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Bevan...

*Bu sunumda anlatacadgim hicbir urun
ve vontem 1le 11gili cikar catismam
yoktur..

*Sunacagim tum urun ve yontemleril
bizzat deneyimledim..



Ssunum plani..

* Kronik yara neden onemli?
e Tleri diuzey yara bakimi ?
* Hicresel tedaviler?

* Sinyal molekuller?

* Doku 1skeletleri?

* Hasta deneyimleri..



Kronik yara neden onemli?

* Kronik yaralar dinya genelinde %1-2 prevalans

* Diyabetik ayak uUlserleri:
* amputasyonlarin %85’1i ulser sonrasi
* mortalite bazi kanserlerle benzer..

Klinik tablo 5-yillik mortalite
Diabetik ayak Ulseri %~30-35

DFU sonrasi major amputasyon %50-70

Diyaliz + DFU >%70-75 (2-yillik)
Vendzbacak ulseri %~20-25

Basi yarasi/llser (yaslilarda) >% 40
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Armstrong DG, Swerdlow MA, Armstrong AA, Conte MS, Padula WV, Bus SA. Five year mortality and direct costs of care for people with
diabetic foot complications are comparable to cancer. J Foot Ankle Res. 2020 Mar 24;13(1):16. doi: 10.1186/s13047-020-00383-2.
PMID: 32209136; PMCID: PMC7092527.



Parametre

Diyabetik Ayak Ulseri (DFU)

Kanser

Toplam saglik harcamasi
(ABD)

~237 milyar $, bunun ~%30’'u alt
(1)..72

Diyabet:
ekstremite komplikasyonlari

milyar $

~80 milyar $ (2015 verisi) (1)

DFU’ nun ulusal saglik
bitgcesine etkisi

Ingiltere’de NHS biitcesinin %0.8-0.97u (2)

Kanserle karsilastirilabilir veya bazi
Uilkelerde daha diusik

Y1llik DFU toplam maliyet
(ABD)

9-13 milyar $ (1)

Kanser toplam maliyeti daha yiksek ama DFU
spesifik olarak bazi kanserlerle benzer

Kisi basi maliyet

~11.000-23.000 $ / hasta (3)

Kanser tirine godre cok dedisken
yliksek ama heterojen)

(genelde

Amputasyon durumunda
maliyet

~49.000 S$/hasta (4)

Cerrahi + onkolojik tedavi maliyetleri ylksek

Saglik sistemi yiki

Diyabet maliyetinin %30’una kadaraini
olusturur (1)

Buyik global yik, ancak DFU kadar
“Oonlenebilir” degil

Dolayli maliyet (is guci
kaybi)

Cok yuksek (uzun bakim, sakatlik,

amputasyon) (1,3,)

Yiksek (is giici kaybi, erken mortalite)

5 yillik mortalite

~%30-56 (amputasyonda daha yiiksek)
KBY’de >%70

(1,4)

Ortalama ~31%

(1)

(kanser tlrine gore dedisir)

Ekonomik karsilastirma
sonucu

DFU maliyet ve mortalite ag¢isindan
kanserle karsilastirilabilir

Referans hastalik

. Armstrong DG,

owerdlow MA, Armstrong AA, Conte Mo, Fadula WV, Bus oSA. Flve year mortallty and dlireCt COSTs OI Care IOr people wlth dlapetlC ILOOT

complications are comparable to cancer. J Foot Ankle Res. 2020 Mar 24;13(1):16. doi: 10.1186/s13047-020-00383-2. PMID: 32209136; PMCID: PMC7092527.
2.Kerr M, Barron E, Chadwick P, Evans T, Kong WM, Rayman G, Sutton-Smith M, Todd G, Young B, Jeffcoate WJ. The cost of diabetic foot ulcers and
amputations to the National Health Service in England. Diabet Med. 2019 Aug;36(8):995-1002. doi: 10.1111/dme.13973. Epub 2019 Jun 5. PMID: 31004370.
3. Kuscu, B.; Gurbiz, K. A Cost Analysis of Diabetic Hand Infections: A Study Based on Direct, Indirect, and One-Year Follow-Up Costs. Healthcare 2025, 13, 1826.

https:/doi.org/10.3390/healthcare13151826
4. Syed MH, Salata K, Hussain MA, et al. The economic burden of inpatient diabetic foot ulcers in Toronto, Canada. Vascular. 2020;28(5):520-529. doi:10.1177/1708538120923420


https://doi.org/10.3390/healthcare13151826
https://doi.org/10.1177/1708538120923420

B1r yara neden

lyllesmez?
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Kronik Yarada Oksijen Seviyesi Dusuktur

¢ H|p0k5|k Ortam Reepithelialization and Neovascularization (Day 5)
* Biyofilm _ W brncol e
* Fibrinoz ekslida | Yara
* Bozulmus grantlasyon | yiizeyindeki
. . e L g 2 A G, T
* Doku yikim enzimleri AR S : PO,
: : S~ 5o oS | 60 mmHg
(sitokromoksidaz, Gy Florblen-SS
matriks
metalloproteinaz,
kO”aJenaZ, Dermis - Yal‘a
hyaliilonidaz) e merkezindeki
. pO, <10
Yarim-yamalak olusan mmHg
kollajen lerin yikimi... X R

Source: Singer & Clark, N EnglJ Med, 1999

Vaskuler yatak normal bile olsa, vaskiler yan yollar ve calma ile doku hipoksisi
kacinilmaz



Inflammatory Phase (Day 3)

