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2. WYKAZ SKROTOW

ACM

ADSCs

AGA

ANA

ASC

BM-MSC

DHT

DPCs

FDA

FDSCs

FSFI

HFSCs

MSCSs

ORS

SHGB

SVF

VAS

WHOQOL-BREF

Mikroprzeszczep komorek autologicznych (ang. autologous cell
micrografts)

Komorki macierzyste z tkanki tluszczowej (ang. adipose tissue-
derived stem cells)

Lysienie androgenowe (ang. androgenic alopecia)
Przeciwciala przeciwjadrowe (ang. antinuclear antibody)
Stromalne komodrki macierzyste (ang. stromal stem cells)

Komorki mezenchymalne ze szpiku kostnego (ang. mesenchymal cells
from bone marrow)

Dihydrotestosteron (ang. dihydrotestosterone)
Komorki brodawek skornych (ang. dermal papilla cells)
Agencja Zywnoéci i Lekéw (ang. Food and Drug Administration)

Komorki macierzyste z powiezi (ang. fascia-derived stem cells)
Indeks Funkcji Seksualnych Kobiety (ang. Female Sexual Function
Index)

Komoérki  macierzyste z mieszkow wlosowych (ang. hair
follicle-derived stem cells)

Komorki mezenchymalne (ang. mesenchymal stem cells)
Zewnetrzna ostonka korzenia (ang. outer root sheath)

Globulina wigzaca hormony plciowe (ang. sex hormone-binding
globulin)

Frakcja stromalna (ang. stromal vascular fraction)
Wizualna skala analogowa (ang. visual analogue scale)

Skrocona wersja ankiety oceniajacej jakos¢ zycia (ang. The World
Health Organization Quality of Life Brief Version)



3. OMOWIENIE ROZPRAWY DOKTORSKIEJ

3.1. Wstep

Lysienie androgenowe (ang. androgenetic alopecia, AGA) jest najczgscie]
wystepujaca formg tysienia niebliznowaciejagcego zaré6wno u mezczyzn jak i1 kobiet, ktora
objawia si¢ postepujaca utrata wlosoOw o bardzo charakterystycznym i przewidywalnym
wzorcu. Choroba ta moze rozpocza¢ si¢ na kazdym etapie zycia, jednak czestos$¢ jej
wystepowania wzrasta wraz z wiekiem. Okoto 70 roku zycia 42% kobiet 1 80% me¢zczyzn
wykazuje charakterystyczne cechy AGA. Lysienie androgenowe jest zaburzeniem wypadania
wlosdéw, w ktorym posredniczy dihydrotestosteron (ang. dihydrotestosterone, DHT) poprzez
indukowanie miniaturyzacji mieszkow wtosowych 1 przeksztatcanie koncowych wlosow we
wlosy welusowe. W etiopatogenezie tego stanu duza rolg przypisuje si¢ takze stresowi
oksydacyjnemu 1 mikrozapaleniu wokdét mieszkéw wiosowych skory objetej procesem
chorobowym.

Wilosy stanowig wazng role spoteczno-kulturowa, a ich dlugo$¢ 1 uczesanie
sg istotnymi elementami tozsamos$ci jednostki. Dlatego tez utrata wloséw czesto prowadzi,
zwlaszcza wsrdd kobiet, do niezadowolenia z wygladu, co moze mie¢ negatywny wplyw na
samoocen¢ oraz skutkowaé trudno$ciami psychologicznymi i spotecznymi.

Aktualnie w leczeniu tysienia androgenowego substancjami zatwierdzonymi przez
amerykanska Agencje Zywnosci i Lekéw (ang. Food and Drug Administration, FDA)
sg minoksydyl stosowany miejscowo (u mezczyzn i u kobiet) oraz finasteryd stosowany
doustnie (tylko u me¢zczyzn). Dostepne terapie AGA czesto nie przynosza zadowalajacych
efektow klinicznych dlatego istnieje zapotrzebowanie na nowe strategie leczenia. Terapie
oparte na komodrkach macierzystych w ostatnim czasie spotkaly si¢ ze znacznym
zainteresowaniem jako potencjalne nowe metody leczenia polegajace na reaktywacji komorek
macierzystych mieszkow wlosowych, a tym samym poprawiajace wzrost, regeneracj¢
i rozw0j mieszkoOw wilosowych i wlosow. Przedmiotem najwickszej uwagi autorki staty sa
dwa rodzaje komorek macierzystych w mieszku wlosowym. Pierwsze z nich to komorki
macierzyste mieszkow wtosowych (ang. hair follicle-derived stem cells, HFSC), znajdujace
si¢ w okolicy przyczepu migsnia przywlosnego oraz zewnetrznej ostonki korzenia (ang. outer
root sheath, ORS), w obszarze okre§lanym jako wybrzuszenie. Drugi typ to komorki

brodawki skoérnej (dermal papilla cells, DPC), ktore odpowiedzialne sg za kontrolowanie
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indukcji 1 wzrostu wtosow, a takze uczestnicza w tworzeniu nowych mieszkéw wlosowych.
W przeciwienstwie do lysienia bliznowaciejacego, w AGA nie dochodzi do uszkodzenia puli
HFSC, co sprawia, ze lysienie androgenowe jest potencjalnie odwracalne.

AGA jest chorobg dynamiczng i postepujacg, dlatego po wstepnej diagnozie wazne
jest, aby szybko zastosowa¢ nie tylko leczenie hamujace postep choroby, ale réwniez
odwracajace zmiany, ktore juz wystapily.

Podjety temat badania jest nowatorski 1 istotny w kontekScie mozliwego
wykorzystania tej metody leczenia w praktyce klinicznej biorgc pod uwage fakt, ze dostepne
pisSmiennictwo obejmuje w wigkszosci zastosowanie komodrek macierzystych gltownie

w leczeniu tysienia meskiego.

3.2. Cel badan i problemy badawcze

Celem badan wchodzacych w sktad rozprawy doktorskiej byl przeglad aktualnie
dostepnych badan oceniajacych skuteczno$¢ terapii opartych na ludzkich komorkach
macierzystych w  leczeniu tysienia  androgenowego, przeprowadzenie badania
z autologicznymi komorkami macierzystymi pochodzacymi z mieszkéw wlosowych w grupie
kobiet chorujacych na AGA jak i1 ocena skuteczno$ci zastosowanej terapii. Dodatkowo
autorka oceniata i scharakteryzowata obcigzenie psychospoteczne zwigzane z ta choroba, a
takze wplyw leczenia komorkami macierzystymi na jako$¢ zycia oraz funkcjonowanie

seksualne wsrod zakwalifikowanych do badania pacjentek.

Cele szczegotowe:

3.2.1 Dokonanie przegladu systematycznego piSmiennictwa  dotyczacego
efektywnosci  oraz  bezpieczenstwa  stosowania ludzkich  komorek
macierzystych roznego pochodzenia w leczeniu tysienia androgenowego.

3.2.2 Ocena skutecznosci leczenia komorkami macierzystymi pochodzacymi
z mieszkow  wilosowych (HFSCs) w grupie pacjentek 2z tysieniem
androgenowym.

3.2.3 Ocena obecnosci 1 stopnia nasilenia obcigzenia psychospotecznego w grupie

badanych pacjentek z tysieniem androgenowym przez leczeniem.
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3.24 Ocena wplywu terapii autologicznymi komorkami macierzystymi na jakos¢
zycia 1 funkcjonowanie seksualne w grupie badanych pacjentek z tysieniem
androgenowym.

3.2.5 Analiza korelacji pomig¢dzy wskaznikami laboratoryjnymi i skuteczno$cia
terapii z wykorzystaniem komodrek macierzystych w grupie badanych

pacjentek z lysieniem androgenowym.

3.3. Materiaty i metody

Pierwsza praca sposrdd cyklu jest przeglad systematyczny piSmiennictwa dotyczacy
wykorzystania ludzkich komoérek macierzystych réznego pochodzenia w leczeniu tysienia
androgenowego. Przegladu dokonano zgodnie z wytycznymi protokotu PRISMA w marcu
2023 r. Bazy danych Medline, Web of Science oraz Scopus zostaly przeszukane pod katem
odpowiednich artykuléw przy uzyciu kombinacji stow kluczowych: ,tysienie androgenowe”
(ang. androgenic alopecia) lub ,tysienie wzorcowe” (ang. pattern hair loss) oraz , komorki
macierzyste” (ang. stem cells) lub ,,ADSC” (ang. adipose tissue-derived stem cells) lub
»ASC” (ang. adipose-derived stromal stem cells) lub ,,FDSC” (ang. fascia-derived stem cells)
lub ,,HFCS” (ang. hair follicle-derived stem cells) lub ,,MSC” (ang.mesenchymal stem cells).
Kryteria wykluczenia obejmowaty modele przedkliniczne (badania na zwierzetach), badania
in vitro, przeglady narracyjne, przypadki hipotetyczne 1 badania obserwacyjne, a takze
artykuty w jezyku innym niz angielski. W przypadku badan z tych samych os$rodkow
zglaszajacych prawdopodobnie nakladajace si¢ kohorty uwzgledniono najnowsze badanie.
Do dalszej analizy wlaczono oryginalne artykuly pelotekstowe dotyczace zastosowania
komorek macierzystych w leczeniu tysienia androgenowego.

W badaniach bedacych podstawg drugiej i1 trzeciej publikacji cyklu badano wptyw
leczenia za pomocg autologicznych mikroprzeszczepéw komodrek macierzystych (autologous
cellular micrografts, ACM) pochodzacych z mieszkéw wlosowych u pacjentek
z rozpoznanym tysieniem androgenowym. Badania prowadzono w latach 2022-2023.
Zakwalifikowano do niego pacjentki powyzej 18 roku zycia, ktore podpisaly swiadomag zgode
na udzial w badaniu. Podstawowe kryteria wytaczenia obejmowaty: immunosupresje, choroby

nowotworowe, ci¢zkie choroby przewlekte, cigzg, karmienie piersiag, wiek ponizej 18 lat,



stosowanie antykoncepcji hormonalnej, hiperprolaktynemig¢, niedoczynno$¢ tarczycy,
dodatnie przeciwciala przeciwjadrowe 3 (ang. antinuclear antibodies, ANA3), aktywne
zapalenie skory glowy, zaburzenia krzepnigcia, alergie¢ na lignokaing 1 niestabilny stan
emocjonalny. Wykluczono takze pacjentki, ktore w ciggu szesciu miesiecy przed
rozpoczeciem projektu otrzymywaly leczenie AGA w postaci  doustnej (finasteryd,
dutasteryd, minoksydyl, antyandrogeny) lub miejscowej (minoksydyl, analogi prostaglandyn,
kortykosteroidy). Ostatecznie do badania zakwalifikowano 23 pacjentki z lysieniem
androgenowym, ktorych sredni wiek wynosit 40,112 lat. Od wszystkich pacjentek zostaty
pobrane probki krwi celem wykonania badan laboratoryjnych. Parametry biochemiczne
analizowano w nastgpujacy sposob: testy elektrochemiluminescencji na obecno$¢ hormonu
tyreotropowego (TSH), przeciwcial przeciwko peroksydazie tarczycowej (anty-TPO),
przeciwcial przeciwko tyreoglobulinie (anty-TG), testosteronu, globuliny wigzacej hormony
ptciowe (SHGB), prolaktyny i kortyzolu; testy kolorymetryczne na obecno$¢ zelaza
analizowano za pomoca cobas® e 411 (Roche Diagnostics GmbH, Mannheim, Niemcy).
Testy chemiluminescencji dla androstendionu, witaminy D3, kwasu foliowego, ferrytyny
iwitaminy B12 przeprowadzono na LIAISON® XL (DiaSorin, Saluggia, Wlochy).
Diagnostyczne zestawy laboratoryjne firmy EUROIMMUN (Wroctaw, Polska) zostaty uzyte
do enzymatycznych testow immunosorbcyjnych na siarczan dehydroepiandrosteronu
(DHEA-S), dihydrotestosteron (DHT), 17a-hydroksyprogesteronu, adrenokortykotropiny
(ACTH) oraz do immunoblottingu przeciwciat przeciwjadrowych (ANA), ktore analizowano
na EUROBIlot One (EUROIMMUN, Wroctaw, Polska). Badania hematologiczne wykonano
na aparacie Sysmex XN-1000 (Sysmex, Norderstedt, Niemcy). W przypadku kazdego testu
zestawy 1 odczynniki zostaty zakupione od producenta urzadzenia i byly obstugiwane zgodnie
z dostarczonymi instrukcjami.

Pacjentkom zakwalifikowanym do badania, z okolicy zausznej owtosionej skory
glowy, pobrano pie¢ wycinkow skérnych przy pomocy sztancy o $rednicy 2,5 mm. Z
pobranych mikroprzeszczepéw za pomoca Rigeneracons® otrzymano zawiesing komorek,
ktora metoda mezoterapii zaaplikowano w skore glowy objeta procesem chorobowym.
Regenera Activa® (Human Brain Wave SRL, Turyn, Wlochy) to technologia wykorzystujaca
urzadzenie Regenera Activa®, ktore jest systemem do mechanicznej dezintegracji i
filtrowania tkanek stalych w celu ekstrakcji komorek macierzystych. Procedura jest
przeprowadzana przy uzyciu metody Rigenera HBW (Regenera® Protocol, Rigenera®

Activa, Human Brain Wave SRL, Turyn, Wtochy), opracowanej we Wtoszech w 2013 roku i

10



dostepnej w ponad 50 krajach. Protokot obejmuje uzycie kilku urzadzen: Regenera Activa®
do pobierania biopsji punkcyjnych, Rigeneracons (Human Brain Wave SRL, Turyn, Wtochy)
do wytwarzania zawiesiny komodrek stosowanej jako ACM oraz standardowej strzykawki do
wstrzykiwania ACM w obszary docelowe.

W celu oceny efektéw leczenia, wykonano zdj¢cia glowy pacjentek przed leczeniem
1 sze$¢ miesigey po jego zakonczeniu. Fotografie przed i po zabiegu zostaly wykonane w tym
samym pomieszczeniu, w podobnych warunkach oswietleniowych 1 w tej samej pozycji
glowy. Czterech specjalistow dermatologii niezaleznie ocenito zdjecia przed i po leczeniu
przy uzyciu wizualnej skali analogowej (ang. visual analog scale, VAS). Dodatkowo za
pomoca skali Ludwiga autorka przedlozonej rozprawy, ocenita stopien zaawansowania
choroby w badanej grupie przed i1 po zakonczeniu leczenia.

Wszystkie zakwalifikowane do badania pacjentki zostaly poproszone o wypehienie
dwoch kwestionariuszy przed i sze$¢ miesigcy po wykonanej procedurze z komorkami
macierzystymi. Wykorzystano kwestionariusz jakosci Zycia w wersji skroconej Swiatowej
Organizacji Zdrowia (ang. The World Health Organization Quality of Life Brief Version,
WHOQOL-BREF) do oceny jakosci zycia w czterech domenach: zdrowie fizyczne, zdrowie
psychiczne, relacje spoteczne i1 Srodowisko. Kazda domena byla oceniana w skali Likerta
od 1 do 5. Po zebraniu wypetnionych kwestionariuszy wyniki domen zostaty przeksztatcone
w skale od 0 do 100, gdzie wyzsze wyniki wskazywatly na wyzsza jako$¢ zycia. Drugim
wykorzystanym kwestionariuszem byt Indeks Funkcjonowania Seksualnego Kobiet
(ang. Female Sexual Function Index, FSFI) czyli 19-elementowa skala badajaca szes¢
réznych obszarow kobiecych funkcji seksualnych, a mianowicie: pozadanie, podniecenie,
nawilzenie, orgazm, satysfakcje i bol. W FSFI mozliwe jest do uzyskania od minimalnie
2 punktow do maksymalnie 36 punktow. Skala ta jest szeroko stosowana zaréwno jako
narzedzie przesiewowe do wykrywania zaburzen seksualnych jak i narzedzie do pomiaru
wynikow w zakresie funkcji seksualnych kobiet. FSFI ma kliniczny wynik odcigcia
wynoszacy 26,55 punktow i stuzy obecnie jako standard kliniczny do réznicowania pacjentéw
z dysfunkcjami seksualnymi. W poszczegdlnych domenach wyniki ponizej mediany uznano
za wskazujace na dysfunkcj¢ dla danej domeny, tj. dla pozadania < 3,6, dla podniecenia < 4,8,
dla nawilzenia < 5,1, dla orgazmu < 4,4, dla satysfakcji <4,4 1 dla bolu < 5,6.

Nastepnie zbadano korelacje pomiedzy zmiang wyniku VAS po leczeniu a wyjsciowa
charakterystyka kliniczng pacjentow 1 korelacje miedzy funkcjonowaniem seksualnym

a jakos$cig zycia kobiet z AGA po leczeniu.
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Do analizy statystycznej wykorzystano oprogramowanie SigmaPlot 14.5 (Systat,
Software Inc., San Jose, CA, USA). Dane o rozkladzie normalnym przedstawiono jako
srednia + odchylenie standardowe (SD), dane niespetniajace zatozenia o normalnosci
przedstawiono jako mediang (rozstep migdzykwartylowy). W testach statystycznych p < 0,05

uznano za istotne statystycznie.

3.4. Podsumowanie wynikow

Wyniki badan laboratoryjnych zakwalifikowanych pacjentek wykazaty, Zze poziomy
ferrytyny 1 zelaza byly blizsze dolnej granicy normy, a poziom TSH byt zgodny z normami
w populacji ogdlnej oraz tymi dotyczacymi kobiet w wieku rozrodczym u wszystkich
pacjentek. Analiza hormonéw plciowych wykazala, Zze pacjentki nie mialy nieprawidlowo
podwyzszonego poziomu DHT, DHEA-S, androstendionu i testosteronu, podczas gdy
stezenie SHGB bylo na gornej granicy normy.

