Insan Bagirsak Kok Hiicresinden Elde Edilmis Epitelyal
Hiicrelerdeki LPS’yle Uyarilmis Proinflamatuar Gen Ifadesi
Profilinin Ondamed Frekanslariyla Tersine Dondiiriilmesi:
Ondamed Cihazinin Agr1 Yonetimindeki Giivenligi ve Verimliligini
Destekleyen in-Vitro Pilot Calisma Ozeti

Arkaplan:

Agr “gercek bir doku hasariyla iligkilendirilmis duyusal ve duygusal bir deneyim
olarak veya boyle bir hasar {izerinden tarif edilen bir deneyim” olarak tanimlanir.
Agr1 ya nosiseptif ya da néropatik kaynakli olabilir. Agr siireye bagli olarak
akut (<6 ay) veya kronik (>6 ay) olarak adlandirilir; agr1 mekanizmalari ¢cok fazla
ve komplekstirler. Agr1 genelde kaynagi veya dogasindan bagimsiz olarak doku
hasarimin sonucu olarak goriliir. Buna genel olarak zarar gérmiis dokunun hasarli
kisminda bulunan aktiflesmis hiicrelerde i¢sel olarak iiretilmis faktorlerin
birikmesi eslik eder. Bu igsel faktorler genellikle genis bir sinyal molekiilleri
dizinini yansitan inflamatuar mediatorler olarak anilirlar. Bu molekiiller agrinin
patofizyolojik stireciyle iligkilidirler. Bu yiizden inflamatuar agrilarin
farmakolojik yonetiminde ana strateji dokudaki proinflamatuar sitokinlerin
sentezi ve birikmesini engellemektir. Hatta farmakolojik agr1 yonetiminde
kullanilan NSAID ve OPIOID ajanlariin bir¢ogu bu sitokinlerin engellenmesi
veya agr1 reseptOrlerinin bloklanmasi prensibiyle calisir.

Bu nedenle Ondamed, farmakolojik olmayan bir cihaz gelistirilirken bir gen
ifadesi analizi ¢alismasi da igeren biitlinsel bir yaklasim sergiledi. Ondamed,
bunu pulsatil EM Frekanslarin genlerin diizenlenmesindeki yararl etkilerini
gostermek i¢in yapti. Bu genler sadece yukarida bahsedilen, agriyla baglantili
mekanik inflamatuar yollarla iligkili olan genler degil; ayn1 zamanda biitiin insan
genomunda bilinen genlerdir. Bu da insan viicudundaki total homeostazlin
korunmasi konusunda yeni kavrayislar saglayabilir.

Deney Plam

Bir insan bagirsak primer epitelyal hiicre (IBPEH) kiiltiir sistemi (Panja, 2000)
Ondamed cihazinin tirettigi pulsatil EM frekanslarin, bakteriyel lipopolisakkarit
(LPS) ile karsilastirilmis hiicrelerdeki gen ifadelerini degistirip degistirmedigini
test etmek i¢in kullanilmistir. Ondamed ya da LPS uygulanmamis kontrol
hiicreleri temel kontrol islevi gérmiislerdir.



Kisaca, IBPEH ler 6 adet doku kiiltiirii yuvasina asagidaki 3 senaryoyu temsil
etmek i¢in konmustur:(750K hiicre/yuva/2 ml IBPEH ortami)

1. Normal saglikli durum (tedavi uygulanmanmus kontrol) — Hiicreler sadece
ortamda kiiltiirlenmistir.

2. Simiile edilmis inflamatuar durum — Kiiltiir ortamina LPS eklenerek
(1g/ml).

3. Simiile edilmis inflamatuar durum + pulsatil EM tedavisi durumu — 1g/ml
LPS eklenmesini takip eden 30 saniye boyunca 100 hertzlik Ondamed tedavisi.
Ondamed tedavisi, Ondamed cihazina bagli elektro-manyetik alan
elektrodunun iizerine 6 cm yiiksekliginde plastik bir koprii olusturularak
gerceklestirilmistir. LPS ile karsilastirilmis hiicre kiiltiirii Ondamed cihazi
calistirllmadan 6nce platformun iizerine yerlestirilmistir.