Fibrin clot

Yiacrophage

Neatrophil

PDGF 8B

Growth Factor Cell Source Primary Action in Wound Healing
PDGF family
Platelets e  Chemotactically attracts fibroblasts, neutrophils, monocytes,
Fibroblasts and smooth muscle cells to the wound
PDCF Macrophages e Activates macrophages to release growth factors
Vascular endothelial cells e Promotes fibroblast proliferation and production of
Vascular smooth muscle cells extracellular matrix
Platelets . y
VEGE Fibroblasts »  Stimulates (lymph)angiogenesis )
Macrophages e  Enhances endothelial cell migration and proliferation
Keratinocytes
EGF family
Platelets e Stimulates the proliferation of keratinocytes, fibroblasts,
EGF Fibroblasts vascular endothelial cells
Macrophages e Enhances the production of fibronectin
Platelets e  Similar to EGF
TGF-a MK::“WW e Induces angiogenesis
IGF family
Fibroblasts A ;
Macrophages e  Promotes re-epithelialization
IGF Neutrophils e Stimulates fibroblast proliferation
Hepatocytes
FGF family
e Acts as a mitogen for fibroblasts
Fibroblasts e Induces angiogenesis
bFGF g:lmPh;‘Se:eu . e Stimulates gra‘nulalion tissue formation, matrix remodeling,
othelial and re-epithelialization
KGF Fibroblasts e Acts as a mitogen for epithelial cells
TGF-B family
Platelets e Acts as a potent chemoattractant for macrophages
Fibroblasts e Acts as a mitogen for fibroblasts
TGF-p1-3 Macrophages o Stimulates or inhibits proliferation of various cells
Keratinocytes e Promotes granulation tissue formation and its

tensile strength
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Fibrin clot
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Konvansiyonel uUlser tedavisi?

* Medikal..AB, antiagregan, KS regulasyonu..
* Cerrahi..debridman, flap, graft..amputasyon..

* Makrovaskuler onarim.. girisimsel kapali, acik
cerrahi..

* Mikrovaskuler onarim?

* Noropati..agri varsa.medikal, cerrahi

* NOoroprotektif ? Noropreservatif yoOntemler?
* YUkten kurtarma..

* Egitim..hasta, yakini..

* Pansumanlar ve diger yontemler ..



YARA IYILESMESIi: NORMAL vs KRONiK

® e

Kronik Yara: inflamatuar Fazda Takilma ve Sitokin Dengesizligi

NORMAL YARA iYILESMESI FAZLARI _
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LY - Kaynaklar: Schultz GS et al. Nat Rev Dis Primers. 2021;7:31.
-@- ANA MESAJ Kronik yaralar, yalnizca yavas iyilesen yaralar degildir; kalici bir inflamatuar durumda “takibi kalan” kompleks biyolojik lezyonlardir. Gurtner GC et al. Nature. 2008:453:314-321.
Sen CK. Diabetologia. 2019;62;1910-1922.




Ileri diizey yara
bakim/tedavisi®?

1. Hucreler
-Kok hucre
-Fibroblast...
-Exosomlar (tam olarak hiicre degil aslinda)...gobek kordonu wharton jeli...
-3D yazicilar ile hiicre-doku...
2. Sinyal Molekiulleri
-Buyume faktorleri...
-PRP, PRF...
3. iskelet Yapilar (Scaffolds)
-Amniyotik membran,
-Ekstraselliler matriks (dermal / epidermal) analoglari...
4. Bunlarin kombinasyonlari...




Onemli uyari...kulaga kipe olacaklar...

 Bu hastalarin metabolik kontrolii ||k basamaktir...

* HbAlc<6.1

e LDL Kolesterol optimum <130

* Kan gitmeyen doku iyilesemez...

* Enfeksiyon kontrol altina alinmayan doku iyilesmez...

* Yukten kurtarma olmadan bu tedaviler basarili olmaz...plantar yuz...

*TIME yara bakiminda ||k tedavi asamasidir...



Hlcreler...



Yag doku

PIasenta/umblllkaI kord

Periferik Kan

/Hematopoetik kok hiicre

KL

Kemik iligi

™~
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Mezenkimal kok hiicre

%«

Fibroblast prollferasyonu

!

Hiperproliferatif epidermis

Endotelyal progenitor hUcreIer\.

No6trofil proliferasyonu ve gogl l

Fibroblast gocu artisi, biiyiime faktorlerine yanit artisi

Anjiyogenesis

Hiperkeratozis

Makrofaj ve S|tok|n detimi

Anjiogenez artisi

Notrofil gogii artisi, enfeksiyon/enflamasyon gocii dengelemesi




ADSC: adipose tissue derived mesenchymal stem
cells

BM-MSC: Bone marrow-derived mesenchymal stem
cells

PB- MSC: peripheral blood derived mesenchymal
stem cells

hUC-MSC: human umbilical cord mesenchymal
stem cells

Table 2 Stem cell types advantages, disadvantages and use in dlinical and preclinical studies

Stem cell type

Advantages

Disadvantages

Clinical studies

Preclinical studies

Adult stem cells BM-MSC

En yaygin

PB-MSC

En kolay

hUC-MSC

ADSC

En popliler

Embryonic stem cells

Induced pluripotent stem cells

« Donor-specific therapy

« Lower malignancy risk

« Cell-ineage committed
(targeting differentiation)

» No ethical conflict

« Donor-specific therapy

« Lower malignancy risk

- Cell-ineage committed
(targeting differentiation)

« No ethical conflict

« Relatively disposable tissue

« Vein Jpuncture has low smgical
!51(. EEEEEEEEEEEEEESR mEEl

« Simple cell harvesting protocol

- Future donor-specific therapy

« Lower malignancy risk

» Cell-lineage committed
(targeting differentiation)

« Disposable tissue

« UC tissue harvesting has low
surgical risk

« Donor UCB banking storage

- Donor-specific therapy

« Lower malignancy risk

- Cell-lineage committed
(targeting differentiation)