Zdjecia skory glowy pacjentek przed i1 sze$¢ miesiecy po terapii HFSC zostaly
ocenione przez czterech niezaleznych specjalistow dermatologii. Ocena ta wykazala znaczna
poprawe kliniczng w oparciu o skalg VAS ze $rednim wzrostem o 1,5 punktu (p <0.05)i0 1
stopien w skali Ludwiga (p < 0.05).

Zwiazek miedzy poczatkowymi parametrami krwi a wynikami klinicznymi oceniono
na podstawie wspolczynnikow korelacji Spearmana. Ocena efektow klinicznych w skali VAS
przez 4 niezaleznych specjalistow dermatologii wykazala umiarkowana ujemng korelacje
z wyjSciowym stezeniem ferrytyny i dodatnig korelacje ze stezeniem zelaza, jednak korelacja
ta nie byla istotna w kontekscie wyniku delta VAS (§redni wynik w skali VAS po leczeniu -
sredni wynik w skali VAS przed leczeniem). Wsr6d hormondéw plciowych $rednie lepsze
wyniki terapii byly zwigzane z wyzszymi poczatkowymi poziomami SHGB (r = 0,47;
p <0.05) i 170-hydroksyprogesteronu (r = 0,44; p < 0.05). Ani stezenia testosteronu, ani DHT
nie wykazywaly istotnej korelacji z wynikami oceny VAS.

W kolejnym etapie pracy badawczej wykazano, ze przed leczeniem w skali FSFI
11 pacjentek uzyskato wyniki ponizej 26,55, co wskazuje na obecno$¢ dysfunkcji seksualnych
w tej grupie pacjentek. Liczba ta zmniejszyta si¢ do 6 pacjentek z dysfunkcjami seksualnymi
po 6 miesigcach od sesji ACM. Na poczatku badania wigkszo$¢ (65%) pacjentek zglosito
wyniki ponizej mediany w zakresie pozadania 1 podniecenia, 61% ponizej mediany w zakresie
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nawilzenia 1 bolu, a57% ponizej mediany w odniesieniu do orgazmu i satysfakcji.
Po leczeniu ACM pacjentki zglaszaty znacznie wyzsze pobudzenie z mediang 4,8 (1,5) przed
15,10 (0,9) po leczeniu (p = 0,035, wielkos¢ efektu r = -0,31, co wskazuje na $redni efekt),
a takze satysfakcje z mediang 4,4 (1,4) przed i1 4,8 (1,8) po leczeniu (p = 0,025, wielkos¢
efektu r = -0,324). Catkowity wynik FSFI, a takze wskazniki pozadania, nawilzenia, orgazmu
1 bolu nie rdznily sig¢ istotnie migdzy punktami badania.

Sposrod domen WHOQOL-BREF pacjentki z AGA zglaszali najnizsza jakos¢ zycia
w domenie zdrowia fizycznego. Ocena za pomoca WHOQOL-BREF wykazata, ze 6 miesi¢cy
po zabiegu ACM pacjentki odczuwaly wyzsza jakos$¢ zycia w zakresie zdrowia psychicznego
($rednia przed 57,96 £+ 19,0 vs. §rednia po 69,35 £+ 14,0; p = 0,031, wielko$¢ efektu mierzona
za pomocg d Cohena wyniosta d = 0,68, co wskazuje na $redni efekt) 1 srodowiska ($rednia
przed 72,96 £+ 13,4 vs. $rednia po 81,09 + 12,6; p = 0,007, d Cohena wyniosto 0,63). Nie
odnotowano znaczacych zmian w zgtaszanym zdrowiu fizycznym i relacjach spotecznych.

Analiza korelacji migdzy wynikami WHOQOL-BREF a wynikami FSFI wykazata,
ze we wszystkich domenach ogolna jako$¢ zycia 1 zdrowie seksualne byly umiarkowanie lub
silnie dodatnio skorelowane. Najsilniejsze zwigzki (powyzej 0,7 rho Spearmana) stwierdzono
miedzy pobudzeniem FSFI a relacjami spotecznymi (p<0.001) oraz satysfakcja FSFI
a relacjami spotecznymi (p < 0,001). Nie wykryliSmy Zadnego zwiazku migdzy domenami
WHOQOL-BREEF lub FSFI a wiekiem lub nasileniem AGA.

Analizowane w przegladzie systematycznym badania kliniczne wykazaty, ze
stosowanie ludzkich komorek macierzystych w leczeniu AGA u kobiet 1 megzczyzn jest
rokujaca nadziej¢ opcja terapeutyczng. Rowniez wyniki uzyskane w badaniach bedacych
podstawa publikacji drugiej i trzeciej wskazuja na obiecujace efekty terapii ACM. Przyszie
wysitki powinny skupi¢ si¢ na poprawie projektowania badan klinicznych, przeprowadzeniu
wigksze] liczby badan z komorkami macierzystymi u kobiet zAGA oraz ustaleniu
najlepszych praktyk w zakresie miejsc wstrzyknigé, typéw komorek, sesji i czgstotliwosci.
Wazne jest stworzenie ustandaryzowanej metody pobierania, przygotowywania i
wstrzykiwania komorek macierzystych. Istniejg liczne doniesienia na temat ADSC 1 HFSC w
leczeniu AGA, jednak dalsze badania z komoérkami macierzystymi szpiku kostnego (ang.
bone marrow stem cells, BMSC) irozpoczgcie badan z komérkami macierzystymi z galarety
Whartona s3 niezbedne, aby zaczaé rozwazaé je jako opcje terapeutyczng. Pomocne bytoby

przeprowadzenie badania porownujacego skuteczno$¢ roznych rodzajow komorek
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macierzystych w leczeniu AGA, poniewaz mozliwos¢ ich uzyskania jest bardzo

zréznicowana.
3.5. Etyka

Projekt pracy doktorskiej opartej na ponizszych publikacjach zostal zatwierdzony
przez Komisje Bioetyczng Uniwersytetu Medycznego we Wroctawiu na podstawie zgody
Nr KB-1074/2021. Badanie przeprowadzono przestrzegajac zasad Good Clinical Practice oraz
zasad Deklaracji Helsinskiej Swiatowego Stowarzyszenia Lekarzy przyjeta przez
18 Zgromadzenie Ogdlne Swiatowego Stowarzyszenia Lekarzy (WMA), w Helsinkach
wczerwcu 1964 r., a zmienionej przez 64 Zgromadzenie Ogdélne WMA, w Brazylii
w pazdzierniku 2013 r. Badania zostaly przeprowadzone z zachowaniem anonimowos$ci

uzyskanych danych.

3.6. Wnioski

3.6.1. Zastosowanie ludzkich komorek macierzystych w tysieniu androgenowym
wydaje si¢ by¢ obiecujaca opcja terapeutyczng wobec standardowego leczenia lub
moze odgrywaé role terapii uzupelniajacej w celu poprawy efektu leczenia

podstawowego.

3.6.2. Leczenie ludzkimi komoérkami macierzystymi niezaleznie od ich pochodzenia
ma pozytywny wplyw na gesto§¢ wlosow u pacjentow chorujacych na tysienie

androgenowe.

3.6.3. Terapia wykorzystujagca autologiczne komorki macierzyste z mieszkéw
wlosowych przynosi satysfakcjonujace efekty sze$¢ miesiecy po pojedynczej sesji

leczenia u kobiet z tysieniem androgenowym.

3.6.4. Pacjentki, u ktorych stwierdzono w pobranych probkach krwi wyzsze
wyjSciowe  stezenie  globuliny wigzacej hormony plciowe (SHGB) i
17a-hydroksyprogesteronu osiggaty lepsze wyniki kliniczne oceniane za pomocg skali

VAS.
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3.6.5. Lysienie androgenowe zenskie wplywa negatywnie na jako$¢ zycia i
funkcjonowanie sekusalne kobiet, a wykorzystanie terapii z komodrkami

macierzystymi w leczeniu kobiet z AGA dziala pozytywnie na oba aspekty.

3.6.6. Konieczne s3 dalsze badania w celu oceny dlugoterminowej skutecznosci
stosowania autologicznych komoérek macierzystych pochodzacych z mieszkow

wlosowych pacjentdow chorujacych na tysienie androgenowe.
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Abstract: Androgenetic alopecia is a condition that results in hair loss in both men and women. This
can have a significant impact on a person’s psychological well-being, which can lead to a decreased
quality of life. We conducted a systematic review to evaluate the efficacy of using stem cells in
androgenic alopecia. The search was conducted in MEDLINE via PubMed, Web of Science, and
Scopus databases. The review was performed on data pertaining to the efficacy of using different
types of stem cells in androgenic alopecia: quantitative results of stem cell usage were compared
to the control treatment or, different types of treatment for female and male androgenetic alopecia.
Of the outcomes, the density of hair was analyzed. Fourteen articles were selected for this review.
During and after treatment with stem cells, no major side effects were reported by patients with
alopecia. The use of stem cells in androgenic alopecia seems to be a promising alternative to the
standard treatment or it could play the role of complementary therapy to improve the effect of
primary treatment. However, these results should be interpreted with caution until they can be
reproduced in larger and more representative samples.

Keywords: stem cells; androgenic alopecia; female pattern hair loss; mesenchymal stem cell; follicle-derived
stem cells; alopecia; male pattern hair loss; tissue regeneration; clinical application

1. Introduction

The common cause of non-scarring alopecia among both men and women is andro-
genic alopecia (AGA). The disease manifests by progressive hair loss, usually in a pattern
distribution. It can begin at any age after puberty, but the incidence increases with age.
At the age of 70 and above, up to 42% of women and 80% of men present characteristic
features of AGA [1]. The miniaturization of hair follicles and decreased hair density occur
in the affected scalp area of patients with AGA. Terminal hair growth length is gradually
reduced in this disease entity. Both women and men show an increase in short telogen
hairs (<30 mm) over the course of the disease. This indicates that hair completes its life
cycle in less than 6 months in PHL (pattern hair loss) patients [2]. Although the causes of
miniaturization are unknown, genetic tendencies and androgen effects are thought to be
associated with other factors that have not yet been clarified [3].

The hair of the human scalp plays an important symbolic role in determining one’s
appearance and is an important sociocultural role. Hairstyles and lengths are distinctive
features of an individual’s identity, and hair loss can lead to dissatisfaction with appearance,
especially among women, and can have a negative impact on self-esteem. Hair loss is also
associated with psychological and social difficulties in men [4,5].

At present, minoxidil and finasteride are the relevant only approved drugs by the US
Food and Drug Administration (FDA). Dutasteride, despite not being an FDA-approved
drug for androgenic alopecia, showed greater long-term effectiveness and safety versus
finasteride in patients with male androgenic alopecia [6]. Low level laser light therapy
(LLLLT) is the only approved device by the FDA to treat androgenetic alopecia [7]. Gupta
etal. [8], in a systematic review with meta-analysis from 2022, came to the conclusion that
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the only treatment option with strong evidence, for both males and females with AGA is
5% minoxidil. AGA is a dynamic and progressive disease, therefore after initial diagnosis
it is important to quickly apply not only a treatment that inhibits the progression of the
disease but also one that can reverse the changes that have already occurred.

Stem cell-based therapies have recently gained considerable attention as potential
novel treatments, focusing on the reactivation of hair follicle stem cells and thus improving
the growth, regeneration, and development of hair follicles [9]. The sources of multi-potent
stem cells with regenerative potential for hair follicles are adipose tissue, hair follicles from
unaffected regions, blood, bone marrow, and Wharton's jelly. There are two main types of
stem cell transplants: autologous and allogeneic. The stem cells in autologous transplants
come from the same person who will get the transplant, so the patient is their own donor.
The stem cells in allogeneic transplants are from a person other than the patient, either a
matched related or unrelated donor. Anudeep et al. proposed the classification of stem
cells into adult stem cells and perinatal stem cells. Adult stem cells were divided into
adipose tissue-derived stem cells (ADSCs), hair follicle-derived stem cells (HFSCs), and
bone marrow-derived stem cells (BMSCs). In addition, ADSCs were divided into nanofat
and stromal vascular fraction (SVF). HFSCs on autologous micrografts and cultured HFSCs.
Perinatal stem cells included umbilical cord blood derivatives, MSCs from Wharton's jelly,
MSCs from amniotic fluid, and MSCs from the placenta [10]. Cell transplantation is one of
the strategies to achieve the functional regeneration of hair follicles. Studies show that the
injection of a mixture containing skin epithelial stem cells and mesenchymal stem cells can
induce new hair follicles. Importantly, hair follicular stem cells (HFSCs) periodically switch
between the active and inactive phases which enables keeping stem cell populations in the
hair follicles stable; however, this ability is diminished with aging [11].

Hair follicles contain a variety of cell resources, such as melanocytic cells, epithelial
cells, and stem cells from different developmental origins, which are capable of constantly
renewing, distinguishing, and regulating hair growth and skin homeostasis [12,13]. The
subjects of the greatest interest are two types of stem cells in the hair follicle. The first are
HFSCs, which are in the region of the attachment of the arrector pili muscle and within the
outer root sheath (ORS), in the region of the proximal end of the isthmus. Both regions are
referred to as the “bulge.” The second type is dermal papilla cells (DPCs), which are respon-
sible for controlling hair induction and growth as well as participating in the formation of
new hair follicles [14]. Unlike scarring alopecia, in AGA, which belongs to non-scarring
alopecia, there is no damage to HFSCs while progenitor cells are damaged [15]. That fact
makes androgenetic alopecia potentially reversible. DPCs in the skin affected by androge-
netic alopecia have reduced replicative potential and were also found to have changes in
their shape, size, and loss of characteristic markers. The influence of dihydrotestosterone
on DPCSs is considered a potential cause of senescence. Abnormally functioning DPCs
produce inhibitory factors that suppress HFSCs. In turn, they lose the function of their
stimulation [16].

Adipose tissue, in addition to its role in energy storage, is a well-known source of
precursors and stem cells. The adipose tissue is a storage area for regenerative molecules.
Indeed, a variety of regenerative products can be generated from adipose tissue, including
nano fat, vascular stem cell fraction (SVF), MSCs, adipose-derived stem cell conditioning
medium (ADSC-CM), and extracellular veins (EV) [10]. The stromal vascular fraction (SVF)
refers to all the cellular elements of the adipose tissue and is formed from heterogeneous cell
population components of this tissue: adipocytes, blood cells, endothelial cells, extracellular
matrix, and the most essential elements which are adipose-derived stromal/stem cells
(ASC) [17,18]. Multipotent stem cells derived from adipose tissues, stromal vascular cells
derived from adipose (ADSVC), or regenerative cells derived from adipose (ADRC) refer
to the newly used primary multipotent stem cells derived from the stromal vascular
fraction. When these cells are cultured, they acquire additional characteristics and become
a set of mesenchymal stem cells (MSCs) which are known as adipose-derived stem cells
(ADSCs) [9,19,20].
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Bone marrow is the main source of MSC. Many animal models showed the progression
from the telogen phase to the anagen phase after the intradermal injection of mesenchymal
cells from bone marrow (BM-MSC) and induced genes involved in hair regeneration [10,21].
Yoo et al. [22] studied the influence of MSCs from the umbilical cord and bone marrow on
human hair proliferation in vitro. The researchers have attempted to cultivate hair follicle
cells in vitro and implant them in the treatment area. The study showed that created DPLTs
(dermal papilla-like tissues) have the same hair bulb structure inductive ability as natural
DPSCs and that the transplantation of DPLTs can induce new hair follicles in athymic mice.

Studies using Wharton's jelly stem cells on AGA patients have not been conducted.
Their uniqueness and advantage over other mesenchymal cells are due to several of their
features: non-invasive and non-painful derivation, large number of donors, no ethical
concerns, high cell proliferation, and broad differentiation potential. In addition, they have
negligible immunogens [23].

In recent years, there has been an intensive development of simple, outpatient stem
cell isolation methods. At the same time, due to high availability and media publicity, they
have become popular among both physicians and patients suffering from androgenetic
alopecia. These are usually one-day procedures that do not require convalescence.

Along with the development of these techniques, a multitude of studies was published
on the efficacy of stem cell-based treatments in AGA. However, no systematic review was
performed. Therefore, this study aims to conduct a systematic review of studies assessing
the efficacy of stem cell-based therapies in the treatment of AGA.

2. Materials and Methods

This systematic review was conducted to identify evidence on the efficacy of using
stem cells in the treatment of AGA. To conduct this study, the MEDLINE, Web of Science,
and Scopus databases were used. In addition, the reference list of included studies was also
manually analyzed by the reviewers. This review was designed and conducted according
to the PRISMA guidelines.

To retrieve articles, the following search query was used: (androgenic alopecia OR
pattern hair loss) AND (stem cells OR ADSC OR ASC OR FDSC OR HFSC OR MSC). The
search was conducted on 11 January 2023.

Inclusion criteria were randomized controlled trials (RCT), non-RCTs, case stud-
ies/series, and studies assessing treatments with stem cells in people with AGA. Pre-clinical
models (animal studies), in vitro studies, narrative reviews, hypothetical cases, and ob-
servational studies were excluded. The exclusion criteria were as follows: full text not
available, full text not available in English, studies with duplicate information published
elsewhere, nonoriginal data such as reviews, commentaries, and editorials. In the case of
studies from the same centers reporting possibly overlapping cohorts, the newest study
was included. The inclusion criteria are reported as per the PICOS criteria and presented in
Table 1.

