/P B
KOHIeHTpannoHHus: auana3on 5-50 pg/ml. B cemoro Bpeme Oeme OTKpUTa YacTHYHA
nepMeaduIM3anus Ha KJIeTbYHUTe MeMOpanu. Hamure pe3ynratu nokassaTt abcopOuusi BpXy
KJIEThYHATA OBBPXHOCT M HABJIU3aHE Ha MOJUILIEKCUTE B O0Koso 50% ot knerkure. OcBeH
ToBa, 48—72 4Waca ciej TpeTUpaAHETO, MOJMIUIEKCUTE TMOKa3axa JBWKEHHUE W3BBH KIIETKUTE,
BEPOSITHO 00pa3zyBailku €k3030MH. BposAT Ha KJIETKHUTE ApacTUYHO HaMals W KJIEThUHATa
Mop¢onoruss Oeme 3acerHara. Hammre naHHM mNoKa3BaT yCHEIIHAa WHTEpHAIW3alUs Ha
U3CJeIBAaHUTE MOJIMIUIEKCH; Te 00adye OcTaBaT CTAOMIIHHM B IIUTOIUIa3MaTa B MPOJbIDKEHUE Ha
HSKOJIKO JTHU.

3a nocraBsHeto Ha JIHK e ot pemaBaiiio 3HaueHue j1a ce pa3padboTsT NO-MajlKoO CTA0OMIIHU
MOJINMEPHU YacTUIM. 3aKioyaBaMe, 4e Te3M HaHOpa3MepHH KOMIUIEKCH ca o0ellaBalu
MaTepHaly 3a TPAHCIOPTHpaHe Ha OMOJIOTMYHHI MOJIEKYJIU M ¢a 0OCOOCHO MOAXOISIIN 3a TeHHA
Tepamnusl 3a JICYeHHEe Ha IIHUPOK CIEKThP OT 3a00JIsIBaHuUS.
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Background: Mutations in collagen type IV alpha 1 (COL4A1l) are associated with
multisystem abnormalities affecting mainly the brain and the retinal vasculature. We identified
a pathogenic variant R1656S in COL4Al in patients with retinopathy, anterior segment
dysgenesis, and cataract, and aimed to evaluate the molecular effect of R1656S-mutation in
MDCKII cells.

Material and methods: MDCKII cells were transiently and stably transfected using
Effectene Transfection Reagen (Qiagen) with expression vectors containing WT COL4A1 and
mutant R1656S along with GFP (pCMV-eGFP, Genecopea). ZO-1 (Tight junction protein) and
GM-130 (Golgi marker) immunofluorescence, as well as TRITC-Phalloidin staining of actin
cytoskeleton and cell nuclei with DAPI was performed on confluent cells.

Results: Using mammalian expression system based on transient and stably transfected
MDCKII cells, we assessed the colocalization of F-actin cytoskeleton, ZO-1, GM-130, and
COLA4AL1 proteins. No changes were found in cell morphology, ZO-1, GM130 and actin
cytoskeleton structure but we observed differences in cell growth, mitotic index, and
distribution of WT and R1656S-COL4AL. In cells expressing WT-COL4AL1, its colocalization
with F-actin filaments and ZO-1 close to the cell periphery was detected. This localization was
less pronounced or absent in cells expressing R1656S-mutant. A strong signal for the COL4A1-
R1656S was detected in close proximity to the Golgi apparatus.

Conclusion: Our findings explain the mixed phenotype of epithelial changes used as
model system, which could be related to the retinal epithelial changes associated with optic
nerve dysgenesis and secondary glaucoma observed in our patients, and suggest that carriers of
COL4A1-R1656S may be at elevated risk of retinopathy.

Mpeaucropus: Myrtamuure B kojaren tun IV anda 1 (COL4Al) ca cBbp3anu ¢
MYJTHCUCTEMHU AaHOMAJIMK, 3acsralld TIJIABHO MO3bKa W pETUHAJIHATa BacKyJjaTypa.
Nnentudumupaxme narorenen Bapuant R1656S 8 COL4A1 npu nmanueHTy ¢ peTUHOMATHS,
JUCTEHEe3a Ha NPEJHUS OYEH CETMEHT M KaTapakTa M CU IIOCTaBMXME 3a LEJ J1a OLEHUM
Mostekyssipaust egpekt Ha R1656S-myTtanusta 8 MDCKII knetku.