- No ethical conflict

« Disposable tissue

» Liposuction has low surgical risk

« High differentiation potential
(pluripotent)

» High differentiation potential
(pluripotent)

+ Somatic-cell memory (targeting
differentiation)

« Donor-specific therapy

« No ethical conflict

« Disposable tissue

« Low cell harvesting
procedure risk

« Cell lineage committed (limited
differentiation potential)

+ Biopsy high surgical risk

«» Nondisposable tissue

« Low stem cell concentration

« Cell concentration and
performance influenced by
comorbidities

» Cell lineage committed (limited
differentiation potential)

- Cell concentration and
performance influenced by
comorbidities

« G-CSF administration needed

- Cell lineage committed
(limited differentiation
potential)

« Immunoincompatibility

« Ethical conflict

» Low stem _cell cgpcgqt_qti_qn

~Need for UC8 Ibanﬁing

« Cell lineage committed (limited
differentiation potential)

- Cell concentration and
performance influenced by
comorbidities

+ Increased malignancy risk
« Ethical conflicts

» Increased malignancy risk

« Compiex induction protocol

+ Somatic-cell memory (biased
differentiation)

19 (528%)
1 (30.5%)
4 (11.1%)
3 (83%)
0 (0.0%)
0 (0.0%)

27

12

1

(50.0%)

(3.7%)

(22.2%)

(204%)

(1.9%)

(0.0%)

ADSC adipose tissue-derived mesenchymal stem cells, BM-MSC bone marrow-derived mesenchymal stem cells, G-CSF granulocyte-colony stimulating factor,
hUC-MSC human umbilical cord mesenchymal stem cells, PB-MSC peripheral blood-derived mesenchymal stem cells, UC umbilical cord, UCB umbilical cord blood



Hlcresel tedaviler fihristi...

Lokal veya sistemik enjeksiyon (IM/1V)
* Kok hucre...

A. Otolog
1.BMMSc: Ki kdkenli mesenkimal kok h.

2.BM-NCs:Ki mononiikleer h.

3.PBSCs: Periferik kan kokenli kok h. +
4. PBMNCs: Periferik kan mono nukleer h.

5. ASCs: yag doku kokenli kok h.

6. BMTRCs: Ki ile zenginlestirilmis doku onarim h.

Klinik tercihe bagl
Biyime faktorleri ...GMCSF, EGF, PDGF

7. SVF: otolog stromal vaskduler faktor

B. Allojenik
1. HUCMSCs: Insan gébek bagi mezenkimal kék h.
2. PDMSCs: Plasenta kdokenli mezenksmal kok h.
3. ESCs: Embriyonik kok h.

El Hage R, Knippschild-U, Arnold T, Hinterseher |..Stem Cell-Based Therapy: A Promising Treatment for Diabetic Foot Ulcer. Biomedicines. 2022 Jun 25;10(7):1507. doi:



Otolog vs Allojenik

(Mezenkimal vs Embriyonik)
Etik kurallar yeni olusuyor,

 Terapotik kullanim ile ilgili etik kurallar siki degil, S o
* Kendi dokusu oldugu icin immun reaksiyon riski * Immun rejeksiyon riski var,

yok,

Temini daha zor,

* Temini daha kolay, Viral patojen gegisi?

Kanser gelisimi?

Epidermis *Jj) R . .
proey == P 1.M2 makrofaj yaniti artisi...polarizasyon
V = e v 0 (8 2 s 2.Sekrotom salinimi artis|
SDF-1, =w=polarization 2 2 OF IL-1b, IL-4,
= | A APy |':" 3.EGFVEGF artis|
S ROS

VEGF, : i / ) e, - —
— © Q9
QY secretome 4 in proinflammatory
angiogenesis = - R I I l
giog . 5 ~— <SS9 cytokines and reactive 4 . OS aza I a
oxygen species

T : . Diffdrentiation
) —irat - - 3 5.Fibroblast ve keratinosit artisi
Dermis = / / \'\ —= LTh17/Th1 1Treg

Blood vessl \‘3 %) Hetta HF, Elsaghir A, Sijercic VC, Akhtar MS, Gad SA, Moses A, Zeleke MS, Alanazi FE, Ahmed AK, Ramadan YN.
Neutrophil Mesenchymal stem cell therapy in diabetic foot ulcer: An updated comprehensive review. Health Sci Rep. 2024 Apr
= i = 21;7(4):2036. doi: 10.1002/hsr2.2036. PMID: 38650719; PMCID: PMC11033295

Eosinophil Basophil









Eksozom...



Kordon Matriksinden

MKH

Bu grup hucrelerin en onemli 6zelligi embriyonik kok hlcrelere benzer telomer enzim

aktivitesi tagimalarndir.

v' Adipojenik, osteojenik, kondrojenik ve néronal hiicrelere farklilasabilir.

A 200

B Phase 1
B Phase 2
OFhase 3

350

g

MNumber of Trials
Pod
8

B UC  Adipose Placenta Other
Source



Neden Gobek Kordonu Warton Jeli Mezenkimal Kok Hucre

Yuksek hiicresel icerik

Kolay cogaltilabilme

Iinvaziv olmayan toplama prosediirleri
Disuk Patojenik Enfeksiyon Riski
Daha Yuksek proliferasyon faktoru
Daha dusuk immiinojenite

Dusuik Maliyet

Dis etmenlerden en az etkilenen ve genetik yapisi en stabil oldugu distinilen mezenkimal kok hiicrelerdir.



m
*
e

Cell Death and Disease (2022) 13:580 ; https://doi.org/10.1038/s41419-022-05034-x

Eksozomlar; tum hucrelerden salinan lipid yapida zara sahip,
genetik bilgiler, buyUme faktorleri ve proteinleri tasiyan,