Table 1. PICO criteria.

Descriptions: female pattern hair loss, male pattern

Patients = women and men with hair loss, female androgenic alopecia, male
androgenic alopecia androgenic alopecia, alopecia in women, alopecia
in men.
Interventions = treatment with stem cells Descriptions: ADSC, HFSC, BMSC.
Comparison Descriptions: placebo, different treatments.
Outcomes Objective measurement of hair density.

ADSC, adipose-derived stem cell; BMSC, bone marrow stromal cell; HFSC, hair follicular stem cells; PICO,
patient/population, intervention, comparison, and outcomes,
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Study identification and screening were made by two independent reviewers and
discrepancies were resolved by consensus. One reviewer extracted data, while a second
reviewer validated the extracted data. The following data were retrieved: study design, year
of publication, percentage of female subjects, number of participants, age of participants,
type of stem cells, evaluation method, and results.

3. Results

In the search, we identified 1889 records (685 in MEDLINE/PubMed; 289 in Web of
Science; 915 in Scopus). Out of these, 210 duplicate records were removed. All titles and
abstracts were reviewed, and 22 articles were assessed in full and reviewed for eligibility.
Fifteen articles met the inclusion criteria and are summarized in this review. The selection
process in presented in the PRISMA flowchart (Figure 1). The studies included in this
review were conducted between 2015 and 2021. Studies were conducted in Italy (3), Egypt
(2), Saudi Arabia (1), Japan (3), Spain (2), and South Korea (4). These studies included a
total of 653 participants diagnosed with AGA. In total, 5 out of the 15 studies were reported
as randomized controlled trials. Three were non-randomized controlled trials. Four were
single-arm trials without a control group. Three were retrospective reports of a series of
patients. The characteristics of included studies are shown in Table 2.

[ Identification of studies via databases and registers ]
Y
& . Records removed before screening:
2 Records identified from*:
E Duplicate records removed (n
= Databases (n =1889 ) R
£ =269 )
S Registers (n=0)
3
I
—
Records screened Records excluded™
>
(n=1620) (n = 1598)
Reports sought for retrieval Reports not retrieved
g (n=22) "l n=0y
g
; !
Reports assessed for eligibility »
Reports excluded:
(n=22)
Lack of access (n=0)
No quantitative data (n=1)
Not relevant (n=2)
- Combination ~ with  another
) treatment (n=4)
7 Studies included in review
E (n=15)
o
E Reports of included studies
(n=1%5)

Figure 1. PRISMA flowchart of selected studies.
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Table 2. Characteristics of included studies.

Design

Duration and Type

Progression of the

N, Age (Year) " 5
Author, Year Country F (%) of Treatment Disease (Scale) Aksessment Hair Density:
IMPROVEMENT: total hair
= - 65 HFSCs T, hair density, hair density increased vs. placebo
Tsuboi et al. RCT 33-64 1 session Nt diameter, (p < 0.025), an increase was
[24], 2020 Japan $3-6 P
i P 23 n/r injections trichogram greater in people =51 years
of age
. IMPROVEMENT: hair
Gentil 1 NRCT 1 1HFS-LS density increased by
[eZT]‘ S Oelt7a g Ttal 38-61 Suh‘::f::“z_’;us N-H 3-5 P 29% = 5% for a treated area
4 4 0 i rckions and by less than 1% for the
g placebo area
IMPROVEMENT: increase in
N P, dermosopic hair density of 52 £ 28 in
Elmadaavi et al RCT 20 BMS? rd ESCS examination, digital subjects receiving BMMC
“[g,,]a?c‘lg Ak Eegypt 10-50 (26 + 8) mt::;;‘r‘l’;‘ ) n/r dermoscopic, and and 42 £ 27 in subjects
h o0 injections histological receiving FSC with a
examination non-statistically significant
difference
0 HFSCs AR .
o single arm, 140 D il = IMPROVEMENT: hair
éla’lil gagll non-controlled 1565 (mean ape sué?f;ﬁus 52-4,N-H2-4 His "h"s“‘ﬂ?’ density increases by +4.5 to
i Saudi Arabia 32.1) 80,7 injections (huichesean’y 7.12 hair/cm
ADSCs-CM ) 7 - "
Pfarita ool l]\]RCT 271 S sion:, L12,N-H26 Ftfichastony i Gomenty from 10 e,
271, 2021 apan 3 intradermal ' TrichoScan™ S
75 injections ( ) (p < 0.001)
. single arm, 100 HFSCs :
Ruiz et al. o t P, trichoscopy IMPROVEMENT: increased
28], 2019 ""“’;‘I’J‘;:;”“ed e - e n/r (TrichoScan®) hair density of 30% = 3.0%
IMPROVEMENT: increased
Gentile et al. ROCA =l P helamsitpotlls o b
[29], 2019 ’ Italy 25-72 SRR L1-2, N-H2-5 P the treatment group and less
282 injections than a 1% increase for
: the placebo
IMPROVEMENT: hair
. density increased compared
— single arm, 4364(53 + 122) JaDecs P ﬁgﬁ;:ﬁ:‘gﬁ:;‘;m
e a non-controlled men: 51.5 + 3.43; U HESSION 113, N-H 4-5 P e >
[29], 2021 Reoublic of K iy subcutaneous each); density increased in
epublic of Korea 555 injections the treated site by 48.11% as
" compared to the non-treated
site density of 35.48%
» ADSCs-CM IMPROVEMENT: the mean
Fukuoka et al. NRCT 20-70 6 sessions /e P, trichoscopy increase in hair density was
[30], 2015 Japan 40,2 intradermal (TrichoScope) 29 & 4.1 in male patients and
’ injections 15.6 + 4.2 in female patients
IMPROVEMENT: hair
count/cm? showed a high
5 statistically significant
< ADSCs g
= single arm, 30 2 increase from
Et'a'fhfé‘“ﬁ% non-controlled 2145 (30.1 % 6.3) mﬁf:i‘r‘l’;‘al L13,N-H1-6 P, trichoscopy 130.87 & 14/cm? before the
ebal 2ok Egypt 533 e study t0 15193 + 22.36/cm?
¥ at the 6-month follow-up
visit with a 16.09%
improvement
IMPROVEMENT: hair
27 ADSCs-CM medical records and density increased from 105.4
Shin et al. ROCS 22-69 (41.9 + 12 sessions. L1 phototrichographic to 122.7 hairs/em? over the
[28], 2015 Republic of Korea 13.4) topical wit images were 12 weeks of treatment
100 micro-niddle roller analyzed (p < 0.001), representing an
increase of 16.4%.
IMPROVEMENT: an increase
of hair count and hair density,
respectively, of 18.0 hairs per
T 0.65 cm? and 23.3 hairs per
;i 27 3 cm? compared with the
Contle sl Tty n/r Wl L12,N-H25 P phototrichograms  baseline, while the control
' % injections area displayed a mean

decrease of 1.1 hairs per
0.65 cm? and 0.7 hairs per

cm? (control vs. treatment:
p <0.0001)
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Table 2. Cont.

Design N, Age (Year) Duration and Type Progression of the < .
Author, Year Country F (%) of Treatment Disease (Scale) Assessment Hair Density
_— IMPROVEMENT: the mean
2 ADSCs ” increase of hair density was
Perez Meza ROCS 18-55 1 session 113 N-H 2.6 P, trichoscopy 31 hairs /em? of
etal. [19], 2017 Spain 1 subcutaneous G (FotooFinder®) a:rs/cr: of (represents a
, injections 23% relative
percentage increase)
IMPROVEMENT: the hair
density of the placebo group
Lee et al. [32] RCT 30 ADSCs-CM topical was 89.3 & 379/cm? and that
- I e 2061 (46.6) 12 weeks, 1 session n/r P, phototrichogram of the ADSC-CM group was
P 50 weekly 102.1 £ 4.09/cm?, showing a
significant difference
(p < 0.05)
IMPROVEMENT: in the
treatment group the mean
- " hair density and thickness
Tak et al. RCT & A opieal y R, increased by 28.1% and 14.2%
[33], 2020 Republic of Korea 237 “";aii’;““ Ot » PROTOHICROETAM by 16 weeks, which were 3.95

and 2.25 times those in
control group using the
vehicle placebo

F, female; L, Ludwig scale; N-H, Norwood-Hamilton scale; S, Shiseido scale; N, number of participants; NRCT,
non-randomized clinical trial; P, photography with baseline evaluation; RCT, randomized controlled trial; ROCS,
retrospective observational case series study; S, Sinclair scale; n/r, non-reported.

3.1. Studies Comparing the Use of Stem Cells with a Placebo

Of the 15 studies, 6 compared the use of stem cells with a placebo. Four of them
compared HFSCs and two of them ADSCs.

Tak et al. [33] conducted a double-blind, randomized, placebo-controlled clinical trial.
This study took place in the Republic of Korea and involved 38 patients (23.7% were
females) diagnosed with AGA. Two groups were distinguished: the intervention group (IG;
n = 19), in which participants received ADSC-CE (adipose-derived stem cell constituent
extract) and the control group (CG; n = 19), in which participants received the vehicle
placebo. Participants used ADSC-CE topical twice a day for 16 weeks. After 16 weeks, an
evaluation based on phototrichogram showed that the total hair count was significantly
lower in CG than in IG (13.95 + 4.01 vs. 17.58 & 4.13 counts per cm? p = 0.009), although
there was no significant difference in the hair thickness between the groups. During the
course of the study, seven mild side effects were reported in five patients, which resolved
without any medical intervention.

Another double-blind randomized controlled study was performed by Lee et al. [32]
with 30 females and males aged 20-61 years, with MPHL (male pattern hair loss) or FPHL
(female pattern hair loss). The treatment course consisted of the repeated application of
ADSC-CM topically or normal saline (placebo) once per week for 12 consecutive weeks.
At the endpoint, the hair density of the placebo group was 89.3 £ 3.79/cm? and that of
the ADSC-CM group was 102.1+4.09 /cm?, showing a statistically significant difference
(p < 0.05). No adverse events occurred during the duration of this study.

Gentile et al. [25] used human follicle stem cells (HFSCs) in 11 patients (38 to 61 years
old) affected by AGA in stages 3-5, as determined by the Norwood-Hamilton classification
scale. He used the system Rigenera® which obtains stem cells from patients’ scalp biopsies
without culturing. In patients with hair loss in the frontal and parietal areas, the HFSC
injections were administered exclusively to the front scalp, and placebo injections (i.e.,
normal saline) were administered to the parietal areas. Similarly, in patients with hair
loss limited to the parietal and vertex regions, HFSCs were injected into the parietal
region and placebos were injected into the scalp vertex. The hair density after 23 weeks
increased by 29% =+ 5% for a treated area and by less than 1% for the placebo area. They
hypothesized that stem cells can improve the formation of new follicles. No major side
effects were reported.

Another study conducted by Gentile et al. [27] in 2019 with 21 participants demon-
strated that the average hair density among patients from the treatment group with HFSCs
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increased by more than 30 + 5.0% and from the placebo group it increased by less than 1%
12 weeks after the treatment. There was no mention of the occurrence of any side effects.

Furthermore, in 2020 Gentile et al. [31] used autologous micrograft injections with
HEFSCs 3 times 45 days apart on a group of 27 participants and reported an improvement
in the mean hair count after 58 weeks (58 weeks vs. 0 weeks). The mean increase (vs.
baseline) was 18.0 hairs in the treated area while the control area displayed a mean decrease
of 1.1 hairs. There was no mention of the occurrence of any side effects.

Tsuboi et al. [24] studied the effectiveness of autologous cell therapy with dermal
sheath cup cells (DSCs) to treat MPHL and FPHL. Subjects received injections with three
concentrations of DSC cell suspensions (7.5 x 106, 1.5 x 106 and 3.0 x 105,134 cells)
and a placebo (each in a volume of 1 mL) into 4 randomly allocated injection sites. The
effectiveness was assessed by imaging of the phototrichogram before injection and 3, 6,
9, and 12 months later, and the hair density and hair diameter were measured using an
image analysis system. The total hair density and cumulative hair diameter increased
significantly for 6 months and 9 months at the DSC cell injection site with a low dose
compared to placebo. In 14 cases, mild adverse reactions such as erythema, purpura, and
small hemorrhages were observed at the injection sites.

3.2. Studies Analyzing the Efficacy of Stem Cell Treatment Alone

Of the 15 studies, 4 analyzed the use of stem cells treatment alone. Two of them
assessed HFSCs and two of them ADSCs.

The study carried out by Zari et al. [34] in a group of 140 consecutive adults with
confirmed AGA sought to examine the efficacy of autologous cellular micrografts which
contain HESCs. Efficacy was evaluated 1-6 months after treatment by analyzing the change
of trichometry parameters, which showed that depending on the scalp region there was an
increase in the mean hair density by 4.5-7.12 hair/cm?. No side effects were reported.

Ruiz et al. [35] performed a study in a group of 100 participants with HFSCs from
autologous micrografts obtained through Rigenera® micrografting technology. The out-
comes were confirmed by the TrichoScan® and showed that the mean increase in the total
hair density was already 30% =+ 3.0% after 2 months of treatment compared with baseline
values for the treated area. In addition, scalp dermoscopic analysis also showed an im-
provement in hair density after both 4 and 6 months following treatment. No side effects
have been reported.

Kim et al. [29] reported nine patients who were suffering from AGA with single
transplantation of autologous SVF in the upper scalp. Hair density of the ADSCs-treated
side was significantly increased after 3 and 6 months of transplantation compared to the
non-treated side (p = 0.01 and p = 0.009 per each). There was no mention of the occurrence
of any side effects.

El-Khwalawany et al. [26] analyzed the efficacy of the non-enzymatic vascular frac-
tion (SVF) in 30 patients with AGA. Patients received one SVF injection and a single
6-month follow-up session. The number of hairs increased from 130.87 + 14/cm? to
151.93 & 22.36/cm?. Patients were asked about experienced pain during and after the
procedure and 21 reported mild pain and 9 reported moderate pain. No one reported
severe pain. Other than that, no other side effects were reported.

David Perez Meza et al. [19], in their retrospective observational case-series study,
analyzed the results of using SVF-enhanced adipose tissue among 6 men and women aged
18-55 years with MPHL and FPHL. In this pilot case series, a mean increase of 31 hairs/cm?
of the scalp (represents a 23% relative percentage increase) was documented in patients
undergoing treatment of fat plus. One side effect was described, and it was a hematoma in
the hairline area after fat injection. The patient did not require medical intervention.

A retrospective, observational study of outcomes in 27 patients with FPHL treated
with ADSC-CM was also performed by Shin et al. [28] The application of ADSC-CM with
a micro-needle roller once per week showed efficacy in treating FPHL after 12 weeks of
therapy. The hair density increased from 105.4 to 122.7 hairs/ cm? (p < 0.001). The hair
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thickness increased from 57.5 Im to 64.0 Im (p < 0.001). No serious side effects were observed
in any patient.

3.3. Studies Comparing Stem Cells and/or Other Treatments

Of the 15 studies, 3 compared the use of stem cells to another treatment.

Elmaadavi et al. [36] studied the safety and efficacy of autologous bone marrow-
derived mononuclear cells (BMMCs) including stem cells and follicular stem cells (FSCs) in
40 patients with alopecia areata (AA) and AGA. From 20 patients with AGA, 10 received
BMMCs and 10 received HFSCs injections intradermally. The evaluation by immunostain-
ing and digital dermatoscopy showed an increase in hair thickness as well as hair density
after six months of single injection therapy in all groups of patients with no significant
difference between both methods in either type of alopecia (p = 0.426). The average improve-
ment percentage in AGA patients was 52 + 28 in subjects receiving autologous BMMC and
42 + 27 in subjects receiving autologous FSC, with no statistically significant difference.
Elmaadavi et al. reported fatigue and chills in several patients after the administration of
a granulocyte colony-stimulating factor. Moreover, 80 percent of the subjects developed
bone pain and hematomas.

Narita et al. [37] evaluated the effectiveness of ADSC-CM in 21 male and 19 female
patients. The ADSC-CM treatment was evaluated in subpopulations depending on whether
or not finasteride was administered. Patients received ADSC-CM intradermal injections
each month for 6 months, followed by follow-up assessments before and after 2 and
6 months. In this study, the density of hair in all the groups increased considerably. The
density of hair increased from TO (time of the intervention) to T (status after 6 months after
treatment) (p < 0.001). However, specific results were reported only for 2 patients. There
was no mention of the occurrence of any side effects.

In a study published in 2015, Fukuoka and Suga [30] compared the effectiveness
of ADSC-CM in male patients with AGA who took finasteride and those who did not,
and among female patients without finasteride. Patients received 6 sessions of ADSC-
CM injections every 3-5 weeks. The number of hairs based on a trichogram increased
significantly after treatment in both male (n = 11) and female (n = 11) patients. The mean
increase in the number of hairs was 29 & 4.1 in male patients and 15.6 & 4.2 in female
patients. No significant difference was observed between men and women. In male patients,
groups with (n = 6) and without (n = 5) finasteride administration were compared. Fukouka
and Suga reported that the most common complication during the procedure was pain
during and after injections with ADSC-CM.

4. Discussion

This is the first systematic review on the use of different types of stem cells in the
treatment of female and male AGA. In total, 15 studies, in which 653 patients were involved,
provided a comprehensive view of the effects of autologous stem cells in the treatment
of AGA. This review shows the impact of stem cells from different origins on the density
of hair. The main conclusion of the analyses of the studies we selected is that stem cell
treatments have positive effects on the density of hair regardless of its origin.