LPS ve LPS+Ondamed uygulanan (2. ve 3. durumlar) veya herhangi bir sey
uygulanmamis (1. durum) hiicreler nemlendirilmis bir CO2 inkiibatoriinde
tiremeleri i¢in 18 saat birakilmiglardir. Ardindan hiicresiz kiiltiir siipernatantlari

protein analizleri igin toplanmis ve 20°C de muhafaza edilmistir. Levhaya yapisik
hiicrelerse daha sonra RNA’da ¢oziinmiistiir, boylece RNA ekstraksiyonun ve
ardindan RNAseq methoduyla yapilacak gen ifadesi analizinin endiistri kalite
standartlarinda kontrol edilmis cihazlarla, standart operasyon prosediirlerle ve
bilimsel protokollerle yapilmasi saglanmistir (New Jersey’deki bir CRO sirketi
aracilifiyla).

LPS uygulanmasinin (simiile edilmis inflamatuar durum) IBPEH lerde yarattig1
gen ifadesi profili degisimi LPS uygulanmis (2. durum) ve uygulanmamis
kontrol (1. durum) hiicrelerindeki 66,446 genin (biitiin insan genomu) ifade
seviyeleri karsilastirilarak ve kiyaslanarak belirlenmistir. Daha sonra Ondamed
cihazi ile yapilan pulsatil EM frekans tedavisi (3. Durum) {i¢ durumdaki
sonuglarin da karsilastirilmasi ve kiyaslanmasiyla incelenmistir.



Inflamatuar Agri (Tablo-1) ve Toksisite (Tablo-2) ile iliskili gen
ifadeleri asagida gosterilmistir.

Tablo 1- Ondamed’in Pulsatil Elektro-Manyetik Frekanslar1 doku kiiltiiriiniin LPS ile

uyarilmis AGRI ile baglantih degismis gen ifadelerini tersine ceviriyor.

ACKRI1 Atypical chemokine receptor 1 0.077015961 | 0.095365154| 0.058116865
ACVRI1 Activin receptor type-1 3.992309921 | 4.880035716| 4.662633078
Disintegrin and metalloproteinase
ADAMS domain-containing protein 8 0.132156743 | 0.163864468| 0.155766573
ADIPOQ | Adiponectin 0.070321098 | 0.074013944| 0.006633109
ADORAZ2A| Adenosine receptor A2a 0.048862072 | 0.050293576| 0.048650178
ADRA2A | Alpha-2A adrenergic receptor 0.123091324 | 0.179655728| 0.068087516
AGTRI Type-1 angiotensin II receptor 0.034362437 | 0.049083716| 0.023460632
AK7 Adenylate kinase 7 0.025604713 | 0.038151782| 0.030592411
cDNA FLJ51934, highly similar to
AOAH Acyloxyacyl hydrolase (EC 3.1.1.77) 0.072962489 | 0.082967684 | 0.043587649
APCS Serum amyloid P-component 0.046094013 | 0.075911075| 0.011014589
APOAI Truncated apolipoprotein A-I 0.119896225 | 0.126934771| 0.121763812
APOC3 Apolipoprotein C-III variant 1 0.029572556 | 0.046383144| 0.02355545
BDKRB1 | Bl bradykinin receptor 0.052618706 | 0.054615396| 0.022188926
BMP2 Bone morphogenetic protein 2 1.569352026 | 1.834935739| 1.54649608
BMPR1B | Bone morphogenetic protein rec. type 1B | 0.078441612 | 0.087501155| 0.027470163