Matepuanau u meroau: MDCKII kneTku 0sxa MpexoHO U CTAOMIIHO TPaHCHEKTUPAHH
c nomotra Ha Effectene Transfection Reagen (Qiagen) ¢ ekcripecMOHHU BEKTOPH, ChABPIKALLIU
WT COL4Al1 wu wmyranta R1656S 3aemno ¢ GFP (pCMV-eGFP, Genecopea).
Wmynodnyopectienimst ¢cbe Z0O-1 (6enThk Ha IbTHUTE KOHTakTH) 1 GM-130 (Mapkep 3a
anapata Ha ['onmxu), kakto u ousersBane ¢ TRITC-danonann Ha aKTUHOBUS [IUTOCKENET U
kierbuHuTe siipa ¢ DAPI 6s1xa u3BbpIeHH BbpXY KOHQIIYEHTHH KIIETKH.

Pesyararu: M3nomn3Baiiku excnpecMoHHa cucremMa npu Oo3aiiHuuu, Oa3upaHa Ha
npexoaHo u crabuinHo TpaHchektupann MDCKII kneTku, HUE OLEHUXME KOJOKaJIU3alusITa
Ha F-aktunoBus nwurockener, Z0O-1, GM-130 u COL4A1l nporeunute. He 0sixa oTKpuTH
MpoMeHH B kieTbuHata Mopdosorusi, ZO-1, GM130 u cTpykTypaTa Ha aKTHHOBHS IIATOCKEJIET,
HO Ha0JIr01aBaxMe Pa3iIMKU B KJIEThYHUS PACTEK, MUTOTUYHHUS MHJIEKC U PA3NpEIETICHUETO Ha
WT u R1656S-COL4A1. B knerku, excupecupamy WT-COL4A1, Gemre ycTaHOBeHa HeroBarta
Kosokanuzauus ¢ F-aktuHoBu ¢unamentu u Z0O-1 61u30 g0 kierpuHata nepudepus. Tazu
JoKaym3anus Oerre Mmo-ciiabo M3pa3eHa WIM JIMIICBAIle B KJIETKH, ekcrpecupamu R1656S-
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myTaHT. Cunen cur"an 3a COL4A1-R1656S Gemie OTKpUT B HEMOCPEACTBEHA OJIM3OCT 110
arapara Ha ['onmxu.

3akiaroyenune: Hammte oTkputus 0OsicHSBAT cMeceHUs (EHOTUIl Ha EHMUTEIIHUTE
MIPOMEHHM, H3IMOJI3BAHM KAaTO MOJeNHA CHCTeMa, KOMTO OMxa MOINIM Ja ObJaT CBBP3aHH C
MIPOMEHUTE B PETHHAJHUS €MUTEN, AUCTEHE3Usl Ha 3pUTENIHUSA HEPB U BTOPHYHA IJayKoMa,
Ha0JII0AaBaHu MPHU HAIIMTE MALMEHTH, U mpennoiarat, ye Hocutenute Ha COL4A1-R1656S
MOJKeE Jla ca C TIOBUILIEH PUCK OT PETUHOIATHSI.
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Abstract

Interleukin-6 (IL-6) is a multifunctional cytokine that is important in inflammatory
processes, cell differentiation and growth.

Pulmonary surfactant is a protein-lipid complex, which reduce surface tension at the
alveolar air-liquid interface, thereby preventing lung collapse. Surfactant protein A (SP-A) is
the most abundant of four surfactant proteins (SP-A, SP-B, SP-C and SP-D). It binds to alveolar
macrophages, stimulates their chemotaxis and serves as an opsonin in the phagocytosis.

Low SP-A levels are associated with increased inflammation in the lung. In the absence
of infection SP-A inhibited IL-6 production. In infected macrophages, SP-A augmented IL-6
production. In humans, SP-A levels are altered by a number of disease states. In some of them
there is increased levels of SP-A in the bronchoalveolar lavage fluid.