We analyzed databases of privately and publicly funded clinical trials conducted
around the world (clinicaltrials.gov, accessed on 15 March 2023) and are awaiting the
results of many of them.

Stem cells used in the treatment of androgenetic alopecia are mainly derived from
two sources: hair follicles and adipose tissue. Hence, almost all studies relate specifically
to these cells. Only Elmaadavi et al. [36] studied the efficacy of BMSCs in a group of
10 people with AGA, while the available research on stem cells from Wharton's jelly refers
only to alopecia areata. We made the decision to compare hair density even though the
more defining feature of AGA is hair thickness because only a few studies measured this
parameter, while everyone studied hair density. In androgenetic alopecia, the diameter
variation of more than 20% of hair in the androgen-dependent region is considered to be a
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major diagnostic standard of androgenetic alopecia [38]. Of note, 2 studies included over
100 patients and reported increased mean hair density. Zari et al. involved 140 participants
in their study and in 66, 4% reported a significant improvement in hair density in the frontal
region of the head.

In the papers we reviewed, the main side effects were reported by Elmaadavi et al,,
who declared that some patients after granulocyte-colony stimulating factor reported
fatigue and chills. Eighty percent of subjects also suffered from bone pain and hematoma.
All symptoms were managed with painkillers and anti-inflammatory drugs. In the same
study, for 20% of patients treated with FSC, the only side effect was scalp irritation, which
was treated with emollients. For the reasons mentioned above, the effectiveness of different
stem cells needs to be compared, as treatment with them is associated with different
recovery. Treatment with BMSCs is more absorbent for doctors and patients.

It seems interesting that several researchers have confirmed differences between
the effectiveness of stem cells according to gender. Elmaadavi et al. reported a larger
improvement in females compared to males after both BMMC and FSC therapies (p = 0.016
and 0.008, respectively), but no significant difference was found between both types of
therapy. Zari et al. showed, in a trichoscopy examination, that the most notable effect
was increased hair density in men, whereas in women it was improved hair thickness and
reduced yellow dots. On the other hand, Tsuboi et al. [24] reported that men and women
achieved similar results in their study. They concluded that since cell therapy has similar
results in both sexes, it will be an excellent treatment alternative for women, who have
more limited treatment options compared to men.

An interesting result presented by Tsuboi et al. [24] is that treatment with HFSCs was
more effective in patients older than 51 years and in those with moderate disease severity
(Hamilton grade IIL, IV and Shiseido grade 3, 4). It was suggested that this may be due
to the fact that older patients may have a higher number of inactive resting hair follicles
(telogen hair), so the injection of DSC cells showed a more notable improvement in the
induction of hair growth.

The involvement of inflammatory cells (neutrophils and macrophages) in inducing
hair follicle anagen and the relationship between hair follicle stem cell activation and in-
flammation remain further topics of discussion. [39] It is possible that the stem cell products
being tested cause subtle inflammation that could contribute to transient hair growth.

We identified several limitations in the current research. Owing to the heterogeneity
of the studies in terms of the demographic characteristics, treatment methods, and final
evaluations of the subject, performing a meta-analysis was not feasible. The results we
present should be interpreted with an awareness of their limitations.

Important limitations of the evidence are that the studies present different treatment
protocols, with different types of stem cells and different amounts of sessions, duration of
follow-up, etc. The researchers used different devices to evaluate the effects at different
intervals. The criteria for the exclusion and inclusion of patients in the studies were also
varied. It is also worth noting that patients at various stages of the disease, including those
at very advanced stages, were enrolled in the studies. Moreover, it is widely known that
many factors affect the quality of the stem cells administered, and not all studies reported
information on how they were collected and prepared. Notably, only 9 of the 15 papers
presented had a control group, and only 3 of those 9 studies compared the use of stem cells
with another treatment. Six studies compared stem cells with a placebo. All controls should
include products from other cellular sources, such as primary fibroblasts/keratinocytes, to
confirm the necessity of stem cell use and exclude the contribution of buffers, media, and
other components to treatment efficacy. This is an important limitation of those papers.
Since many commonly used treatments for hair loss have no proven statistically significant
effect, it is important to compare new therapies with other available effective treatments.
In the case of the scientific papers described above, four of them evaluate the effect of stem
cells only, which calls into question the usefulness of these studies.
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5. Conclusions

According to the results of this review, the use of stem cell injections in female and
male AGA appears to be a promising treatment option. Future research should focus on
improving clinical research design, conducting more studies with stem cells in women,
and establishing best practices in injection sites, cell types, sessions, and frequency. It is
important to create a standardized method for collecting, preparing, and injecting stem
cells. While there are numerous reports on ADSCs and HFSCs for the treatment of AGA,
further studies with BMSCs and the initiation of studies with stem cells from Wharton's
Jelly are necessary to begin considering them as a therapeutic option. It would be helpful
to conduct a study comparing the effectiveness of different types of stem cells for the
treatment of AGA, as the ease of obtaining them varies widely. We highlight the need for
studies investigating this because currently available therapies for AGA are unsatisfactory,
and there is a demand for new treatment strategies.
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Abstract: Background: Androgenetic alopecia (AGA) is the most common form of alopecia, but
treatment options are limited. This study evaluated clinical improvement in hair condition in women
with AGA six months after a single injection of autologous cell micrografts (ACMSs) containing
hair follicle stem cells and dermal papilla cells. Methods: Twenty-three women with clinically
and dermoscopy-confirmed AGA were included. Five 2.5 mm punch biopsies were taken from
the skin of each patient with the Regenera device. The cell suspension was prepared with the
Rigeneracons device and then injected into the hormone-dependent hairy zone of the scalp. Results:
A significant improvement was observed on the visual analog scale (VAS) when comparing pre- and
post-procedure photos (p < 0.001). The change in VAS scores was moderately negatively correlated
with baseline ferritin concentration and positively with iron concentration. Improved outcomes were
associated with higher baseline levels of sex hormone-binding globulin and 17x-hydroxyprogesterone.
Neither testosterone nor DHT showed a significant correlation with VAS scores. Conclusions: The
ACM procedure was shown to be both safe and effective, yielding satisfying results six months after
a single treatment session. Future investigations should aim to gather evidence that enables the
development of a cost-effective approach while minimizing treatment burden and costs.

Keywords: androgenetic alopecia; stem cell therapy; hair follicle stem cells; autologous cell
micrografts; regenerative medicine

1. Introduction

Androgenetic alopecia (AGA) stands as the most common form of alopecia globally [1].
Both male and female types of hair loss are characterized by a gradual conversion of
terminal hair into miniaturized hair. AGA affects at least 80% of men and 50% of women
by the age of 70, with a higher incidence among Caucasians [2]. The inheritance patterns of
AGA are polygenic, involving complex inheritance from either or both sides of the family [3].
In individuals genetically predisposed, androgens play a causal role in AGA. In individuals
with AGA, there is an increase in 5-reductase activity and elevated dihydrotestosterone
(DHT) levels in hair follicles for both women and men. Testosterone undergoes conversion
by 5-alpha-reductase to DHT, which is considered the underlying cause of hair follicle
miniaturization [4-7].

During hair follicle morphogenesis and regular hair growth, hair follicle stem cells
(HFSC) and dermal papilla cells (DPCs) play a leading role [8]. In AGA, the differentiation
of HFSCs is hampered by factors secreted by dermal cells [9]. It is assumed that HFSCs
are located in the bulge region of the outer root sheath of the hair follicle [10]. DPCs,
originating from the hair follicle, form a superficial papilla located at the base of the hair
follicle, surrounded by a large number of androgenic receptors [11]. HFSCs and DPCs
ensure conducive conditions for hair regeneration. In scarring alopecia, occurring, for
example, in planus lichen and lupus erythematous, provocative cell invasions around the
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bulge lead to irreversible loss of HFSCs. Despite damage to the progenitor cells, HFSCs
remain preserved in AGA, making this type of hair loss reversible [12].

Society continually seeks effective interventions to reduce the incidence and economic
burden of mental and physical illnesses associated with alopecia. Consequently, therapies
and treatment products for alopecia have been widely studied for decades [13]. Currently,
only two drugs for AGA, topical minoxidil and oral finasteride, have received approval
from the US Food and Drug Administration (FDA). Finasteride competitively inhibits
types Il and III 5-alpha-reductase isoenzymes, preventing the conversion of testosterone
to dihydrotestosterone. While it slows hair loss in the treatment of AGA, it does not
halt the process completely. Given potential adverse effects such as decreased libido,
erectile dysfunction, reduced ejaculatory volume, and gynecomastia, alternative methods
are often favored by men experiencing AGA [14]. The formulation of topical minoxidil
to treat AGA was developed in 1987. It is used both for men and women to stimulate
hair growth; however, the mechanism of action remains poorly understood. Clinically,
minoxidil shortens telogen and stimulates hair follicles to enter anagen, the duration of
which it also extends. The effect of this substance is to increase hair thickness and length.
The sulfotransferase enzyme in the human scalp transforms minoxidil into its active form,
minoxidil sulfate, but variations in sulfotransferase activity between individuals impact
the efficacy of minoxidil [15]. In addition to approved therapies, many non-FDA-approved
treatments have demonstrated effectiveness in treating AGA [16]. Regenerative medical
therapies, such as stem cells and platelet-rich plasma therapies, are currently reported
as promising interventions for alopecia [17,18]. The molecular mechanisms that underlie
the effects of these regenerative therapies remain elusive. Stem cells possess essential
properties, including self-renewal, migration, anti-inflammatory, and immune modulation
properties, which are crucial for tissue and organ repair. Initially, it was believed that the
therapeutic effects of SCs were based on their ability to migrate to damaged tissue and then
differentiate to replace damaged tissue or organs. However, Gnecchi et al. found that the
therapeutic effects of stem cells on diseased tissues were, at least partially, caused by the
release of trophic factors (paracrine) [19,20]. In our recent systematic review, we analyzed
the use of different stem cells for the treatment of AGA, encompassing 15 studies with
653 female and male patients. This study illustrates the effects of different stem cells on
hair density. The main conclusion drawn from the analysis was that stem cell therapy has a
positive effect on hair density regardless of the hair origin [21].

Autologous cell micrograft (ACM) is a method used to extract autologous mature
stem cells from the patient’s scalp biopsy through preparatory systems for mechanical
disintegration and solid tissue filtering. Gentile et al. [22] examined 27 samples of the
micrografts to identify HFSCs. Their calculations showed that each micrograft contained
about 4000 cells, of which DPCs constituted about 4.6%, while HFSCs comprised 2.4%. The
proposed mechanism of action of ACMs in AGA is to enhance the regeneration of hair
cells by transplanting mature multipotent stem cells and to restore hair growth signals by
injecting growth factors. However, the exact mechanism has not yet been established [23].
In this article, we describe the short-term clinical efficacy of a single application of ACM,
obtained with the Regenera Activa® device to treat female AGA. The aim of this work
was to evaluate clinical improvement in hair condition, specifically hair pigmentation and
density, obtained through a single injection of ACMs containing HFSCs and DPCs.

2. Materials and Methods
2.1. Study Overview

The primary objective of the study was to compare clinical effects observed in images
taken before and six months after a single session of ACM. Regenera Activa® (Human
Brain Wave SRL, Turin, Italy) is a technology that uses the Regenera Activa® device, which
is a preparative system for mechanical disintegration and filtering of solid tissues to extract
stem cells [24]. The procedure is conducted using the Rigenera HBW method (Regenera®
Protocol, Rigenera® Activa, Human Brain Wave SRL, Turin, Italy), developed in Italy in
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2013 and available in over 50 countries. In this method, ACM is prepared in a 3-step
protocol. Initially, the treatment involves mechanically disintegrating a tissue sample
obtained through a skin punch. Subsequently, the sample is filtered (50 microns) and
administered intradermally to the affected area following technical specifications. This
technique has been found to be beneficial in dermatology, esthetic medicine, wound care,
orthopedics, and rehabilitation, as well as oral surgery and dentistry for regenerating
various tissues. The protocol involves using several devices: Regenera Activa® to collect
punch biopsies, Rigeneracons (Human Brain Wave SRL, Turin, Italy) to produce a cell
suspension used as an ACM, and a standard syringe to inject an ACM into target areas.
All devices are CE-certified as Class I medical devices [25]. The protocol for regenerating
tissues is described in various publications [26-29].

Four dermatology specialists used the visual analog scale (VAS) [30] for the assessment
and presentation of treatment effects. The diagnosis of AGA was established through a
comprehensive evaluation, including detailed treatment history, clinical tests, blood tests,
and trichoscopy. The severity of AGA was assessed based on the Ludwig scale [31].

2.2. Patients

The study included 23 patients who were clinically and dermoscopy-confirmed to
have been diagnosed with AGA in grades 1-3 according to the Ludwig scale. The main
dermatoscopic features of AGA were hair shaft thickness heterogeneity, yellow dots, and
perifollicular hyperpigmentation [32]. Primary exclusion criteria included immunosup-
pression, cancer, severe chronic diseases, pregnancy, breastfeeding, age under 18 years,
hormonal contraception, hyperprolactinemia, hypothyroidism, positive AN A3 antibodies,
active inflammation of the scalp, coagulation disorders, lignocaine allergy, and unstable
emotional state. Patients with positive ANA3 were also excluded. ANA is an antibody
class that binds to cell components of a cell nucleus. These proteins are usually divided
into two groups: antibodies against DNA and histones and antibodies against nuclear
material. Of the entire population, 20-30% have ANA antibodies. The presence of ANAs
and their subtypes increases the likelihood of systemic autoimmune diseases but does not
necessarily confirm the onset of autoimmune diseases [33-35]. Patients who had received
oral treatments (finasteride, dutasteride, minoxidil, antiandrogens) and topical treatments
(minoxidil, prostaglandin analogs, corticosteroids) for AGA in the past six months were
excluded. Additionally, patients who used medical devices such as low-level laser therapy
or underwent procedures such as platelet-rich plasma or micro-needling were not included
in the study. Prior to the enrollment, all patients gave written, informed consent for par-
ticipation in the study. This study was conducted in compliance with the Declaration of
Helsinki of the World Medical Association. The study protocol was approved by the local
ethics committee (approval no. 1074/2021).

Biochemical parameters were analyzed as follows: electrochemiluminescence as-
says for thyroid-stimulating hormone (TSH), anti-thyroid peroxidase antibodies (anty-
TPO), antithyroglobulin antibodies (anti-TG), testosterone, sex hormone-binding globu-
lin (SHGB), prolactin, and cortisol; and colorimetric assays for iron were analyzed with
cobas® e 411 (Roche Diagnostics GmbH, Mannheim, Germany). Chemiluminescence
assays for androstenedione, vitamin D3, folic acid, ferritin, and vitamin B12 were per-
formed on LIAISON® XL (DiaSorin, Saluggia, Italy). Diagnostic laboratory kits from
EUROIMMUN, Wroclaw, Poland) kits were used for enzyme-linked immunosorbent
assays for dehydroepiandrosterone sulfate (DHEA-S), dihydrotestosterone (DHT), 17 -
hydroxyprogesterone, adrenocorticotropin (ACTH), and for immunoblotting of antinuclear
antibodies (ANA), which were analyzed on EUROBIlot One (EUROIMMUN, Wroclaw,
Poland). Hematology was performed on Sysmex XN-1000 (Sysmex, Norderstedt, Germany).
For every test, the kits and reagents were purchased from the instrument manufacturer and
operated according to the instructions provided.
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2.3. ACM Procedure

Under local anesthesia, five punch biopsies with a diameter of 2.5 mm each were
taken from the skin behind the patient’s ear. The collected micrografts and the necessary
equipment are shown in Figure 1. Subsequently, the collected samples were placed in the
Rigeneracons and covered with 2 mL of sterile physiological solution. The cell suspension
was then generated by rotating Rigeneracons at 80 RPM for 2 min. Following this, the
obtained suspension was diluted with an additional 2 mL of sterile physiological solution.
The resulting solution was injected subdermally into the scalp hair area using a 1 mL
syringe and a 30 mm needle. Each injection point received 0.1 mL of the solution, spaced at
about 1 cm between needle punctures. Importantly, only the hormone-dependent hairy
zone of the scalp was subjected to the therapy.

Figure 1. Autologous cell micrograft treatment protocol elements. Necessary tool kit (A); Rigenera®

class [ medical device (B); five micrograft biopsies from the skin behind the ear (C).

2.4. Clinical Evaluation of Hair Growih

To evaluate the effects of the treatment, pictures of the patient’s scalps were taken
before and six months after the treatment session. The pre- and post-treatment images
were taken in the same room, under similar lighting conditions, and with patients in the
same head position. Four dermatology specialists independently evaluated the pre- and
post-treatment images using the VAS scale. Additionally, following the treatment, the
principal researcher recorded the patients on the Ludwig scale.

2.5. Statistical Analysis

The data analyses were performed using SigmaPlot version 14.5 (Systat, Software
Inc., San Jose, CA, USA). The distribution of data was verified using the Shapiro-Wilk
test. Variables with normal distributions were presented as mean + standard deviation
(5D) and those without normal distribution were presented as medians with interquartile
range (IQR). To investigate differences before and after treatment, paired {-tests or Wilcoxon
signed-rank tests were utilized according to the distribution of the variables. Associations
between baseline clinical characteristics and clinical outcomes were further evaluated by
calculating Spearman correlation coefficients.