BRD4

Bromodomain-containing protein 4

0.922628868

1.00228517

0.933668851

CIQTNE3 | Complement C1q tumor necrosis factor-
related protein 3 0.109810995 0.129174982| 0.082714146
C3ARI1 C3a anaphylatoxin chemotactic receptor2 | 0.063676354 | 0.074904994 | 0.047550163
C5AR2 C5a anaphylatoxin chemotactic receptor
2 0.205822441 | 0.218495841 | 0.112461517
Calcium/calmodulin-dependent protein
CAMK4 kinase type IV 0.201294643 | 0.218020786 | 0.136384532
cDNA FLJ60955, highly similar to
CARDS Caspase 0.78584106 0.874699199 | 0.748768845
CASP12 Inactive caspase-12 0 0.016867778 | 0.005710812
CCL11 Eotaxin 0 0.00930672 | 0
CCL16 C-C motif chemokine 16 0.073422688 0.120917985| 0.035090057
CCL20 C-C motif chemokine 20 0.044494623 | 0.059818024 | 0.022783715
CCL22 C-C motif chemokine 22 0.116580556 | 0.119995997 | 0.080091747
CCL23 C-C motif chemokine 23 0.046268896 | 0.054427917 | 0.027640948
CCL25 C-C motif chemokine 25 0.008631558 | 0.030460922 | 0
CCL4 C-C motif chemokine 4 0.226635697 | 0.244383757 | 0.180522298
CCL7 C-C motif chemokine 7 0 0.023272192 | 0
CCL8 C-C motif chemokine 8 0.027078862 | 0.031853928 0
CCR7 C-C chemokine receptor type 7 0.102112575 | 0.108107125 | 0.077269014
Monocyte differentiation antigen CD14,
CD180 CD180 antigen 0.072293109 | 0.088584604 | 0.044987252
CDh44 CD44 antigen 1.943804291 | 2.344486464 | 2.299123879
Chymotrypsin-like elastase family member
CHIA Acidic mammalian chitinase 0.035016324 | 0.039023125 | 0.030827534
CHST?2 Carbohydrate sulfotransferase 2 0.057755336 | 0.065748259 | 0.022259952
CLEC7A | C-type lectin domain family 7 member A | 0.032598038 | 0.033553057 | 0.014605503
CMAI1 Chymase 0.009110578 | 0.01071713 | 0
CNRI1 Cannabinoid receptor 1 0.042971773 0.053708719] 0.01444008
Corticotropin-releasing factor-binding
CRHBP protein 0.0456829 0.046573443 | 0.032749051
Macrophage colony-stimulating factor 1
CSFIR receptor 0.21213089] 0.239790321 | 0.209890904
CXCL10 | C-X-C motif chemokine 10 0.072590232 | 0.119547033 | 0.069384421
CXCL9 C-X-C motif chemokine 9 0.024924412 | 0.043979346 | 0.003722449
CXCR6 C-X-C chemokine receptor type 6 0.129102372 | 0.247784935 | 0.232729596
DEFBI1 Beta-defensin 1 0.142872155 | 0.336132243 | 0.170703094
Interferon-induced, double-stranded
EIF2AK2 | RNA-activated protein kinase 2.175236196 | 3.0313561 3.022955261




F3 Tissue factor 1.989401577 | 2.476432377 | 1.724160623
FABP4 Fatty acid-binding protein, adipocyte 0.006115051 | 0.035966872 0
FFAR4 Free fatty acid receptor 4 0.674938968 | 0.675234619 | 0.612975469
FOXP3 Forkhead box protein P3 0.045150192 | 0.068286783 | 0.019266169
FPR2 N-formyl peptide receptor 2 0.096902074 | 0.097705467 | 0.052375861
GJAI Gap junction alpha-1 protein 0.047784785 | 0.056211117 | 0.033584162
Ovarian cancer G-protein-coupled
GPR68 receptor 1 0.078126399 | 0.101093464 | 0.059118575
HDAC4 Histone deacetylase 4 0.139850229 | 0.156248186 | 0.147255042
Inhibitor of nuclear factor kappa-B kinase
IKBKB subunit beta 0.410197552 | 0.500185065 | 0.470179574
IL10 Interleukin-10 0.038842013 | 0.045691384 | 0.020625905
IL15 Interleukin-15 0.627755891 0.64646655 | 0.622870831
IL17RE Interleukin-17 receptor E 0.124142336 | 0.137443295 | 0.135237299
IL1A Interleukin-1 alpha 0.93243588 | 1.007031784 | 0.76832466
IL1R1 Interleukin-1 receptor type 1 0.134985241 0.14602865 | 0.129599871
IL1IRAP Interleukin-1 receptor accessory protein 0.38480485 | 0.448316888 | 0.374164404
IL1RL1 Interleukin-1 receptor-like 1 0.176793724 | 0.207969394 | 0.088753131
1.2 Interleukin-2 0 0.00897404 0
IL20RB Interleukin-20 receptor subunit beta 1.398029743 | 1.421222306 | 0.775377215
IL21 Interleukin-21 0| 0.013966552 0
1L.27 Interleukin-27 subunit alpha 0.033608706 | 0.079070478 | 0.040155551
IL2RA Interleukin-2 receptor subunit alpha 0.083323347 | 0.085369229 | 0.035325758
1L33 Interleukin-33 0.002624227 | 0.009260944 | 0.006270833
134 Interleukin-34 0.09939628 | 0.130414945 | 0.095920155
IL36A Interleukin-36 alpha 0.028839903 | 0.090468025 | 0.011485935
1L37 Interleukin-37 0.091572707 0.17953428 | 0.085097222
Immunity-related GTPase family M
IRGM protein 0.076676149 | 0.080175255 | 0.071254061
ISL1 Insulin gene enhancer protein ISL-1 0.364331431 | 0.390249301 | 0.336208687
ITGA2 Integrin alpha-2 2.600914425 3.32615815 | 2.24621317
cDNA FLJ56671, highly similar to
ITGAL Integrin 0.056717287 | 0.079131565 | 0.044126433
ITGB6 Integrin beta 2.014301851 | 2.061467002 | 2.050491364
JAM3 Junctional adhesion molecule C 0.07047285 | 0.095795531 | 0.091685192
ATP-sensitive inward rectifier potassium
KCNJ10 channel 10 0.085479009 | 0.106243953 | 0.092495083
KDM6B Lysine-specific demethylase 6B 1.418455933 | 1.682421068 | 1.544400845
LTA4H Leukotriene A-4 hydrolase 2.86063585 | 2.881425052 | 2.861413514
LTB4R Leukotriene B4 receptor 1 0.158687286 | 0.213658527 0.15990273
LY86 Lymphocyte antigen 86 0.04084503 | 0.088087287 | 0.073202224
Dual-specificity mitogen-activated
MAP2K3 | protein kinase kinase 3 2.367143853 | 2.641221517 | 2.127257013