40-150 nanometre capinda cok kucuk keseciklerdir, HUcreler
arasl iletisimi saglar, yakin ve uzak hucreler arasinda hucre ici

bilgilerin dnemli duzenleyicileri olan molekdulleri tasirlar,



Receptor-mediated
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Yeni trend...
Sekretom tedavileri

EXOSOM

~—

Exosome -

SMSCs-126-Exos Porous polymer

. nanosheets loaded
g @ 5,% with adipose tissue-
7 3 Diethylenetriamine, NO donor

o o0 derived stem cells!"®!
EGF ile baslayan surec... jomims ST [
scaffolds Gas therapy: MMP response || miR-126-3p Proposed DFU treatment
Role of silver | [promote endothelial || Nanofier-loaded| o release: delivery | | overexpressing synovial | | microenvironment- based on
nanoparticles | [cell and fibroblast || etracycline e ||El€ESING of MMP-2 mesenchymal dependent skin wound | | nanocatalytic
in DFUs!"™ igration!'® hydrochloride! nanoparticles"™! | [ SiRNAU stemn cells!™ healing therapy!'* medicine!'®!

|
2008 2009 2010 2012

2013 2015 2016 2017 2018 2020 2021

Growth factor || Gene therapy: Nanocomposite Spherical nucleic acids | |Photodynamic || photothermal Dissolvable Photodriven
therapy: chitosan nanoparticles | | bandages: blood clotting, | |[nanotechnology: silencing for biofilm}| therapy for targeted| [microneedles nanoreactor
nanofiber-loaded| | deliver plasmids to antibacterial**® of key mediators ion!"™! hyperthermia of with for hydrogen
rh EGFI'™ promote growth factor | of insulin resistance! bacterial nofiber dressings || therapy!'™
» th EGF | @xpression!'* Cod enopericion infections!"®=! adicate biofilms'*!
deliver antioxidants!®! Near-infrared
g
. Epigaliocatechin N
* gatiate Heat generation
» a-lipoic acd

Figure 1. Timeline of progress in “diabetic foot ulcer (DFU) nanomedicine” .8l

Nanofiber mikroigneler ile biofilm eradikasyonu

Huang F, Lu X, Yang Y, Yang Y, Li Y, Kuai L, Li B, Dong H, Shi J. Microenvironment-Based Diabetic Foot Ulcer Nanomedicine. Adv Sci (Weinh). 2023



Exosom Deneyimler
-Hangi eksozom(icerik?guvenilirlik?etkinlik?)
-Doz?
-Siklik?
-Toplam sure?



Sdrekli akiyor...

61y, E, DM, 96 kg, VKI=31
* Periferik venoz yetmezlik (doppler)
* Sol ayak lat malleolde 4x4 cm llser,

* Daha onceki tedaviler...kremler,
kompresyon bandajlari, kdpuk ortdler....

* Almanya...dénerci...
* Enfekte gorinimde degil...
* Agri —hassasiyet belirgin degil...

Filtreler




Exosom =5 milyar htcre
Amniyotik fresh membran
Bactigras- spunch

Baskisiz kapatma

Gozlem

e Hafif cekilmeler var

e Membranin bir kismi hala
yerinde

 Merkezde epitel adaciklari

e Periferde epitel ylirimesi

Ebati kismen klculmus

' A% 3!
' B N, )
f 3
" :
.2 R o
' l v&‘.— ‘ .
. 4 ..
SS " e
- T . BT s S
N, RIS S
: - fol 3
& Y 4 _*r'i\ "
-~ - e 3 v
EleY T
‘ TN ’ - o
S v o
) k i
.‘. . & ¥

L
"

>~

+

N

¥y
é




10.gun

Gozlem

* Yara ustu kismi granilasyon baslamis
* Derinligi azalmis

* Yara etrafindaki cekilmeler kaybolmus

Dipnot...
Hasta ilk pansuman sonrasi Almanya’ya gitti...
Resimleri kendi ¢cekip atiyor




17.gun

Gozlem

* Yara kapanmaya devam ediyor

* Epitelizasyon hizlanmis

* Yara yeniden cekilmeler-yildiz seklini almis




21.gun

Gozlem

* Yara kapanmaya devam ediyor
* Epitelizasyon hizlanmis
 Tabani dolmaya devam ediyor
* Yildiz sekli devam...







GOzlem
Tam kapanma oldu — olacak
Yara tabani dolmaya devam ediyor

I e s



34.gun







KAPANMAYAN YARASIN

: : EKIN TEKELIOGLU
Kapanmayan ameliyat yeri... feat. ERCUMENT VURAL

> 3:26 . S

e 70y, E, CABG, DM, Graft yerinde akintili yara...

* Sag bacak graft yerinde... en genis yeri 4 cm... uzunlugu 17 cm...
e VKI=28

* HbA1C=9.5

* 6 aydir devam ediyor...

* Her sey denenmis?...

e Hasta Sanl Urfa’li...”"Kapanmayan yarasin’






10 milyar exosom...

Amniyotik membran...

Bactrigras...
Spunch...
Orta basincta sargi...
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24.gun

GOozlem

* Yara kenarlarinda hafif kabarma
 Akintida artis

e Refleks...PO antibiyotik




31.gun

Gozlem
 Akinti daha az...
e Kapanma durdu?




34.gUn

Gozlem
 Akinti daha az...ama var
 Hareket yeniden basladi
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59.gun

Gozlem...
* lyigidiyor
* J|saretlialan haric...