3. Results
3.1. Baseline Characteristics of Study Patients

A total of 23 patients were female, with a mean (SD) age of 40.1 (12) years. The
distribution according to Ludwig classification showed type I at 60.9%, type Il at 30.4%, and
type III at 8.8%. At the beginning of the study, we conducted laboratory tests in patients
diagnosed with AGA. The baseline characteristics of study patients are presented in Table 1.
Test results of eligible patients showed that ferritin and iron levels were closer to the lower
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limit of normal. Thyroid-stimulating hormone (TSH) levels were consistent with endocrine
gynecological standards in all patients. Analysis of sex hormones showed that the patients
did not have abnormally elevated levels of DHT, dehydroepiandrosterone sulfate (DHEA-
S), androstenedione, and testosterone, while the sex hormone-binding globulin (SHGB)
concentration was at the upper limit of normal.

Table 1. Baseline characteristics of study patients.

Variable Format Value Min-Max Value
Age Mean (SD) 40.1 (12) 25.0-68.0
Vitamin D3 (ng/mL) Mean (SD) 38.4(19) 8.00-81.0
Vitamin B12 (pg/mL) Median (IQR) 260 (181) 123-763
Ferritin (ug/L) Median (IQR) 43.0 (47) 8.00-261
Tron (ng/dL) Median (IQR) 204 (39) 7.00-113
Folic acid (ng/mL) Median (IQR) 5.40 (4.5) 3.00-68.0
TSH (uIU/mL) Median (IQR) 1.41 (1.0) 0.00-3.00
Anti-TPO (IU/mL) No. over/under norm * 1/22 N/A
Anti-TG (IU/mL) No. over/under norm ¥ 1/22 N/A
SHBG (nmol/L) Median (IQR) 85.4 (112) 22.0-322
ACTH (pg/mL) Median (IQR) 9.64 (6.9) 1.00-35.0
Cortisol (ug/L) Median (IQR) 11.4 (10) 3.00-35.0
DHEA-S (png/dL) Mean (SD) 131 (91) 1.00-346
Prolactin (ng/mL) Median (IQR) 5.84 (8.5) 2.00-26.0
Androstenedione
s Mean (SD) 1.43 (1) 0.00-4.00
Testosterone (ng/mL) Median (IQR) 0.30 (3.36) 0.00-56.0
Hb (g/dL) Mean (SD) 13.3 (0.9) 11.0-14.0
17 0-
hydroxyprogesterone Median (IQR) 0.59 (0.4) 0.00-2.00
(ng/mL)
DHT (pg/mL) Median (IQR) 134 (118) 22.0-409
ANA No. positive/negative 7/16 N/A
Ludwig scale score 1/2/3 7/14/2 N/A

f norm is up to 35 TU/mL; ¥ norm is up to 40 TU/mL. ACTH, adrenocorticotropin; ANA; anti-nuclear antibodies,
Anti-TG, antithyroglobulin antibodies; Anti-TPO, anti-thyroid peroxidase antibodies; DHEA-S, dehydroepiandros-
terone sulfate; DHT, dihydrotestosterone; Hb, hemoglobin; N/A, not applicable; SHGB, sex hormone-binding
globulin; TSH, thyroid-stimulating hormone.

3.2. Evaluation of ACM Treatment Effectiveness

Patients’ scalp photos (Figure 2) before and six months after therapy with HFSCs were
evaluated by four independent specialists. This assessment showed significant improve-
ment based on the VAS scale (Table 2), with an average increase of 1.5 points. After ACM,
there was an average improvement of 1 degree on the Ludwig scale. Both Ludwig scale
scores and mean VAS scores showed significant differences after treatment as depicted in
Figure 3.

Table 2. VAS scoring results.

Variable Format After p Value * Value
Specialist 1 5(2) 7(2) <0.001 401 (12)
Specialist 2 6(2.5) 8(25) <0.001 38.4 (19)
Specialist 3 5(2.5) 7(2) <0.001 260 (181)
Specialist 4 5(2) 7(2) <0.001 43.0 (47)

¥ paired t-test; values are medians (IQR).
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Patient 2 Paﬁent1

Patient 3

Figure 2. Photographs of sample patients with AGA pre- and post-ACM treatment. Patient 1. A
47-year-old female with AGA classified as having stage-2 vertex balding according to the Ludwig
scale. Photo before therapy with widening of the central parting. Photo six months after ACM showing
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improvement in the quantity as well as quality of hair in the central part of scalp. Patient 2. A
26-year-old female with AGA classified as having stage-1 vertex balding according to the Ludwig
scale. Photo before therapy with noticeable thinning of hair on the top of the head with the normal
frontal hairline maintained. Photo after six months after ACM shows an improvement in hair density
over the top of the scalp. Patient 3. A 39-year-old female with AGA classified as having stage-2 in
the Ludwig scale. Photo before therapy with widening of the central parting. Photo six months after
ACM showing improvement in the quantity as well as quality of hair in the central part of the scalp.
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Baseline After ACM Baseline After ACM

Figure 3. Clinical evaluation of treatment with ACM. Mean Ludwig score (A) and mean VAS score
from all four specialists (B). In plot (A), the bars are 1st and 3rd quartile, the dot represents median,
and the asterisk (*) indicates a p-value of <0.05 from the Wilcoxon signed-rank test. In plot (B), the dot
represents mean, bars represent standard deviation, and the asterisk (*) indicates a p-value of <0.05

from the paired ¢-test.

3.3. Associations between Outcomes and Baseline Characteristics

The association between the initial blood parameters and clinical outcomes was eval-
uated based on a calculation of the Spearman correlation coefficients (Figure 4). Upon
assessment by half of the specialists, delta VAS scores showed a moderate negative correla-
tion with baseline ferritin concentration and a positive correlation with iron concentration;
however, this correlation was not significant when considering the mean delta VAS score.
Among sex hormones, the mean better outcomes were associated with higher initial levels
of SHGB and 17-hydroxyprogesterone. Neither testosterone nor DHT showed a significant
correlation with VAS scores.
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Figure 4. Correlations between changes in VAS score after treatment and baseline clinical char-
acteristics of patients (A-I). In blue, * p < 0.05 is highlighted. Spearman correlation coefficient r
for average delta VAS scores (average VAS score after-average VAS score before treatment) for
individual independent specialists and mean delta from all specialists. Abbreviations: 17«-OHP, 17x-
hydroxyprogesterone DHEA-S, dehydroepiandrosterone sulfate; DHT, dihydrotestosterone; SHGB,
sex hormone-binding globulin; TSH, thyroid-stimulating hormone.

4. Discussion

The existing literature on the treatment of female AGA with HFSCs is sparse. In a
recent systematic review we conducted, we gathered all available studies pertaining to the
use of autologous stem cells of various origins in the treatment of AGA [21]. The use of
stem cells in alopecia treatment is a topic of significant interest, yet it remains relatively
novel and requires further research. The effectiveness of the ACM treatment with the
Regenera® medical device is supported by available evidence, including studies conducted
by Gentile et al. [22,36]. In one study, 11 patients showed a 29% =+ 5% increase in hair
density in the treated area at the 23-week follow-up, compared to less than 1% in the
placebo area [36]. In another study, the treated area experienced an average increase of 18.0
hairs compared to baseline after the ACMs were used three times at 45-day intervals [22].
The study by Zari et al., involving 140 patients (113 of whom were female) showed that a
single session with Regenera Activa® resulted in an increase in hair density ranging from
4.5 to 7.12 hairs/cm? after six months [23]. The treatment of AGA with HECSs obtained
from autologous micrografts through Regenera® micrografting technology was further
evidenced by Ruiz et al. [37]. The study involved 100 patients (both male and female) with
measurements of hair density with TrichoScan® two months after the procedure and scalp
dermoscopic analysis after four and six months.

Our study further confirmed the effectiveness of the ACM therapy for female patients
with AGA. To evaluate the treatment effectiveness, we relied on the VAS scale scores of
pre- and post-therapy photos. This approach considers the real cosmetic effect, which is
the most significant change as perceived by the patient. Using patient scalp photos as a
method for assessing treatment effects might not appear accurate. However, in our opinion,
this approach is the most indicative of clinical condition, and it translates directly into the
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well-being and self-esteem of our patients. The value of photography-based assessment
as a measure of visibly significant results was also highlighted in a systematic review and
meta-analysis of the effectiveness of AGA treatments [38].

Our secondary aim was to explore the association between the serological charac-
teristics of patients and treatment outcomes. We observed that a higher initial SHGB
concentration correlated with a more significant improvement in AGA, as assessed by
dermatology specialists. SHGB is a circulating glycoprotein important for transporting
sex hormones and regulating their bioavailability [39]. In humans, the role of SHGB is to
protect against excess endogenous and exogenic steroids by combining with them [40].
Among female patients, Chen et al. found that low-serum SHGB correlated negatively with
AGA severity [41]. Taken together with our observation, this seems to confirm SHGB’s
crucial involvement in the presentation of AGA in women.

We did not find any significant deviation in DHT concentrations in our study group,
suggesting that AGA may not be dependent on DHT levels. Conflicting evidence exists
regarding DHT levels in AGA patients, while Urysiak-Czubatka et al. [42] found no sta-
tistically significant difference in DHT levels in patients with AGA compared to healthy
controls in a mixed-gender study, suggesting that genetically determined, individualized
sensitivity to androgens plays a crucial role in AGA presentation. Zhang et al. reported an
increased concentration of DHT in males and a correlation between DHT levels and the
curative effect of finasteride [43]. After ACM treatment, we found no association between
baseline DHT concentrations and treatment outcomes. This suggests potential sex-based
differences that could underlie the degree of therapy effectiveness.

Our study exclusively included women, which did not allow us to stratify the analysis
by gender. There are differences between male and female patterns of AGA. The condition
is more prevalent in men than in women as it affects about 80% of men and about 50%
of women. It typically manifests at an earlier age in men, often beginning in the late
teens to early twenties and progressing gradually. Female AGA may onset later, usually
after menopause, and its progression can be more variable. In men, the frontal hairline
often significantly recedes, forming an “M" shape, while women typically maintain their
frontal hairline, and the thinning is more evenly distributed [44,45]. Some hormonal
factors can contribute to the picture and pathogenesis of male and female patterns of
AGA. In men, AGA is primarily associated with dihydrotestosterone, a byproduct of
testosterone, while in women, hormonal fluctuations, including changes in androgens,
may contribute to AGA. Nevertheless, the study by Urysiak-Czubatka et al. [42] on the
differences in dihydrotestosterone concentration between men and women with AGA
yielded inconclusive results, emphasizing the genetically determined sensitivity of the
follicles to dihydrotestosterone. This variable sensitivity may be responsible for the diverse
reactions to androgens.

Treatment options vary between men and women. Specifically, oral testosterone and
its derivatives are not recommended for women, especially those of reproductive age, who
may be pregnant or planning to conceive [14,45]. Stem cell therapy and ACM are novel
techniques. While some studies have shown promising results, offering substantial benefits
to patients, the long-term efficacy is still awaiting confirmation. The study conducted by
Zari et al. [23] employed ACMs to treat AGA in both men and women, with a total of
113 female and 27 male participants. Statistically significant improvements were observed
in women, particularly in terms of hair density and hair shaft thickness. Specifically,
women experienced significant enhancement in hair density in the temporal and occipital
scalp regions, while men noted significant improvement in the frontal scalp region. These
findings align with the natural course of the disease, demonstrating improvement in the
areas most affected in both men and women [44,45]. Considering the pattern of hair loss,
Alvarez et al. [29] administered ACM injections in various areas of the scalp in men and
women. Their study included 17 participants, of whom eight were women aged between 21
and 58 years. Since this was a descriptive study, the authors concluded that all participants
were satisfied with the treatment, noting improvements primarily in thickness and hair loss.
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Moreover, ACM was well-tolerated with no reported side effects. On the contrary, Gentile
etal. [36] exclusively studied a male population. They observed a notable increase in hair
density by 29% =+ 5% in the treated areas compared to less than 1% in the untreated areas.
These findings could suggest that there may be no difference in effectiveness between male
and female patterns of AGA.

Over-secretion of adrenal androgens can result from enzyme deficiencies in the biosyn-
thesis of cortisol. Approximately 2% of hyperandrogenic patients present with late adrenal
hyperplasia (LOAH) characterized by a lack of 21-hydroxylase [46]. All patients included
in our study had levels of 17a-hydroxyprogesterone within the normal range, ruling
out hyperandrogenism as the cause of AGA. We noted a positive correlation between
17 -hydroxyprogesterone concentrations and clinical outcomes as assessed by specialists;
however, further studies are needed to elucidate the causes of this association.

SC therapies present a novel and promising approach to treating hair loss. Current
treatments of AGA often fail to meet the expectations of patients and medical professionals,
so there is a substantial demand for new therapies, particularly for individuals with
contraindications to standard methods. Our study demonstrated the curative effect of
ACM therapy, utilizing the Regenera® procedure.

There were some limitations that should be considered when interpreting the results
of our study, one of which was a limited sample size. Furthermore, we did not have access
to the technology needed to perform hair evaluation using trichoscopy equipment and
hair mapping programs. In the future, we would like to expand our study to include a
comparison with one of the FDA-approved treatments. Presently, the FDA endorses the
use of two drugs, minoxidil and finasteride, as well as treatment with low-level light/laser
therapy devices. The effectiveness of these treatments, compared to placebo, was supported
in a recent meta-analysis [38]. Despite the growing interest in alternative therapies, such
as the use of growth factors or SCs, there is a scarcity of data on the performance of these
strategies relative to the more prevalent forms of treatment. Undoubtedly, the SC-based
treatment has some advantages, such as convenience for the patients. The ACM treatment
does not face challenges in achieving high compliance, as is the case with oral or topical
drugs [47]. Over the course of our study, no adverse effects were reported by the patients.
However, there are also some drawbacks. The ACM procedure incurs a significant one-time
cost to the patients, and, moreover, the method has not yet been standardized. Nonetheless,
the use of the Regenera Activa® device appears to be a promising AGA therapy to explore
further, both as a standalone procedure and in conjunction with classical treatments.

5. Conclusions

Given the limited treatment options for AGA, there is an increasing demand for al-
ternative therapies that demonstrate acceptable performance levels. This study provides
valuable insights into the potential of ACM therapy for AGA and underscores the impor-
tance of continued exploration and refinement of the ACM procedure. Our study on the
ACM procedure revealed it to be both safe and effective, yielding satisfying results six
months after a single treatment session. However, the absence of a standardized proce-
dure highlights the need for further research. Future investigations should aim to gather
evidence that enables the development of a cost-effective approach while minimizing
treatment burden and costs for patients. Additionally, long-term studies are required to
evaluate the sustained effectiveness of the ACM procedure over time.
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Abstract: Background: The study aimed to examine the impact of stem cell treatment on quality of life
{(QoL) and sexual functioning in women with androgenetic alopecia (AGA). Methods: Twenty-three
‘women tinderwent a single session of autologous cellular micrografts (ACMs). The World Health
Organization Quality of Life Brief Version (WHOQOL-BREF) and Female Sexual Function Index
(FSFI) were used before and after 6 months. Results: The AGA severity decreased by an average
of 1 peint on the Ludwig scale (p = 0.004) after treattment. FSFI scores indicated sexual dysfunction
in over half of the women at baseline, but they improved significantly post-treatment for arousal
[median (IQR): 4.8 (1.5) vs. 5.10(0.9); p = 0.035] and satisfaction [4.4 (1.4) vs. 4.8 (1.8); p= 0.025]. QoL
scores improved after treatment in psychological health (57,96 £ 19.0 vs. 69.35 & 14.0; p = 0.031)
and environment (7296 £ 13.4 vs, §1.09 & 12.6; p = 0.007), but not in physical health and social
relationships. No associations were fotind between the WHOQOL-BREF or F5F] domains versuis age
and AGA severity. Concusions: AGA reduces QoL and impacts sexual functioning in women with
AGA, The high treatment burden arises from the chronic and progressive nature of AGA, coupled
with limited treatment effectiveness. Effective treatments for AGA, like ACM, ar urgently needed to
enhance patient-reported outcomes along with clinical results,

Keywords: stem cell therapy; regenerative therapy; androgenetic alopeda; quality of life; female
sexiial function

1. Introduction

Androgenetic alopecia (AGA) is a condition characterized by gradual and ongoing
hair loss with an unpredictable pattern of progression [1]. A female pattern of hair loss can
cause various psychological problems that reduce quality of life. The loss of self-confidence
and decreases in self-esteem are common reactions to hair loss, especially in women [2]. The
World Health Organization (WHO) explains that quality of life is a subjective assessment
of the perception of reality through the lens of culture and the value system observed by
its targets [34]. In European culture, physical appearance is highly valued, which is why
AGA is such a significant problem [5].

In several studies, alopecia has been shown to have a psychosocial impact on both men
and women, but the effects can be more severe and devastating on women [6]. Concerning
the male population, the disease affects social functioning and emotional well-being, with
pronounced detrimental effects observed among young men [7]. Camachoet al. [5] deduced
that depression in the course of AGA was more common in women than in men and was
most often described as a “minor”. Moreover, Russo et al [Y] concluded that women with
AGA are characterized by greater social anxiety and social phobia compared to men with
this disease. AGA is usually considered a benign process, mainly cosmetic, but numerous
studies confirm that AGA can be a complication and manifestation of underlying sy stemic
diseases, which further increases the patient’s aniety [10]. Gonul et al. [2] examined and
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compared the quality of life in patients with AGA and alopecia areata using the Hairdex,
an instrument developed to assess the quality of life in patients with hair loss. The results
are vary interesting and surprising, becanse, among people with AGA, hair loss had a
mome adverse impact on their emotions, functioning, and symptoms, compared to those
with alopecia areata. A similar study was conducted by Junet al. [11], who used the Hair
Specific Skindex-29 to examine quality of life in patients with AGA and alopecia areata,
identifying risk factors associated with its deterioration. Patients with AGA were more
likely to report a symptomatic decline in quality of life (p = 0.033), while patients with
alopecia areata showed significantly worse functional quality of life than AGA patients
{(p=0.013).