MEP1B Meprin A subunit beta 0.006609842 0.02332625 | 0.015794828

MYLK3 Myosin light chain kinase 3 0.043032697 | 0.054839471 | 0.034276866
Baculoviral IAP repeat-containing protein

NAIP 1 0.140885942 | 0.209009382 | 0.139381508
Nuclear factor of-activated T-cells,

NFATC4 | cytoplasmic 4 0.174030714 | 0.251138036 | 0.205513414

NFKBID | NF-kappa-B inhibitor delta 1.182526198 | 1.227768213 | 1.071618297

NFKBIZ | NF-kappa-B inhibitor zeta 7.699149723 | 9.245672718 | 8.314104021
NLR family CARD domain-

NLRC4 containing protein 4 0.207290781 | 0.343598756 | 0.289886732
NACHT, LRR and PYD domains-

NLRP1 containing 0.195286313 | 0.203065681 0.19828841
NACHT, LRR and PYD domains-

NLRP4 containing protein 4 0.188098531 | 0.200684642 | 0.120209442
Neurogenic locus notch homolog protein

NOTCH1 |1 0.840700682 | 0.894424763 | 0.69889354

NPYS5R Neuropeptide Y receptor type 5 0.025939262 | 0.039667384 | 0.009297639
Oncostatin-M-specific receptor subunit

OSMR beta 0.123753495 | 0.141376781 | 0.085303958

PARP4 Poly [ADP-ribose] polymerase 4 19.95292474 | 22.32682406 | 19.48139934

PDPN Podoplanin 0.052965217 | 0.059596147 | 0.013757094

PLA2G2E | Group IIE secretory phospholipase A2 0.010874664 | 0.051169176 | 0.025986012

PLA2G4B | Cytosolic phospholipase A2 beta 0.11520393 | 0.187467817 | 0.087175298

PLA2G7 | Platelet-activating factor acetylhydrolase 0.00421353 0.00495654 0

PNMA1 Paraneoplastic antigen Mal 2.429143818 | 2.531812294 | 2.327378504

PRKCA Protein kinase C alpha type 0.886423585 | 1.173301814 | 0.902700523

PRKCD Protein kinase C delta type 0.638486236 | 0.822044261 | 0.624704962

PRKD1 Serine/threonine-protein kinase D1 0.018103475 | 0.027103781 0.00393272

PROK?2 Prokineticin-2 0.005295665 | 0.024917992 | 0.012654479

PTGS2 Prostaglandin G/H synthase 2 5.911955672 | 6.142571128 | 3.579216878
PX domain-containing protein kinase-like

PXK protein 0.234382117 | 0.251330108 | 0.24574837

RASGRPI1 | RAS guanyl-releasing protein 1 0.294027942 | 0.611048668 | 0.426582748

RORA Nuclear receptor ROR-alpha 0.663791661 | 0.829757433 | 0.766160365

RPS6KAS | Ribosomal protein S6 kinase 0.131161956 | 0.157550623 | 0.122132196

SCGB1A1 | Uteroglobin 0.044003151 | 0.069016844 0
Sodium channel protein type 9 subunit

SCN9A alpha 0.054362827 | 0.078483019 | 0.03050799
Signal peptide, CUB and EGF-like

SCUBE1 | domain- 0.079492136 | 0.086889562 | 0.034460643

SEMA7A | Semaphorin-7A 0.762728088 | 0.806339048 | 0.743245787

SERPINCI1 | Antithrombin-III 0.0772544 | 0.102237055 | 0.040382675
Low affinity cationic amino