Here we investigate presence/absence of correlation between increased levels of IL-6 and
production of SP-A from A549 lung cell line. Our results suggest that incubation of A549 cells
with IL-6 for different time changes significantly the expression levels of SP-A.

Pesrome

WnreprneBkna-6 (IL-6) e MHOropyHKIMOHANCH LUTOKMH, KOWTO € BakeH 3a
BB3MAJIUTEIIHUTE MPOIIECH, KIIeThbuHaTa AU(EepeHIMALINS U pacTexa.

benoapoOHUAT chpaKkTaHT € MNPOTEUH-TUMNMICH KOMIUIEKC, KOHTO HamassiBa
MOBBPXHOCTHOTO HANpeXEeHHE Ha alBeojapHaTa IpaHMIA BbB3AYyX-T€YHOCT, KaTo MO TO3U
HauuH NpeaoTBpatsiBa OenoapoOHus konarc. CepdakranTHuAT npoteuH A (SP-A) e Haii-
Pa3npOCTPaHEHUSAT OT YeThupuTe chpdaktanTHu nporenna (SP-A, SP-B, SP-C u SP-D). Toii ce
CBBP3Ba C aJIBEOJApPHUTE MaKpo(daru, CTUMYJIMpa TEXHUS XEMOTAKCUC U CITy>KU KaTO OTICOHUH
npu ¢aronurosara. Huckure HuBa Ha SP-A ca cBbp3aHM C MOBUIIEHO BB3MAJICHUE B Oenus
npo0. Ilpu nunca Ha nadeknus SP-A naxubupa npousBoactBoro Ha IL-6. B nndexrupanute
Makpodaru SP-A yBennuaBa mpousBoictBoro Ha IL-6. Ilpu xopara nuBata Ha SP-A ce
MIPOMEHAT OT peAnlia 60IecTHH cheTossHUS. [Ipy HAKOM OT TSX MMa MOBHUIIEHU HUBa Ha SP-A
B OpOHXOaJIBEeOJIapHaTa JIaBa)KHA TEYHOCT.

Tyk u3cnenBame HaTMUMETO/IUIICATa HA KOpEIalus MEX/y OBUIIEHNTe HUBa Ha [L-6 u
mpou3BoJIcTBOTO Ha SP-A or OenonpoOHa kierbyHa JuHus AS549. Hammre pesynratu
nokasBaT, uye uHKyOarmsra Ha A549 kietku ¢ IL-6 3a pa3nu4HoO BpeMe MPOMEHs 3HAUUTEITHO
HUBaTa Ha ekcrpecust Ha SP-A.
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(The American Journal of Human Genetics 90, 321-330; February 10, 2012)

In the original version of this report, which describes GPR179 mutations in patients with
complete congenital stationary night blindness, we applied an antibody against human GPR179
to mouse retinal sections and concluded that GPR179 was localized to horizontal cells and
Miiller cell endfeet (Figure 4). We have since discovered that this use of the antibody does not
result in specific labeling. Our recent results support the conclusion of the parallel study of
Peachey et al.,! which concluded that GPR179 is expressed in retinal bipolar cells.

B opurunannara Bepcus Ha TO3M JI0KJaj, KOWTo onuca myranuute Ha GPR179 npu
NAIMEeHTH C IIbJIHA BPOJEHA HENpPOrpeCcMBHA HOIIHA CIIENOTa, HUE IPUIOKHUXME aHTHUTSIIO
cpeuty yosewmiku GPR179 Bbpxy cpe3u oT peTHHa Ha MUIIKM M 3akiounxme, ye GPR179 e
JIOKAJIM3UpPaH B XOPU3OHTAJIHM KJIETKM M Kpauila Ha KieTkure Ha Mironep (Purypa 4).
OTToraBa OTKpUXMeE, Y€ TOBA M3MOJI3BAHE HA AHTUTSUIOTO HE BOAM JI0 CIEIU(DUIHO MapKUpaHe.
Hamure ckopowrHu pe3yiTaTH MOAKPEINAT 3aKJIOYEHHUETO Ha MapajesIHOTO IpOoy4yBaHE Ha
Peachey et al.,! koero 3axmoun, e GPR179 ce excripecupa B GUTIONAPHH KJIETKU HA PETHHATA.
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