Hair has been a significant aspect of identity and image for decades, holding socio-
logical and psychological importance for a person’s appearance and personality [12,13]).
Sexual health encompasses the physical, emotional, and mental well-being associated with
sexuality, while impaired sexual health may have a significant impact on quality of life [14].
Sexual functions are closely linked to other aspects of behavior and cannot be considered
independent phenomena. Sexuality has attracted considerable attention throughout human
civilization and exerts a significant impact on people’s quality of life [15,15]. Quality of life
and sexual health are multidimensional and share a bidirectional relationship.

AGA is a hair loss disorder mediated by dihydrotestosterone, which induces the
miniaturization of hair follicles and transforms the final hair into vellus hair [16]. The
pathogenesis of this condition also involves oxidative stress and microinflammation occur-
ring around the hair follicles [17]. In women with AGA, hair loss can manifest clinically
in a variety of ways. The two most common patterns are diffuse hair loss in the central
front and posterior regions (Ludwig ty pe—severity is evaluated on the Ludwig scale in
three steps) or hair loss in the central part of the front scalp (Olson type), also known as
front accentuation or “Christmas tree type” patterns [16-20]. Yu et al. [21] showed that the
way people with AGA perceive their disease has a significant impact on health outcomes of
other diseases. They also found that all patients considered alopecia to be a major concern
with a considerable emotional impact. Patients reported relatively poor control over the
disorder and its treatment, as well as a limited understanding of its course.

Minaxidil { topical administration) for female and male pattern hair loss and finasteride
{oral administration) only for male pattern hair loss are the two drugs approved by the U5,
Food and Drug Administration (FDA) for the treatment of AGA [2Z]. lamsumang et al. [23]
reviewed shudies involving oral and topical finasteride used in women. Although there are
few studies available, their analysis concluded that finasteride was effective and safe for the
treatment of female pattern hair loss. However, larger studies are needed to further validate
these findings. The literature reports on the efficacy and safety of numerous other therapies,
including platelet-rich plasma, dutasteride {systemic administration) {not approved by the
FDA for alopecia), hair transplants, oral minoxidil, and low-level laser therapy [22].

Recently, regenerative medicine therapies have been gaining popularity. The goal of
regenerative medicine is to restore the normal function of cells and organs by replacing
and regenerating damaged cells or organs. Stem cells, cytokines, growth factors from either
stem cells or hematopoietic tissues, and gene therapies are used for this purpose. Stem cells
possess unique abilities such as self-renewal and the ability toexhibit anti-inflammatory and
immunomeodulatory effects. These characteristics make them applicable in the treatment
of alopecia [24]. For the treatment of AGA, most reports focus on adipose-derived stem
cells and hair follicle stem cells, while only a few studies are available on the use of bone
marrow stem cells and Wharton's jelly stem cells [25].

In this study, we aimed to investigate whether the stem cell freatment of AGA affects
quality of life and sex life. Additionally, we sought to examine the correlation between
sexual functioning and the quality of life among women with AGA after treatment.
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2. Materials and Methods
2.1. Participants

This study was conducted through face-to-face surveys at the Clinic of Dermatology,
Venerology and Allergology of Wroclaw Medical University, during which, participants
completed questionnaires. Twenty-three female patients aged bebween 18 and 65 (mean
40 + 12) years and diagnosed with AGA were included in the study.

Inclusion criteria were determined through clinical examination by dermatologists
and assessed using the Ludwig scale. The distribution of the patients according to Lud-
wig's female pattern hair loss classification showed that patients were classified as follows:
Grade F—60.9%; Grade [I—30.4%; and Grade I[[I—8.8%. The primary exclusion criteria for
this study included immunoesuppression, cancer, severe chronic disease, pregnancy, breast-
feeding, age under 18 years, hormonal contraception, hy perprolactinemia, hy pothy roidism,
active inflammation of the scalp, coagulation disorders, lignocaine allergy, and unstable
emotional state. Pabients with a positive antinuclear antibody (ANA) 3 test were also
excluded. Additionally, patients who had received oral (finasteride, dutasteride, minoxddil,
antiandrogens) or topical (minoxidil, prostaglandin analogs, corticosteroids) AGA-targeted
treatment in the past 6 months were excluded. The study did not include patients who
had used medical devices such as low-level laser therapy or undergone procedures such as
platelet-rich plasma injections or micro-needling,

The patients received a single session of autologous cellular micrografting (ACM)
obtained with the Regemrahcﬁva@ device (Human Brain Wave SRL, Turin, Italy). Before
and 6 months after the therapy, all participants completed bwo questionnaires: the World
Health Organization Quality of Life Brief Version (WHOQOL-BREF) and the Female Sexual
Function Index (FSFI}. We used validated Polish versions of the FSFI and WHOQOL-
BREF questionnaires. Both the FSFI and WHOQOL-BREF have a 4-week recall period.
All participants provided written, informed consent prior to the enrollment and received
instructions on how to complete the study questionnaires. The sthudy was approved by
the Bioethics Committee of Wroclaw Medical University (KB-1074/2021, approval date:
3 January 2022).

2.2. ACM Proceduire

Under local anesthesia, five 2.5 mm diameter punch biopsies werne collected from the
scalp skin behind the patient’s ear. The collected samples were placed in medical devices
{(Class I, Rigneracons CE certified; Human Brain Wave SRL, Turin, Italy) and coated with
2 mL of sterile physiological solution. Then, the cell suspension was produced by turning
the Rigeneracons at 80 RPM for 2 min. The suspension was then diluted with an additional
2 mL of sterile physiclogical solution. The resulting solution was injected into the scalp
hair area using a 1 mL syringe and 30 mm needles. A volume of 0.1 mL was injected per
point, with about 1 cm intervals between the needles.

2.3. Instruments
2.3.1. World Health Organization Cuality of Life Brief Version (WHOQOL-BREF)

The WHOQOL-BREF [25,27] is a self-report questionnaire that assesses quality of
life in four domains: physical health (7 elements), psychological health (6 elements),
social relationships (3 elements), and environment (8 elements). Each item is scored on a
1-5 Likert scale. After collecting filled questionnaires, the domain scores were fransformed
to a scale of 0 to 100, where higher scores indicate a higher quality of life. The recall period
for this questionnaire is 4 weeks.

2.3.2, Female Sexual Function Index (FSFI)

The F5F1 is a 19-element measure, composed of six different areas of female sexual
function, namely: desire (2 items), arousal {4 items), lubrication (4 ilems}, orgasm (3 items),
satisfaction (3 items), and pain (3 items). Total FSFI scores range from 2 (lowest possible
score} to 36 (highest score) [28]. This scale is widely used as both a screening and outcome
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measurement tool for femalke sexual function, with a 4-week recall period [29]. The FSFI
has a clinical cutoff score of 26.55 points total, as proposed by Wiegel et al. [30]. This
score currently serves as the clinical standard for differentiating between patients with
and without sexual dysfunction. In individual domains, scores below the median were
considered indicative of dysfunction for that particular domain, ie., for desire < 3.6,
for arousal < 4.8, for lubrication < 5.1, for orgasm < 4.4, for satisfaction < 4.4, and for
pain < 5.6,

24 Data Analysis

Variables with normal distributions were presented as mean + standard deviation
{SD), and those without normal distribution were presented as medians with the interquar-
tile range (IQR) in parentheses. Box plots were used to illustrate the distribution of different
domains of the WHOQOL-BREF and FSFI among patients. To investigate the differences
in patients before and after treatment, paired t-tests (for WHOQOL-BREF domains) or
Wilcoxon signed rank tests (for FSFI domains) were performed depending on the distri-
bution of the variables, which was checked with the Shapire-Wilk test. The correlation
between WHOQOL-BREF and FSFI was assessed with Spearman’s correlation coefficients.
The effect size was calculated as described by Cohen [31]. For variables that underwent
a paired f-test with Cohen's d statistic, d = (M; — Mg]fSDthd, where M and M, are
the means of the compared groups and Smeled is a pooled standard deviation of the two
groups (SDpoueg = 4/[(50,* + 5D;7) /2] For variables that underwent Wilcoxon signed
rank tests, effect size was calculated with r, defined asr =2/ /n, where z is a z-score and n
is a sum of the grouped sizes. All calculations were performed using SigmaPlot 14.5 (Systat,
Software Inc.,, San Jose, CA, USA).

3. Results

The results included data from all 23 patients with AGA. Table 1 presents the character-
istics of the study patients. Following the ACM treatment, the severity of AGA significantly
decreased by an average of 1 point on the Ludwig scale (p = 0.004). We did not detect any
association between the WHOQOL-BREF or FSFI domains and age or AGA severity.

Table 1. Age and androgenetic alopecia severity in patients.

Age N Mean (SD)
<30 years 9 25(2)
=30 years 14 47 (10)
Aeulcopmnatic slopeels N Before N After
severity
Ludwig score 1 7 15
Ludwig score 2 14 7
Ludwig scome 3 2 1

Before treatment, 11 patients had scores below 26.55, indicating sexual dysfunction,
and this number decreased to 6 patients with sexual dysfunction after & months following
the ACM session. At baseline, the majority of the patients experienced sexual dysfunction
in specific domains, with 65% of patients reporting below the median for desire and arousal,
61% below the median in lubrication and pain, and 57% below the median with regard
to orgasm and satisfaction. The FSFI results are summarized in Figure 1. After ACM
treatment, patients reported significantly higher arousal with a median of 4.8 (1.5) before
and 5.10 {0.9) after treatment (p = 0.035, effect size r= —0.31, indicating medium effect), as
well as satisfaction with a median of 4.4 (1.4) before and 4.8 (1.8) after treatment (p = 0.025,
effect size r = —0.324) as measured by the FSFL The total FSFI score, as well as the desire,
lubrication, orgasm, and pain indexes, did not differ significantly between study points.

46



Hemlfhoare 2024,12, 608

Sofll

As- Caoq
— " "
L = v =i 30 :

s - = Lr 233
IS 5 el N iy Sl
Badl =2 b o, 2 20 é ===

27 104
04 -e " w T o4 -
Bassling Aller ACM Baseline ANer ACM  Baseling Aller ACM “Basaine After ACM

Desire Arousal Lubrication Total FSFI

B
%
G‘_ ol L L - - Sk I

- - "o . 7 l
@ -a - [t} e -a f
8 a{ . ] e i " %

- LA — - e —-—

- L

2 -
[ ]
Q- - - - -8
Baaaline Afer ACM Baseline Aftar ACM  Baseline After ACM
Orgasm Satisfaction Pain

Figure 1. Female Sexual Satisfaction Index scores. Domains (4,B) and total score (C) * p < 0.05
values from Wilcoxon Signed Rank test; ACM, autologous cellular microgra ft proced ure.

Among the WHOQOL-BREF domains (summarized in Figure 2), the AGA patients
reported the lowest quality of life in the physical health domain. The assessment with
WHOQOL-BREF showed that & months after the ACM procedure, the patients experienced
higher quality of life in psychological health {mean before 57.96 + 19.0 vs. mean after
69.35 + 14.0; p = 0.031, the effect size measured by Cohen's d was d = 0.68, indicating a
medium effect) and environment {mean before 72,96 &+ 13.4 vs. mean after 81.09 + 12.6;
p=0.007, Cohen's d was (1L.63). There were no significant changes in reported physical
health and social relationships.
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Figure 2. WHOQOL-BREF scores. *p = (.05 from two-tailed # test; ACM, autologous cellular
micrograft procedtire.

The analysis of correlations between WHOQOL-BREF scores and FSFI results revealed
that, across all domains, overall quality of life and sexual health were moderately to
strongly positively correlated (Table 2). The strongest associations (above 0.7 Spearman’s
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tho) were found between FSFl arousal and social relationships and FSFI satisfaction and
social relationships.

Table 2. Correlations between sexual health and quality and life domains

Physical Health p“ﬂ‘:]]‘r“"l hm'hlps Environment
Desire 0.26 046 0.56% 0.28
Arousal 053+ 048+ VAR 052+
Lubrication 0.344 055+ 0,60+ 047+
Orgasm 048+ 047 * .63+ 040+
Satisfaction 054+ 046 * 076+ 035+
Pain 033+ 052+ 0.59+ D44+

Shown are Spearman’s correlation coefficents. * p< 0,05, ** p < Q00L

4. Discussion

Our analyses indicated that femmale patients with AGA had a reduced quality of life in
the physical health domain, which, however, was not dependent on ACM treatment. The
applied therapy significantly improved patients’ quality of life in the mental health and
environmental domains.

Researchers emphasize that women with AGA experience reduced quality of life, a
finding consistent with our study. Moorthy et al. [32] also employed the WHO-BREF scale
to assess quality of life, using a similar approach employed in our study. Additionally, they
used the Hairdex questionnaire, a hair- and scalp-specific measurement tool designed to
assess the specific effects of hair loss on the quality of life of patients. This questionnaire
consists of 48 items categorized into five domains: symptoms, functions, emotions, self-
confidence, and stigma. Their study included 170 patients with AGA of both sexes. The
study found that in women under 30, the physical health and mental health domains
were most impaired. Among singles, the symptom and emotion domains were affected,
while those with less education exhibited impairment in all domains except physical health
Another study conducted by Reid et al. [33] discovered that patients often view their
hair loss as more distressing in terms of quality of life than dermatologists perceive it to
be. While physician and patient ratings of clinical severity align, the study found that
clinical severity alone does not predict the impact of the disease on a patient’s quality
of life, hence the importance of employing additional validated tools to assess quality of
life and using advanced devices to monitor disease progression. In a recent systematic
review, Aukerman and Jafferany [5] investigated the psychosocial consequences of AGA
and concluded that female patients experience severe dissatisfaction with their hair, leading
to a decline in overall body image. Furthermore, dissatisfaction with one’s body image
significantly contributes to reduced desire and arousal [34]. In the present study, desire
was the most affected area of sexual function at baseline, and it did not improve after
therapy. However, we observed significant improvements in the domains of arousal and
satisfaction, suggesting that ACM treatment has a positive effect on the sexual health of
female AGA patients. These bwo FSFI domains exhibited the strongest association with the
social relationships domain of WHOQOL-BEEF. The latter did show some improvement
after ACM treatment, although it was not statistically significant. Van der Donk et al [35],
based on their study on a group of 58 women, concluded that women with AGA often
feel less attractive. Positive perceptions of one's attractiveness are associated with higher
sexual satisfaction, higher sexual frequency, and more sexual partners [35]. Improving AGA
through treatment and enhancing patients’ appearance can boost their self-esteem, thereby
influencing their sex lives. Our analysis of the associations between sexual health scores
and quality of life indices also suggests that improvements in physical, and psychological
health, as well as social relationships and environmental factors, are all linked with better
sexual function. Biondo et al. [37], similarly to Reid et al. [33], hy pothesized that women
with AGA often rate their condition as more severe than their physicians do. However,
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their study, which examined disparities in perceplions of hair loss severity between patients
and clinicians, revealed that women seeking treatment for AGA often underestimate the
severity of their disease. Therefore, the findings of Biondo et al. suggest that it can
be worthwhile to raise awareness among patients about alopecia and initiate effective
treatment, as untreated AGA can progress and negatively affect both quality of life and
sexual function. Tas et al [35] used the ASEX scale, a tool designed to assess the sexual
functioning of patients with AGA according to the severity of the disease. This scale
assesses five domains: drive, arousal, penile erection/vaginal lubrication, ability to reach
orgasm, and orgasmic satisfacion. Their analysis showed that the likelihood of patients
developing psychosexual disorders increases with disease progmssion. Consequently,
patients with AGA, especially those in advanced stages, should be referred to psychological
or sexology counseling. While mental status becomes improved, the pain domain of the
FSFI does not change in response to AGA treatment. Dyspareunia, defined as pain during
sexual intercourse, has a complex etiology [39]. Leeners et al. [40] showed that dyspareunia
often occurs alongside other psychiatric disorders, with depression being the most common.
Depression is an illness frequently associated with AGA, implying a possible overlap of
these conditions within our study group.

The availability of studies examining the effect of a specific therapeutic method in
relation to the quality of life in women with AGA is limited. While most studies have
focused on quality of life in the AGA population, it seems interesting to explore the impact
of specific treatments on both quality of life and sexual functioning. Due to limited FDA-
approved treatments, experimental and off-label treatments are commonly explored for
this condition.