Amniyotik membran

Amniotik membran
etkisi?
eanti-inflamatuvar
eanti-fibrotik
*anjiogenesis

*doku iskeleti etkisi



4

Tek seans Amniyotik membran +5 milyar Exosom
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Platelet-Rich Plasma (PRP)

* Mekanizma... Trombositler bliyume faktorlerini cevresinde toplar...
-PDGF
-TGF-
-VEGF
-EGF
* Etki...
-fibroblast proliferasyonu uyarilmasi
-angiogenesis artisi
-granulasyon dokusu olusumu artisi
 Klinik kullanim alani...tim yara tipleri...enfekte olmamak kaydi ile...



1 Blood Collection = &

e Draw blood from
a peripheral vein

® Anticoagulant °

(eg, citrate) ¢
intube

e Usually 15-30 _
mL collected |4

- TR T

©)

-
s

3 -x
¥ il
Z

at 3,500 RPM

i
5 e Blood ls_cen_tnfuged
@ Spin for 5-10 minutes

|
. e Blood separates
GL into three layers

g 3
5

\ Key Clinical Beneﬁts

! -

_hthree layers

'e.,.,,_.z__..

2 Centrlfugatlo'n‘

at 3,500 RPM
Spin for
5-10 minutes

Blood
separates into

e PRP is rich in growth factors that promote tissue repalr and regeneratlon | o

i,

e Extract PRP layer into a syringe

® Platelet-Poor Plasma (PPP)
»= Upper layer
e LOW platelet count

PLATELET-RICH
PLASMA (PRP) /

e Middle layer Y/ /

HIGH platelet 4 24,

count (4-5b glamhey/ 8%

K\PLATEIET—RICH PLASMA
Y (PRP)
e HIGH platelet count
(3-5x basellne) |

e Red Blood Cells (RBCs)
e Lower layer

—— - ~—
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Platelet-Rich Flbrln (P,,Ra;.x ¥~ Platelet-Rich Fibrin &

"'gP_latelet—rich fibrin (PRF) is an advanced autologous biomaterial =~ ¢ €oncentrated fibrin matrix”
' with embedded platelets -

: “with applications in regenerative medicine and dentistry. | ,/ "”’ Qx\i;

+ growth factors f
1 Blood Collection

® Slow release of ﬁ
growth factors N

| ® Blood loceall from e No anticoagulant,
| pegiccagant-free* no additives
8 tubes o
2 ® Clinical uses*:
o

e Centrifuged
immediately*
after draw.

e perioolontal surgery,
o dental implants,

e wound healing,

» orthopeoie procedures.

e Usually 15-30cs. |

- collected s
F\ Advantages of PRF }
e No chemical additives ® PRF *secretes growth factors PRP is rich in growth factors
® Simple and cost-effective, 'l e Stimulates *angiogenesis.
e Higher concentration of f ® Promotes tissue regeneration. 7 i o S e
Ga e T

©°  Key growth factors.

w‘-ﬁ-— il 2



PRP-PRF handikaplar...kisisel gozlem

-Uygulama hatalarina acik

-Kontaminasyona acik

-PRP kiti icerigi otolog UrtGnun safligini cok etkiliyor
-Bu hastalarin zaten buylUme faktorleri Gretim
sorunlari var...




Biomuhendislik GrinU deri benzerleri

Uriin Yapisi Endikasyonlari
Apligraf iki tabakali (keratinocytes + fibroblasts) Diyabetik ayak ulseri, venoz Ulser
Dermagraft Dermal fibroblast iskelet Diyabetik ayak Ulseri

Epidermal tabaka
*Keratinosit icerir
*Re-epitelizasyonu uyarir

Calisma mekanizmalan?

1| Hucresel sinyal iletimi
Bliyume faktorleri fibroblast ve keratinosit aktivitesini arttirir

2 | Extracellular matrix destegi
Hucre gocu icin iskelet Provides scaffold for cell migration.

3 | Angiogenezis uyarimi

Dermal tabaka

*Fibroblast icerir

*Kollajen matriks

*Anjiogenezi ve doku remodelingi destekler

Yeniden damar olusumu Promotes formation of new blood vessels.

4 [ Enflamasyon azalmasi

Yarada micro cevreyi destekler
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Types of Skin Substittitesi

P
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Bioengineered Skin Su _Hstltute-

SELER I oy e

i Es Categories based on composition and cellular content
ACELLULAR SYNTHETIC
i - : 3 - : £
> o . b
{ i
g 5
5 |
. ® Living cells . e No living cells ® No human/animal
11 ; 1 > materials "
. ® Keratinocytes q ® Collagen-rich i = i E
 ® Fibroblasts + : scaffold | 2 ESSRINPAtDUS i
t dermal matrix . ® Derived from . @ Polymers, hydrogels b
Y ® Examples; Apligraf, 1 decellularized dermis | @ Advanced scaffolds X
i Dermagraft . ® Examples; Integra, Oasis 1 ® Examples; Biobrane j
|2 SR S b e e e = S .
. =’ Supports - < Provudes structural w/ Acts as temporary skm ﬂ
A re-epithelalization support substitute i
.« Enhances .« Promotes vascular -« Maintains moist
i angiogenesis ! ingrowth : ] - environment
| w Provides |~ Provides grovvth factors i w” Reduces bacterial load ‘
growth factors L \ SR | . SoTIoA
s \ S ey -— —— e . o AT TARGA > N ST - ——. — 22y &
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Buyume faktoru-
replasmani...



Insan Kaynakli Rekombinant
Epidermal BaylUme Faktora

Epidermal bayime faktora (epidermal growth factor) ilk kez 1922 dogumlu,
1986 yilinda Nobel fizyoloji veya tip édilini almis olan Stanley Cohen
tarafindan bulunmustur.

EGF evrim sirasinda korunmus eski bir polipeptid olup birgcok hayvan tlirinde
bulunur ve turler arasinda benzerligi ylksek bir yapiya sahiptir. 53 amino
asitten olusan bir polipeptittir.