SLC7A2 | acid transporter 2 0.124188525 | 0.176575731 | 0.119994234




STAB1 Stabilin-1 0.040312671 | 0.043627667 | 0.029862562

TFF2 Trefoil factor 2 0.154276107 | 0.157283566 | 0.098308529

THBS1 Thrombospondin-1 5.712202852 | 6.841202308 | 4.105196914
TIR domain-containing adapter molecule

TICAM2 |2 0.09473428 | 0.229070393 | 0.05973819

TLRI1 Toll-like receptor 1 0.069648206 | 0.104073139 | 0.074219146

TLR10 Toll-like receptor 10 0.03643799 | 0.054769947 | 0.033861309

TLR4 Toll-like receptor 4 0.11369155 | 0.152845521 | 0.130016583
Tumor necrosis factor alpha-induced

TNFAIP3 | protein 3 0.376888598 | 0.451301291 | 0.434150588
Tumor necrosis factor-inducible gene 6

TNFAIP6 | protein 0.016219021 | 0.025438761 | 0.019378423

TNFAIPSL | Tumor necrosis factor alpha-induced

2 protein 8-like protein 2 0.057973591 | 0.093770338 | 0.060608293

TYRO3 Tyrosine-protein kinase receptor TYRO3 | 0.429540858 | 0.620255184 | 0.576016191
Uveal autoantigen with coiled-coil

UACA domains and ankyrin repeats 3.852348 | 4.061933121 | 3.728077577

UCN Urocortin 0.322136273 | 0.783145845 | 0.769774329

VCAMI1 Vascular cell adhesion protein 1 0.005505715 | 0.032382943 | 0.019734621

ZYX Zyxin 1.076270057 1.13916443 | 1.054515666

Bu birincil sonuclar inflamutuar agriyla baglantili, bakteriyel LPS uyarilmasina
cevap olarak baskalasan genlerin Ondamed pulsatii EM frekanslariyla
degistirilebilecegini acik¢a ortaya koyuyor. Komisyonunun bu ¢calismayr Ondamed
cihazinin agrt yonetimindeki verimliligini dogrulayict bir c¢alisma olarak
gormesini umuyoruz.

Tablo 2- Ondamed’in Pulsatil Elektro-Manyetik Frekanslar1 doku kiiltiiriiniin LPS ile
uyarilmis TOKSISITE baglantih degismis gen ifadelerini tersine ceviriyor.

Aflatoxin B1 aldehyde reductase member
AKR7L | 4 0.200462331 0.297485535 | 0.224772435
ANTXRI1 | Anthrax toxin receptor 1 0.082393682 0.100603538 | 0.052337131
ANTXR2 | Anthrax toxin receptor 2 1.191698468 1.343813361 | 1.036081598
C3ARI1 C3a anaphylatoxin chemotactic receptor 0.063676354 0.074904994 | 0.047550163
C5AR2 | C5a anaphylatoxin chemotactic receptor 2 0.205822441 0.218495841 | 0.112461517
NCRI1 Natural cytotoxicity triggering receptor 1 0.10822962 0.127314748 | 0.043104109
NCR2 Natural cytotoxicity triggering receptor 2 0.021008887 0.032951438 0
NCR3LG | Natural cytotoxicity triggering receptor 3 1.860339481 3.303642698 | 3.008522712




Bu birincil sonuglar Ondamed cihazinin agr1 yonetimindeki verimliligini ve
giivenligini - toksik maddelerle uyarilms, toksisiteyi gosteren genlerin temel
seviyelere geri dondiiriilmesi ve bakteriyal toksinlerin yol agabilecegi potansiyel
doku hasarlarinda {istelenebilecegi terapdtik rolden dolayi- destekleyicidir.

Bunun yani sira, bu pilot insan genomu regulasyonu ¢alismasindaki sonuglar
kullanilarak, Ondamed insan genomundaki her bir gene uyguladig: elektro-
manyetik etkinin eylem mekanizmalari gosterilebilir. Boylece, Ondamed'in EM
terapisi i¢in agrinin temel mekanizmalarina yoneltilmis hassas tedavi protokolleri
de gelistirilebilir.

Yukarida anlatilan saglam gen ifadesi analiz verileri aktif proinflamatuvar genlerin,
bir in-vitro hiicre sisteminde, herhangi bir olumsuz etki yaratmadan, toksik
karsilasma ile baskalasmig gen ifadelerini tersine dondiigiinli gostermektedir.
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