Pharmacotherapy is often used for treating AGA in women; however, many of the
agents have not been approved by the FDA for this specific indication. Zhuang et al. [41]
conducted a study involving 31 patients diagnosed with AGA to assess the impact on
quality of life and clinical improvement after 12 months of using 2% topical minoddil.
used the Visual Analog Scale (VAS) and the Dermatologic Quality of Life Index (DLOT).
The results indicated that hair loss is significantly associated with a reduced quality of life,
and the use of topical minoxidil was observed to improve this condition. In another study,
Yamazaki et al. [42] investigated how 1 mg of oral finasteride taken for 6 months affected
the quality of life of 27 men with AGA aged between 19 and 76 years. They used WHOQOL-
BREE the DLQI, the State-Trait Amodety Inventory (STAI), and VAS scales. The comparison
of WHOQOL-BREF scores before and after the administration of 1 mg of finasteride
showed an overall improvement in the quality of life in the study group, although the
improvement in individual domains was not statistically significant. It is worth noting that
while finasteride treatment is well established in men, only a small number of studies focus
on the use of 5 a-reductase inhibitors in female pattern hair loss, which is considered as an
off-label treatment. Seale et al. [43] emphasized the potential side effects that 5 a-reductase
inhibitors may cause in women when used as an oral treatment for female pattern hair loss
and frontal fibrosing alopecia. However, the frequency of sexual function impairment after
the administration of dutasteride or finasteride in the identified studies varied. Two studies
reported that the daily administration of 5 mg of finasteride contributed to treatment
discontinuation due to decreased libido. The occurrence of post-finasteride syndrome in
women was not determined in that review. However, post-finasteride syndrome, which
includes, among other adverse side effects, sexual dysfunction secondary to 5 a-reductase
inhibitors, is well described among male patients and includes the loss of libido and
erectile dysfunction [44]. Although finasteride is not yet FDA-approved for female patients,
its potential as an alternative treatment is being considered [23]. To date, the limited
data available seem to indicate very few side effects of 5 a-reductase inhibitors on sexual
function in women [43]. To our knowledge, there are no published studies evaluating
the effect of AGA treatment on women's sexual functioning, and the available data on
the association of AGA and impaired sexual funchon are contradictory. Sancak et al. [14]
evaluated the correlations between female sexual dysfunction and AGA in premenopausal

49



Hemlfhoare 2024,12, 608

8ofll

women, finding that the presence of AGA significantly impaired their sexual function.
Conversely, Eyada et al. [45] found no correlation between the incidence of sexual function
impairment and AGA.

Topical preparations for AGA are characterized by a lower frequency of side effects,
but their high treatment burden limits patient adherence and, consequently, effectiveness. In
a study by Zac and da Costa [46], quality of life, treatment satisfaction, and dermatoscopic
criteria were evaluated among female patients with AGA undergoing treatment with
topical 5% minoxidil The study concluded that treatment with 5% minoxidil had positive
peychological benefits. Interestingly, patient satisfaction and quality of life were not found
to be related to age, alopecia severity, or hair shaft reduction per follicle unit. Another
study conducted by Moorthy et al. [32] on 170 women with AGA showed that female
AGA was associated with significantly reduced quality of life, particularly among young,
less educated, and single women. This suggests that the potential benefits of treatment
could be age-dependent. In our analysis, we considered the association between age
and found no correlation between improvements in quality of life after treatment with
hair follicle stem cells and the age of the patients. Vastarella et al. [47] retrospectively
studied the effect of oral minexidil at a dose of 0.5 mg to 2 mg daily in women diagnosed
with AGA. The study group consisted of 12 women with AGA (Ludwig scale F3-III)
with a mean age of 36.7 £ 18.8 years. The Women with Androgenetic Alopecia Quality of
Life Questionnaire (WA A-QoL) was used to assess quality of life, showing a statistically
significant improvement after 24 weeks compared to baseline. The median WAA-QoL score
was 70.33 at baseline and decreased to 25.58 at 24 weeks (p < 0.01).

There are only a few studies that have irvestigated quality of life among women with
AGA treated with platelet-rich plasma. Meyers et al. [48] conducted a study examining the
effect of platelet-rich plasma treatments on the quality of life of 92 female and male patients
with pattern hair loss. Using the Hairdex 48 scale, they found that this type of treatment
is effective in improving the overall quality of life. The study also revealed a decrease in
the domains of symptoms, emotions, and functioning, with improvements demonstrated
in the domains of stigma and self-confidence. A study conducted by Bruce et al [49]
was a randomized, controlled pilot trial investigating the efficacy of platelet-rich plasma
in comparison to topical minoxidil foam for the treatment of AGA among women. The
secondary outcome of this study indluded the measurement of quality of life using a 16-item
questionnaire administered at baseline and after the 12-week reatment period. Notably, no
improvements were observed after minoxidil treatment, whereas the platelet-rich plasma
group demonstrated significant improvement in aspects such as self~consciousness about
people looking at their hair, feelings of jealousy, ability to socialize with people, and
satisfaction with overall hair appearance.

Hair transplants involve the surgical transplantation of hair follicles from a donor area,
typically the back or sides of the scalp, to areas with hair loss. This procedure is invasive
and expensive but effective, providing natural-looking results. Nilforoushzadeh et al. [50]
conducted a survey involving 35 men to assess quality of life and selfesteem before and
after hair transplant surgery. They used the Rosenberg Self-Esteem Scale (RSES) and the
DLQI and demonstrated a statistically significant difference in self-esteem and quality of
life before and after the restoration surgery. Additionally, the study revealed a statistically
significant relationship between educational achievement and quality of life. This shudy
suggests that as self-esteem improves, patients’ quality of life also improves, emphasizing
the close connection between self-esteem and a satisfying physical appearance. Xiao
et al [51] investigated health utility measures among patients with AGA after a hair
transplant. They compared 31 patients with alopecia with 237 otherwise healthy people.
After the hair transplant, the improvement in ime trade-off—a technique used to measure
the experienced quality of life for economic analy ses—was significantly greater for patients
with AGA (+0.08 & 0.12 vs. +0.02 & 0.09; p = 0.0070) and significantly more often exceeded
the minimal clinically important difference {45.2% vs. 16.9%; p = 0.000e).
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A limitation of our study is undoubtedly the small sample size and the lack of a
placebo group. A major challenge is to find women with AGA who are willing to abstain
from other types of treatment for 6 months. In the future, we aim to investigate how stem
cell therapy affects quality of life and sexual functioning in men affected by the disease. It
alzo seoms interesting to compare this therapy with others, especially with FDA-approved
drugs, in terms of their impact on quality of life. Ancther important limitation of our
study is that the quality of life of cur female patients may be affected by factors other
than AGA, which were not controlled for. We lacked sufficient information to account for
factors that could influence quality of life, such as socialized frequency and marital status.
Certainly, collaboration with psychiatrists and psychotherapists, who would be able to
professionally assess the mental state of the patients, could have ruled out other potential
causes of lowered mood or dissatisfaction with sexual life. Another limitation of our work
is the inability to interpret the interesting and surprising result of improved quality of
life in the ervironmental domain. Unforhunately, due to the lack of information about the
demographics of the patients, we wene not able to interpret its reliably. This area requires
further research.

5. Conclusions

Dermatologists need to recognize the tremendous impact that AGA has on the quality
of life and sexual functioning of women affected by the condition. The assessment of
quality of life and sexual functioning in women with AGA is increasingly important for
assessing the effects of the disease on patients and the required treatment. The chronic and
Pprogressive nature of AGA, coupled with limited treatment effectiveness, contributes to
substantial suffering for those affected. Therefore, there is a pressing need for novel and
effective treatments for AGA. Highlighting the potential advantages of a multidisciplinary
approach that includes dermatologists, endocrinologists, and psychologists, this shady
offers optimism regarding the ability of new stem cell treatments to diminish the severity of
AGA. This, in turn, holds the promise of enhancing the overall quality of life for individuals
affected by the condition.

Author Contributions: Conceptualization, K.K-T, H.C, A.F, D.N. and J.C.5; data curation, KK.-T,
H.C. and A F; formal analysis, K.K.-T. and H.C; irwestigation, KK.-T., HC. and A .F; methodology,
KK-T, D.N. and J.C.5; resources, KE-T, D.M. and J.C.5,; writing—original draft, KK.-T,, H.C and
AP; writing—rmeview and editing, K.E.-T, H.C., DM, and J.C.5. All authors have read and agreed to
the published version of the manuscript.

Funding: This study was funded by the Department of Dermatology, Veneneology, and Allergology
at Wrodaw Medical University through subsidy No SUBZ.C260.24.003,

Institutional Review Board Statement The study was conducted in accordance with the Declaration
of Helsinki and approved by the Bioethics Committee at Wroclaw Medical University (approval no.
KB-1074/ 2021, approval date: 3 January 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study

Data Availability Statement: The data that support the findings of this study are available on request
from the corresponding atithor.

Conflicts of Interest: The authors declare no canflicts of interest.

1.  Alhanshali, L.; Buontempo, M.G.; Lo Siceo, K.1; Shapiro, | Alopecia Areata: Burden of Disease, Approach to Treatment, and
Current Unmet Needs. Clin. Cosmet. Investig. Dermatol. 2023, 16, 803-820. [Crosz=Ref]

2, Gonul M,; Cemil, B.C,; Ayvaz, HH.; Cankurtaran, E.; Ergin, C.; Gurel, M.5 Comparison of quality of life in patients with
androgenetic alopecia and alopecia areata. An. Bras. Dermatol. 2018, 93, 651-658. [CrossRef] [Pubhfed)

3. Post, MW, Definitions of quality of life: What has happened and how to move on. Top. Spinal Cord Inj. Rehabil. 2014, 20, 167-180.

[CrossRef]

4. Fuhrer, M]. Subjectifying quality of life as a medical rehabilitation outcome. Disahil. Rehabl. 2000, 22, 481489, [CrossFef]

51



Henlfhaare 2024,12, 608 10a6f11

10

11

12

13

14

15,

16,

17.

18.

19

21.

27.

29,

3L

Aukerman, EL; Jafferany, M. The psychological consequences of androgenetic alopecia: A systematic review. | Cosme. Dermafol.
2023, 22, 89-95. [CrossRef]

Davis, D.S,; Callender, V.D. Review of quality of life studies in women with alopecia. Int. J. Women's Dermuatol. 2018, 4, 18-22,
[CrossRef] [PubMed]

Adamowicz, R.; Zalecki, B; Dukiel, A.; Nowicka, Dt Association between Androgenetic Alopecia and Psychosocial Disease
Burden: A Cross-Sectional Survey among Polish Men. Dermatal. Res. Pract. 2022, 2022, 1845044, [CrossEef] [PubMed]
Camacheo, EM.; Garcia-Hernandez, M. Psy chological featutes of androgenetic alopecia. J. Eur. Acad. Dermatol. Venereol. 2002, 16,
476480, [CrossRef]

Russo, PEM.; Fing, E.; Mancini, C.; Mazzetti, M.; Starace, M.; Piraccini, BM. HrQoL in hair loss-affected patients with alopecia
areata, androgenetic alopecia and telogen effluvium: The role of personality traits and psychosocial anxiety. J. Eur. Acad. Dernatol.
Venereol. 2019, 33, 608-611. [CrossRef]

Chen, 5.; Xie, X.; Zhang, G.; Zhang, Y. Comotbidities in Andtogenetic Alopecia: A Comprehensive Review. Dermatol. Ther. 2022,
12,2233 2247, [CrossRef]

Jun, M.; Keum, D.IL; Lee, 5.; Kim, B.J.; Lee, W.S Quality of Life with Alopecia Areata verstis Androgenetic Alopecia Assessed
Using Hair Specific Skindex-29. Ann. Dermatol. 2018, 30, 388-391. [CrossRef] [PubMead]

Gupta, 5.; Goyal, L; Mahendra, A. Quality of Life Asseszment in Patients with Androgenetic Alopecia. Int. | Thichology 2019, 11,
147-152. [CrossRef] [MubMed]

5idi, H.; Puteh, 5.E.; Abdullah, N.; Midin, M. The prevalence of sexual dysfunction and potential risk factors that may impair
sexual function in Malaysian women. [. Sex. Med. 2007, 4, 311-321. [CrossRef]

Sancak, E.B; Ogue, 5.; Akbulut, T; Uludag, A; Akbas, A; Kurt, O; Akbulut, MLE. Female sexual dysfunction in androgenetic
alopecia: Case-control study. Can. Urol. Assoc. [ 2006, 10, E251-E256, [CrossRef]

Nazarpotir, 5.; Sitnbar, M.; Ramezani Tehrani, E; Alavi Majd, H. Quality of life and sexual function in postmenopausal women. [.
Women Aging 2008, 30, 259-309. [Cros=Ref] [PubhMed]

Adil, A.; Godwin, M. The effectiveness of treatiments for androgenetic alopecia: A systematic review and meta-analysis. J. Ant.
Acad Dermatd. 2017, 77, 136-141e5. [CrossRef]

Khantham, C.; Linsaenkart, P; Chaitep, T; Jantraw ut, F; Chittasupho, C,; Rachtanapun, P; Jantanasakulwong, K.; Phimolsiripol,
Y,; Sommano, SR ; Prom, UT.C; et al. Anticxidation, Anti-Inflammation, and Regulation of SRD5A Gene Expression of Oryza
sativa cv. Bue Bang 3 CMU Husk and Bran Extracts as Androgenetic Alopecia Molecular Treatment Substances. Plants 2022, 11,
330, [CrossRef]

Olsen, EA. The midline part: An important physical clue to the clinical diagnosis of androgenetic alopecia in women. | Am.
Acad Dermata. 1999, 40, 106-109. [CrossFef]

Ludwig, E. Classification of the types of androgenetic alopecia (common baldness) occurring in the female sex. Br. [. Dermatol.
1977, 97, 247254, [CrossFef]

Venning, V.A.; Dawber, R.P. Patterned androgenic alopecia in women. [. Am. Acad. Dermatol. 1988, 18, 1073-10F7. [CrossFef]
Yu, N.L; Tan, H; Song, Z.Q.; Yang, X.C. Illness perce ption in patients with androgenetic alopecia and alopecia areata in China. J.
Psychoson. Res. 2006, 86, 1-6. [CrossRef]

Deviani, 5.; Ezemma, C.; Kelley, K.].; Stratton, E.; Senna, M. Androgenetic Alopecia: Therapy Update. Drugs 2023, 83, 701-715.
[CrossRef]

Iamsumang, W.; Leerunyakul, K.; Suchonwanit, F. Finasteride and Its Potential for the Treatment of Female Pattern Hair Loss:
Evidence to Date. Drug Des. Den Ther. 2020, 14, 951-959. [Cros=Fef]

Shimizu, ¥.; Ntege, EH.; Sunami, H.; Inoue, Y. Regenerative medicine strategies for hair growth and regeneration: A narrative
review of literature. Regen. Ther, 2022, 21, 527-539, [Cros=Fef]

Krefft-Trzciniecka, K.; Pietowska, Z.; Nowicka, D,; Szepietowski, ].C. Human Stem Cell Use in Androgenetic Alopecia: A
Systematic Review. Cells 2023, 12, 951. [CrossRef]

WHOQOL Group. Development of the World Health Organization WHOQOL-BREF quality of life assessment. The WHOQOL
Group. Psychol. Med. 1998, 28, 551-558. [CroszRef]

Bonomi, A.E; Patrick, D.L.; Bushnell, D.M.; Martin, M. Validation of the United States’ version of the World Health Organization
Quality of Life (WHOQOL) instrument. J. Clin. Epidemiol. 2000, 53, 1-12, [CrossRef]

Meston, CM. Validation of the Female Sexuial Function Index (FSFI) in women with female orgasmic disorder and in women
with hypoactive sexual desire disorder. [. Sex. Marifal. Ther. 2003, 289, 39-46. [CrossRef] [PubMed]

Sanchez-Sanchez, B.; Navarro-Brazalez, B.; Arrare-Martin, B.; Sanchez-Mendez, (.; de la Rosa-Diaz, L; TorresLacomba, M. The
Female Sextial Function Index: Transculturally A daptation and Psychometric Validation in Spanish Women. Int. [. Environ. Res.
Public Health 2020, 17, 994, [CrossEef] [PubMed]

Wiegel, M.; Meston, C.; Rosen, F. The female sexual function index (FSFI): Cross-validation and development of clinical cutoff
scores. . Sex Marital. Ther. 2005, 31, 1-20. [Cros=Ref] [PubMed)

Cohen, [. A power primer. Psychol. Bull. 1992,112, 155-159, [CrossRef]

Mootthy, 5.; Yu, L.; Peng, L; Shen, L.; Han, ¥.; Zhang, Z,; Li, ¥.; Huang, X. Quality of Life and Its A ssociation with Androgenetic
Alopecia Patients in Shanghai: A Cross-Sectional Study: Clin. Cosmetf. Investig. Dermatol. 2022, 15, 2683-2893, [CrossRef]

52



Henlfhaare 2024,12, 608 11af11

B

a7

Reid, EE.; Haley, A.C.; Borovicka, [.H.; Rademaker, A.; West, D.E; Colavincenzo, M.; Wickless, H. Clinical severity does not
meliably predict quality of life in women with alopecia areata, telogen effluvium, or androgenic alopecia. [. Am. Acad. Dermatol.
2012, 66, e97-e102, [CrossRef]

Quinn-Nilas, C.; Benson, L.; Milhausen, E.E.; Buchholz, A.C.; Goncalves, M. The Relationship Betwieen Body Image and Domains
of Sexual Functioning Among Hetercsexual, Emerging Adult Women. Sex. Med. 2016, 4, 1822189, [CrossRef]

van der Donk, J.; Passchier, |.; KnegtJunk, C; van der Wegen-Keijser, MLH.; Nieboer, C; Stolz, E; Verhage, F. Psychological
characteristics of women with androgenetic alopecia: A controlled study: Br. J. Dermatol. 1991, 125, 2458-252. [CrossRef]

Amos, M.; McCabe, M. The importance of feeling sex ually attractive: Can it predict an individual’s experience of their sexuality
and sexual relationships across gender and sexual orientation? Int. J. Psychd. 2017, 52, 3543683, [CrossFef] [FubMed]