Vucutta hasar durumunda trombositlerden bol miktarda uretilir (diyabetik ayak tlserinde PRP
uygulamasini hatirlayimiz). Acil durumda hiicre gogalmasini saglamak icin viicut sivilaninda hazir
halde de bulunur.

Kaynak- Heberprot-P tanitim 6zetinden alinmistir



Turkiye’deki tek topikal rhEGF 150

* Topikal jel
* Yluzeysel uygulama
e Gunde iki kez

REGEN-D 150 A * Toz

Sdst- 8 suo For Quick Wound Healing i i
fiokar & e Jel bFGF-basic fibroblast growth

. factor
Table 6. Application parameters of topical growth factors for skin wounds K re m

T — p— — — — * aFGF- acidic fibroblast growth

bFGF Powder Adjusmable preparing solution 150 IWem? or 1 pgiem® Uknce or rwice per day 4=58,9.13,14,16,24 27

Gel 2100 TUg 150 MWlem?E e per day 609 fa Cto r
aFGF Powder Adpsmable preparnng solution, e.g. 100 Mlem? Ohnce per day 423 A5
1000 TWmL
EGF Powder or solution Adjustable preparing solution, e.g. 400 Mlicm?® or 20 rngl'n:m! Cnce per day 21, 100=103 [ ] G IVI - C S F
2000 Wml or 2.5 o 5.0 pgiml. or
10.0 ppig R
Gel or cream 10 g o 2019 40 gl 1 gfem? o 50000 Wiem?  Onee every 14 days E0,67,104-107 ° PDG F_ I t I d d d th
or B0 mg/cm?® p a e e erlve grOW
GM-CSF Powder Adjustable preparing solution 5 pgfen® Onee per day 108
Gel 10 pelg 1 pgfom® or 10 pglom? Ohnce per day E0=83,589 fa CtO r
FDGF Fowder Adjustable preparing solution, e.g. 10 pglem? Omnce per day 93
100 pgiml.
Gel 10 pp's 10 pgom? Omce per day F-52,94-95

EFGF basic fibroblast growth factor, aFGF acidic fibroblast growth factor, EGF epadermal growth facton, GM-CSF granulocyte macrophage colony stimulating
growth factor, PDGF plarelet-derived growth factor

Chun-mao Han et all. Clinical guideline on topical growth factors for skin wounds.  Burns & Trauma, 2020, 8, tkaa035



Table 3. Quality of evidence and Grading of Recommendations Assessment Development and Evaluation (GRADE) recommendations for
topical application of epidermal growth factor in different types of wounds

Wound type Quality of evidence GRADE recommendation References
Superficial partial-thickness burns Moderate Weak 47-59
Deep partial-thickness burns Moderate Weak 47-62
Donor sites Moderate Weak 47-51
Redisual granulation wounds after burns Moderate Weak 48,50,51,53
Diabetic foot ulcers High Strong 47,63-70
e T L I LR L L LRI L LRI LR T o bl iged
CO3 laser treated wounds Moderate Weak 74-76
Grafted wounds Low Weak 48
Chronic ulcers after burns Low Weak 48,53
Radiative dermatitis wounds Low Weak 77

Leg ulcers Low Weak 78

Aslinda sadece diyabetik ayak Ulserlerinde kanit duzeyi yuksek bulunmus
ve kuvvetle kullanimi énerilmis

Chun-mao Han et all. Clinical guideline on topical growth factors for skin wounds. Burns & Trauma, 2020, 8, tkaa035



Meta-Analysis > Ann Vasc Surg. 2020 Jan;62:442-451. doi: 10.1016/j.avsg.2019.05.041.
Epub 2019 Aug 5.

TO p | ka | VS | nt 'a | e Zyo NnNer ? Topical Recombinant Human Epidermal Growth

Factor for Diabetic Foot Ulcers: A Meta-Analysis of
Randomized Controlled Clinical Trials

Qi Yang ', Yonghong Zhang 2, Haiyang Yin !, Yanjun Lu ?

 Derleme, RCT

e 7 adet...610 katilimci...

e Kiyaslama calismasi yok,

e Enfeksiyon kontrol altinda,

 QOsteomyelit olmamali...???7?
* Topikal Wagner G1,2 (RR, 1.61; 95% Cl, 1.32 to 1.97; 12 = 0%)
* Intralezyonel daha derin iilserde etkili (RR, 2.06, 95%, C1 0.35 to 12.22; 12 = 50%).

Topikal = G1,2
Intralezyoner >2




Nasil Calisir?

Transcription
factors

Inhibition of
AGE, NFKB

and PKC pathways

Cell Extracellular
proliferation matrix

Proinflammatory

+ Angiogenesis cytokines

Ischemia Formation of
Inflammation granulation
Oxidative stress tissue
Healing

Hanlet Camacho-Rodriguez et al. Heberprot-P’s Effect on Gene Expression in Healing Diabetic Foot Ulcers



Sonugta... o | oo raachoepankn "

1 AGER -1.20 0.190

2  ANGPT1 1.45 0.001

3 CDK4 1.48 0.009

4 CDKN1B 1.04 0.568

5 COL1A1 1.67 0.005

6 CTGF -1.28 0.302

7 FOS 1.10 0.740

ANGPT1 8 HIF1A -1.25 0.088
(Angiopoietin 1) 9 IGFBP3 1.28 0.220
10 IL17A -2.17 0.079

11 IL-1A -13.70 0.000

12 IL-6 -1.78 0.207

13 MMP2 2.21 0.000

14  MMP7 1.07 0.886

15  MMP9 1.69 0.090

16 NFKB1 -1.37 0.002

17 P21 1.54 0.009

IL-1A 18 PDGFB 1.68 0.002
19 PHB -1.20 0.073

TNF alfa PLCG1 -1.08 0.325
21 TGFB1 -1.08 0.540

TIMP1 1.08 0.652

—_ 23 TIMP2 1.43 0.007

24  TNFA -1.96 0.001

25 TP53 1.99 0.000

26 VEGFA 1.38 0.227

Hanlet Camacho-Rodriguez et al. Heberprot-P’s Effect on Gene Expression in Healing Diabetic Foot Ulcers

COL1A1
(collagen type | alpha 1 chain)

1)
-

(matrix metalloproteinase 2

TIMP2

(Tissue inhibitor of
metalloproteinases 2

/ PDGFB
(Platelet Derived Growth

Factor Subunit B)



Uygulama sonrasi molekiler duzeyde ne oluyor?

* ilk 15 dk’da: EGFR’U membran ekspresyonu artiyor,
* rhEGF endositoz ile hlicre icine giriyor,

e 15 dk-24 saat: stoplazmik translokasyon ve endoplazmik organellerin
dagilimi,

* 45dk-24 saat: nukleer translokasyon ve DNA’ya baglanma,
* 24.saatten sonra:

-Hucre proliferasyonu,

-EGFR mitokondriyal birikmesi,

-rhEGF kollajene baglanmasi ve ekstaselltiler matriks sentezi

V.FalconCama,M.Fernandez Mayola,Y.Mendoza-Mar ietal., “Epidermal growth factor based therapy promotes intracellular trafficking and accumulation of its receptor in the
nucleus of fibroblasts from diabetic foot ulcers,” Journal of Diabetic Complications & Medicine, vol. 01, no. 03, 2016.



45 dk sonrasi-

Sifir noktasi- rhEGF ilk dakikasi e ER’da sisme,
* Fibroblast benzeri hiicre membrani stabil * EGFR expresyonu (Vesikul)
* ER’da degisim yok... * Fibroblast benzeri hiicre membraninda genisleme

* Kollajen matrix ve kollajen fiberde toplanma

-

i g ipt s P

Figure 1A: Time Zero (T0) harvesting corresponds to the sample obtained
minutes prior to the initial EGF infiltration. The image shows a negligible

immunostaining on the plasma membrane of a Fibroblast-like cell (arrow). Figure 1B: Immunolabeling of EGFR (arrows) in part of a Fibroblast-like
Rough endoplasmic reticulum (RER); Nucleus (N); Golgi oomple)(( (GC;; cell (FLC) from a biopsy sample obtained 45 minutes after EGF infiltration.
fibroblast-like cell (FLC) (Bar=2 um). Immunostaining appeared in mitochondria, RER and nucleus. Also note that

EGFR was immunolabeled in vesicles (V) (arrowhead), on plasma membrane
(arrowhead), the extracellular matrix (ECM), on collagen-like fibers (CF) and
exosome-like structures (ELS) (Bar=2 um).




6 saat sonra-

* EGRF (oklarile isaretli) yayginlasma ve
hiicre ylzeyine yayllma

e Kollajen fibrillerde caprazlasma ve
yayginlasma

*  MVB- multivesicular body; stoplazma
icinde artar (sayica + ebat)

24 saat sonra-

* Niukleus entegrasyonu

* rhEGF mitokondriyal birikme,

* rhEGF kollajene baglanma, ekstraselliiler
matriks sentezi

Figure 2D: Immunolabeling of PCNA in part of a fibroblast-like cell (FLC)
from a biopsy of samples infiltrated with EGF at T24. Large labeling of RER,
Golgi complex (GC) and mitochondria (M) were observed. Immunostaining
of PCNA was also detected in nucleus (N), and extracellular matrix (ECM)
(arrows). Also note immunostaining in plasma membrane, vesicles and

exosome-like structures (ELS) (arrowheads) (Bar=0.5um).




Aslinda prensip olarak eksigi tamamlama
tedavisi uyguluyoruz....




Hasta deneyimleri-1

e 32 yasinda erkek hasta, DM, OAD, 112 kg

* NOropatisi var...sensoriyel

e Sicak asfalta basma sonrasi ayak tabaninda yanik,
 DAI- grade 2

e Sag ayak plantar kisminda hassasiyet, YDE?

* Ates —Usume —titreme

* Takip ve tedavi amacli yatis...

* PE abterapi- SCF



| | ||
Enzimatik debridman




4. Hafta

* Granilasyon kismen var,
* Epitelizasyon nazli...

* Yara kenarlari kaba-keskin
debridman
* Yara yatagina Regen D







Hasta deneyimleri-2

* 69 yasinda erkek hasta, DM, OAD, 74 kg

* Noropatisi var, nefropatisi var ...

e Ayakkabi vurmasi sonrasi...

e Sag ayak Il. Parmakta DIP’da...DM enfeksiyonu...6. haftada...
 DAl-grade 3

* PO almis...Enfeksiyon +enflamasyon kontrol altina alinmis,

* ESH, CRP (N)

* Ayak grafisinde 2. parmak distal falanks erimis...



7. hafta

* Lokal pansuman — debridman
* Tirnak + distal falanks kendiliginden ayrildi




+ Debridman — HOCL v il "2
* Regen D-4 hafta 12. hafta

8. hafta




Hasta deneyimleri-3

* 59 yasinda erkek hasta, DM, insulin kullaniyor, 74 kg

* NOoropati-retinopati- nefropati (HD) var ...

* Sag bacak diz alti amputasyon...DM enfeksiyonu nedeniyle...
* Post op. 6. ayda dlisme sonrasi gudukte travma...acilma...

e Sonrasinda YDE bulgusu- PO antibiyotik... 4 hafta...

* Odem artmis...

» Gudukte enfeksiyon bulgusu yok,

* ESH, CRP (N)



AMPUTASYON SONRASI DIYABETIK HASTADA GUDUKTE YARA

KABUKLU BOLUME HiDROJEL,YARA iC
KISMINA iSE YOGUN AKINTIDAN DOLAYI
GUMUS iCERIKLI FIBER ORTU VE BARIYER
KREM iLE YARA BAKIMINA BASLANILDI.

AMK 1 gr tab 2x1

4 hafta sonra ...YARADAKI AKINTI
DURDUGU ICIN FiBRINLERI COZMEYE
YONELIK HIDROJEL UYGULAMASINA
GECILDI




Tedavi 8. haftasi...
YARA GRANULE VE TEMIZ
OLDUGUNDAN topikal rhEGF- 4 hf

YARANIN SON DURUMU







Yontemler arasinda kanit dizeyi kiyaslamasi?
Klasik vs hucresel

Tedavi Kanit diizeyi
Debridman gucla
Off-loading guclu

rhEGF orta

PRP orta

Stem cell dusuk-orta
Exosome deneysel




YARA BAKIMI: BIR SENFONIi ORKESTRASI

Uyum, Zamanlama ve Dogru Yénlendirme ile Miikemmel lyilesme

UYUMLU ORKESTRA = NORMAL YARA iYILESMESI ; : BOZUK ORKESTRA = KRONIK YARA

SEF: KLINISYEN / YARA BAKIM EKIiBi

YAYLILAR Siireci yénetir, zamani ayarlar, : PERKUSYON GOK YUKSEK

Fibroblastlar r o, > dogru mudahaleri koordine eder. y : Kronik inflamasyon baskin
Kollajen tiretimi (TNF-gq, IL-1B, IL-6 T 1)

UFLEMELILER

Sitokinler & Bliyiime Faktorleri
(PDGF, TGF-B, VEGF, FGF, EGF)
iletisimi saglar

YAYLILAR BASKILANMIS

Fibroblast aktivitesi azalir,
kollajen uretimi diiser

UFLEMELILER SESSIiz
Buyiime faktoérleri azalir
(PDGF, TGF-B, VEGF, FGF 4 1)

PERKUSYON
inflamatuar hiicreler
(Notrofiller, Makrofajlar)
temizler ve korur

ECM YIKIMI ARTAR
MMP’ler yiiksek,
doku yikimi baskin

ZEMIN RITIMI
Ekstraseliiler Matriks (ECM)
doku iskeletini olusturur

UYUM = IYILESME ) R e SEF YOK / KOORDINASYON YOK
Tum bilesenler dogru zamanda, i GURULTU = IYILESME DURUR Zamanlama kaybolur,
dogru yogunlukta calisi. 7 Inflamasyon gok yiiksek, diger siiregler baskilanir. iyilesme ilerleyemez

Yara inflamatuar fazda takili kalir.

DESTEK EKIiP

Hicre goégl, anjiyogenez,
epitelizasyon, oksijenlenme,
beslenme, kontroli saglar

NORMAL YARA IYILE$MESI 4 HAREKETII BiR SENFONI

HEMOSTAZ " ( e INFLAMASYON ) PROLIFERASYON " REMODELLING ' SONUC 0
Dakikalar — Saatler 1 - 3Gin (3 - 21 Gin Haftalar — Aylar
« Damar biiziismesi I . (&) = Natrofiller gelir ‘ l - Fib‘ltoblastaktivasyonu | : o Kol feorcaniiaini @ Doku bitiinliigii saglanir
> <= %4« Bakterive debris temizligi * Anjiyogenez <S> @ Fonksiynm geri doner

» Skar maturasyonu

« Kollajen tretimi

» Makrofaj aktivasyonu @ Enfeksiyon riski azalir

* Pihti olusumu 3 E;
« Platelet aktivasyonu S o ' o ; _,-9/.7 ~= .+ Dokugiiglenmesi
e IL-1, TNF-q, IL-6 salimimi zfé( * PDGF, TGF-B, VEGF, FGF, EGF artar — @ Yasam kalitesi artar

» PDGF, TGF-B salinimi

A

ANA MESAJ DENGE HER SEYDIR - S (@ KRONIK YARADA HEDEF 66 o
‘ lyi yoénetilen her yara,

Yara iyilesmesi bir ekip isidir. ONARIM GUCLERI N YIKIM GUCLERI 1 » inflamasyonu kontrol etmek gi]zel bir senfoniye db'ni]sebilir.

—

Her bilesen 6nemlidir. (Buiyume faktorleri, hucreler, / 1\_‘ (MMP’ler, proteazlar, = Doku yikimini azaltmak (MMP)
Dogru zamanda, dogru sesle birlikte kollajen iiretimi) ¢ |, proinflamatuar sitokinler) * Blylme faktrlerini artirmak
+ Dengeyi yeniden kurmak

calistiklarinda ortaya HARMONI ¢ikar.

. # Senfoniyi yeniden uyumlu hale getirmek |

Kaynaklar: 1. Eming SA et al. Nat Rev Dis Primers. 2017;3:17062. 2. Gurtner GC et al. Nature. 2008;453:314-321.
3. Sen CK. Diabetologia. 2019;62:1910-1922. 4. Delgado LM et al. Int Wound J. 2021;18:456-476.




SON SOZ

“Kronik yara sadece bir doku kaybi degildir; iyilesme biyolojisinin
basarisizhigidir”

Dolayisi ile bir yontem veya urun tek basina
veterli olamaz...

Kronik yarada gelecek rejeneratif turunler
etrafindan sekillenecek gibi gorunuyor...



Kronik yara bakimi ve takibi ekip isidir...

"’;Y 110 3"*

a W“ ) i‘?

-."

/0}"

14 /l/‘:f‘ai \\ N &\

Sabriniz icin tesekkur ederim.
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