Biondo, 5.; Goble, I; Sinclair, K. Women who present with female pattern hair loss tend to underestimate the severity of their
hair loss. Br. . Dermatol. 2004, 150, 750-752, [Cros=Fef]

Tas, B.; Kulacaoglu, E; Belli, H.; Altuntas, M. The tendency towards the development of psychosexual disorders in androgenetic
alopecia according to the different stages of hair loss: & cross-sectional study. An. Bras. Dermatol. 2018, 93, 185-190. [CrossFef]
[Pubbied]

Tayyeb, M.; Gupta, V. Dyspareunia. In Sfaf Pearls; StatPearls Publishing: Treasure Island, FL, USA, 2023,

Leeners, B.; Hengartner, M.P; Ajdacic-Gross, V.; Rossler, W.; Angst, J. Dyspareunia in the Context of Psychopathology, Personality
Traits, and Coping Resources: Results From a Prospective Longitudinal Cohort Study From Age 30 to 50. Arch. Sex. Behao 2015,
44, 1551-1560. [CrossRef] [PubMed]

Zhuang, X.5,; Zheng, Y.Y.; Xu, .].; Fan, WX, Quality of life in women with female pattern hair loss and the impact of topical
minoxidil treatment on quality of life in these patients. Exp. Ther. Med. 2013, §, 542-546. [ CrossRef] [PubMed)

Yamazaki, M.; Miyakura, T.; Uchiyama, M.; Hobo, A ; Irisawa, R.; Tsuboi, . Oral finasteride improved the quality of life of
androgenetic alopecia patients. J. Dermatol. 2011, 38, 773-777. [CrossHef]

Seale, L.E.; Eglini, A N.; McMichael, A ]. Side Effects Related to 5 alpha-Reductase Inhibitor Treatment of Hair Loss in Womern: A
Review. J. Drugs Dermatol. 2006, 15, 414415, [FubhMed]

Pereira, A.; Coelho, TOMA. Post-finasteride syndrome. An. Bras. Dermatol. 2020, 95, 771-277. [CroesBef] [PubMed]

Eyada, M.MLK.; Abd-Elhamid, A -A.5,; Elboghdady, R.A F; Gadallah, A.M.; Azab, M. A ssessment of Femnale Sexual Dysfunction
in Patients with Premencpausal Female Pattern Hair Loss. Adr. Sex. Med. 2020, 10, 85-103. [CrossRef]

Zac, R1; da Costa, A. Patient Satisfaction and Chiality of Life Among Adult Women with Androgenetic Alopecia Using 5%
Topical Minoxidil. J. Clin. Aesthet. Dermatol. 2021, 14, 26-30. [PubMed]

Vastarella, M.; Cantelli, M.; Patri, A.; Annunziata, M.C.; Nappa, P; Fabbrocini, G. Efficacy and safety of oral minoxidil in female
androgenetic alopecia. Dermatol. Ther. 2020, 33, e14234, [CrossRef] [Publvied)

Meyers, A; Jin, A.; Kwiecien, G.].; Gatherwright, .; Khetarpal, 5.; Zins, J.E. Flatelet-Rich Plasma for Treatment of Hair Loss
Improves Patient-Reported Quality of Life. Aesthetic Plast. Surg. 2023, 47, 1528-153. [CrossRef]

Bruce, A.J; Pincelli, TF; Heckman, M.G.; Desmond, C.M.,; Arthurs, LR.; Diehl, N.IM.; Douglass, EJ.; Bruce, C.J.; Shapim, SA. A
Randomized, Controlled Pilot Trial Comparing Platelet-Rich Plasma to Topical Minoxidil Foam for Treatment of Androgenic
Alopecia in Women. Dermatol. Surg 2020, 46, 826831, [CrossFef]

Nilforoushzadeh, M.A.; Golparvaran, M.; Yekaninejad, M.5 Assessment of quality of life and self-esteem in male patients with
androgenetic alopecia before and after hair transplantation. . Cosmef. Dermatol, 2023, 22, 22832357, [CrossRef]

Xiao, E.; Burks, C.A.; Yau, |.; Derakhshan, A.; Liu, RH.; Senna, M.M.; Yasuda, M.E.; Jowett, N.; Lee, L.IN. Health Utility Measures
Among Patients with Androgenetic Alopecia after Hair Transplant. Aesthefic Plast. Surg. 2023, 47, 631-639, [CrossFef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications ate solely those of the individual
authot(s) and contribiitor(s) and not of MDPI and/ or the editor(s). MDPI and/ or the editor(s) disclaim responsibility for any injury to
people or property testlting from any ideas, methods, instructions or products referred to in the content.

53



7. STRESZCZENIE W JEZYKU POLSKIM

Rozprawa doktorska oparta jest o cykl trzech monotematycznych artykulow
opublikowanych w migdzynarodowych czasopismach naukowych indeksowanych w bazie
PubMed i uwzglednionych na liscie Journal Citation Reports oraz znajdujacych si¢ w wykazie
czasopism naukowych Ministerstwa Edukacji i Nauki (MEiN). Artykuly wchodzace w sktad
rozprawy doktorskiej zostalty zaakceptowane do publikacji w migdzynarodowych
czasopismach o tgcznym wspolczynniku wptywu (Impact Factor, IF) 13,5 oraz punktacji
MEIN 280 punktow. We wszystkich artykutach doktorantka jest pierwszym i wiodacym
autorem.

Pierwsza pracg sposrod cyklu jest przeglad systematyczny pismiennictwa dotyczacy
wykorzystania ludzkich komoérek macierzystych w leczeniu tysienia androgenowego. Stanowi
ona podsumowanie aktualnej wiedzy na temat klinicznej skuteczno$ci oraz bezpieczenstwa
terapii z wykorzystaniem komorek macierzystych. Przegladu dokonano zgodnie
z wytycznymi protokolu PRISMA w 2023 r. Jest to pierwszy systematyczny przeglad
dotyczacy stosowania réznych rodzajow komorek macierzystych w leczeniu AGA u kobiet
imezczyzn, w ramach ktorego analizowano 15 badan, w ktéorych wzigto udzial 653
pacjentow.

Nastepnie, w badaniach bgdacych podstawa drugiej i trzeciej publikacji cyklu oceniono
wplyw leczenia autologicznymi komorkami macierzystymi pochodzacymi z mieszkow
wlosowych pacjentek z lysieniem androgenowym na przebieg tej choroby. Ponadto zbadano
wpltyw tej terapii na jako$¢ zycia 1 funkcjonowanie seksualne w badanej grupie kobiet.
Badania prowadzono w latach 2022-2023. Do badan wiaczono grupe liczaca 23 pacjentek
chorujagcych na lysienie androgenowe, u ktérych zaawansowanie choroby oceniono
w klasyfikacji Ludwiga (typ I u 60,9%, typ II u 30,4% i typ III u 8,8%). Od wszystkich
pacjentek zostaly pobrane probki krwi celem wykonania badan laboratoryjnych: morfologia,
TSH, anty-TPO, anty-TG, testosteron, SHGB, prolaktyna, kortyzol, zelazo, androstendion,
witamina D3, kwas foliowy, ferrytyna, witamina B12, DHEA-S, DHT,
170-hydroksyprogesteronu, ACTH oraz ANA1 i ANA3. Przed rozpoczegciem terapii
i 6 miesieccy po jej zakonczeniu pacjentki byly proszone o wypetnienie dwoch
kwestionariuszy: kwestionariusz jako$ci zycia w wersji skroconej Swiatowej Organizacji
Zdrowia (WHOQOL-BREF) oraz oceny funkcjonowania seksualnego kobiet (FSFI). Uzyto
zwalidowanych polskich wersji kwestionariuszy FSFI i WHOQOL-BREF. Ocena kliniczna

pacjentek zostala przeprowadzona przed terapig i 6 miesigcy po jej zastosowaniu, przez
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czterech niezaleznych specjalistow dermatologii za pomoca wizualnej skali analogowej
(VAS). Nastepnie zbadano korelacje stezenia badanych substancji z wynikiem w skali VAS.

W badaniu przeprowadzonym wsrdd pacjentek z AGA ocena po leczeniu za pomoca
HFSCs wykazata znaczng poprawe w oparciu o skale VAS ze §rednim wzrostem o 1,5 punktu
1 §rednia poprawe¢ o 1 stopien w skali Ludwiga. Zaréwno wyniki w skali Ludwiga, jak
i srednie wyniki w skali VAS wykazaly znaczace roznice po leczeniu. Pacjentki, u ktorych
stwierdzono poczatkowo wyzsze poziomy SHGB 1 17a-hydroksyprogesteronu uzyskaty
lepsze efekty kliniczne. Zarowno stezenie testosteronu i DHT nie wptynely na koncowy efekt
kliniczny w badanej grupie pacjentek.

Badanie wykazalo takze, ze po 6 miesigcach od sesji ACM liczba pacjentek
z dysfunkcjami seksualnymi mierzonymi za pomocg skali FSFI spadta z 11 do 6 osob.
Domenami, w ktorych odnotowanoy istotng réznice byly podniecenie i satysfakcja. Catkowity
wynik FSFI, a takze wskazniki pozadania, nawilzenia, orgazmu i bolu nie r6znity si¢ istotnie
miedzy punktami badania. Jako$¢ Zycia zostala oceniona za pomoca kwestionariusza
WHOQOL-BREF, ktéra wykazata, ze 6 miesiecy po zabiegu ACM pacjenci odczuwali
wyzsza jako$¢ zycia w zakresie zdrowia psychicznego 1 $rodowiska, jednakze nie
odnotowano znaczacych zmian w zglaszanym zdrowiu fizycznym 1 relacjach spolecznych.
Analiza korelacji migdzy wynikami WHOQOL-BREF a wynikami FSFI wykazata, ze we
wszystkich domenach ogo6lna jakos$¢ zycia i zdrowie seksualne byly umiarkowanie lub silnie
dodatnio skorelowane

Podsumowujac, wyniki prac zawartych w rozprawie doktorskiej potwierdzaja

skuteczno$¢ autologicznych komoérek macierzystych pochodzacych z mieszkow wlosowych
pacjentek chorujacych na tysienie androgenowe w jego leczeniu, a takze dowodza, ze terapia
ACM ma pozytywny wplyw na jako$¢ zycia 1 funkcjowanie seksulane kobiet cierpigcych na

te chorobg.
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8. STRESZCZENIE W JEZYKU ANGIELSKIM

The doctoral dissertation is based on a series of three monothematic articles published in
international scientific journals indexed in the PubMed database and included in the Journal
Citation Reports list, as well as in the list of scientific journals of the Ministry of Education
and Science (MEIN). The articles included in the doctoral dissertation have been accepted for
publication in international journals with a total Impact Factor (IF) of 13,5 and a MEiN score
of 300 points. In all articles, the doctoral student is the first and lead author.

The first work in the series is a systematic review of the literature on the use of human
stem cells in androgenetic alopecia (AGA). It summarizes the current knowledge on the
clinical effectiveness and safety of therapies with human stem cells. The review was carried
out in accordance with the PRISMA protocol guidelines in March 2023. This is the first
systematic review on the use of different types of stem cells for the treatment of AGA in men
and women, which included 15 studies involving 653 patients.

The studies being the basis for the second and third publications in the series evaluated
the effectiveness of stem cells derived from the hair follicles of patients with AGA in the
course of this disease. In addition, the impact of this therapy on quality of life and sexual
functioning in the study group was examined. The study was conducted between 2022 and
2023. A group of 24 female patients suffering from AGA, whose progression was assessed by
the Ludwig classification ( type I in 60.9%, type II in 30.4% and type III in 8.8%) was
included in the study, Blood samples were taken from all patients for numerous laboratory
tests: CBC, TSH, anti-TPO, anti-TG, testosterone, SHGB, prolactin, cortisol, iron,
androstendione, vitamin D3, folic acid, ferritin, vitamin B12, DHEA-S, DHT,
17a-hydroxyprogesterone, ACTH, and ANA1 and ANA3. At baseline and 6 months after
therapy, patients completed two questionnaires: the World Health Organization Quality of
Life Questionnaire-Brief Version (WHOQOL-BREF) and the Female Sexual Function
Questionnaire (FSFI). Validated Polish versions of the FSFI and WHOQOL-BREF
questionnaires were used. Clinical evaluation of the patients was carried out, at baseline and 6
months after the applied therapy, by four independent dermatology specialists using a visual
analog scale (VAS). The correlation of the concentration of the tested substances with the
VAS scale score was then examined.

In the study of AGA patients, post-treatment evaluation with HFSCs showed
significant improvement based on the VAS scale with an average increase of 1.5 points and an

average improvement of 1 degree on the Ludwig scale. Both Ludwig scale scores and mean
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VAS scale scores showed significant differences after treatment. Patients who initially had
higher levels of SHGB and 170-hydroxyprogesterone had better clinical outcomes. Both
testosterone and DHT levels did not affect the final clinical outcome in the group of patients
we studied.

The study also showed that 6 months after the autologous cell micrografts (ACM)
sessions, the number of patients with sexual dysfunctions as measured by the FSFI scale
dropped from 11 to 6. The domains in which we noted significant differences were arousal
and satisfaction. The total FSFI score, as well as indices of desire, lubrication, orgasm and
pain, did not differ significantly between study sites. Quality of life was assessed using the
WHOQOL-BREF questionnaire. Results showed that 6 months after ACM, patients
experienced a higher quality of life in terms of mental health and environment, but there were
no significant changes in reported physical health and social relationships. Correlation
analysis between WHOQOL-BREF and FSFI scores showed that in all domains, overall
quality of life and sexual health were moderately to strongly positively correlated.

In conclusion, the results of the work presented in the dissertation confirm the
effectiveness of autologous stem cells derived from the hair follicles of patients suffering
from AGA in the treatment of this disease. Furthermore, ACM has been proven to positively
impact quality of life and sexual function of women experiencing hair loss in the course of

AGA.
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9. OPINIA KOMISJI BIOETYCZNEJ

KOMISJA BIOETYCZNA

przy
Uniwersytecie Medycznym
we Wroclawiu

ul. Pasteura 1; 50-367 WROCLAW

OPINIA KOMISJI BIOETYCZNEJ Nr KB - 1074/2021

Komisja Bioetyczna przy Uniwersytecie Medycznym we Wroctawiu, powolana
zarzadzeniem Rektora Uniwersytetu Medycznego we Wroclawiu nr 278/XVI R/2020 z dnia
21 grudnia 2020 r. oraz dzialajgca w trybie przewidzianym rozporzadzeniem Ministra
Zdrowia i Opieki Spolecznej z dnia 11 maja 1999 r. (Dz.U. nr 47, poz. 480) na podstawie
ustawy o zawodzie lekarza z dnia 5 grudnia 1996 r. (Dz.U. nr 514 z 2020 r.) w skiadzie:

dr Joanna Birecka (psychiatria)

dr Beata Freier (onkologia)

dr hab. Tomasz Fuchs (ginekologia, poloznictwo)

prof. dr hab. Dariusz Janczak (chirurgia naczyniowa, transplantologia)
dr hab. Krzysztof Kaliszewski (chirurgia endokrynologiczna)

dr prawa Andrzej Malicki (prawo)

dr hab. Marcin Maczyniski, prof. UMW (farmacja)

Urszula Olechowska (piel¢gniarstwo)

prof. dr hab. Leszek Szenborn (pediatria, choroby zakazne)

prof. dr hab. Andrzej Szuba (choroby wewngtrzne, angiologia

ks. prof. Andrzej Tomko (duchowny)

prof. dr hab. Mieszko Wieckiewicz (stomatologia)

dr hab. Andrzej Wojnar, prof. nadzw. (histopatologia, dermatologia) przedstawiciel
Dolno$laskiej Izby Lekarskiej)

dr hab. Jacek Zielinski (filozofia)

pod przewodnictwem
prof. dr hab, Jerzego Rudnickiego (chirurgia, proktologia)

Przestrzegajac w dziatalnosci zasad Good Clinical Practice oraz zasad Deklaracji Helsifskiej,
po zapoznaniu si¢ z projektem badawczym pt.:

,,Ocena wplywu autologicznego przeszczepu komérek macierzystych na przebieg lysienia
androgenowego u kobiet ”
zgloszonym przez lek. Katarzyne Krefft-Trzcinieckg pracownika Kliniki Dermatologii,
Wenerologii i Alergologii Uniwersyteckiego Szpitala Klinicznego we Wroclawiu oraz
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zlozonymi wraz z wnioskiem dokumentami, w tajnym glosowaniu postanowila wyrazié
zgod¢ na przeprowadzenie badania w Katedrze i Klinice Dermatologii, Wenerologii i
Alergologii Uniwersytetu Medycznego we Wroclawiu, pod nadzorem dr hab. Danuty
Nowickiej, pod warunkiem zachowania anonimowo$ci uzyskanych danych.

Uwaga: Badanie to zostato objgte ubezpieczeniem odpowiedzialnoéci cywilnej Uniwersytetu
Medycznego we Wroclawiu z tytulu prowadzonej dziatalnosci.

Pouczenie: W ciggu 14 dni od otrzymania decyzji wnioskodawcy przyshiguje prawo
odwotania do Komisji Odwolawczej za posrednictwem Komisji Bioetycznej UM we
Wroctawiu.

Opinia powyzsza dotyczy projektu badawczego bedacego podstawg rozprawy doktorskiej.

Przewodniczacy Komisji Bioetycznej
przy Uniwersytecie Me

}?/drjlgb/ erzy Rudnicki

Wroctaw, dnia Y stycznia 2022 r.
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10.CURRICULUM VITAE
CURRICULUM VITAE

KATARZYNA
KREFFT-TRZCINIECKA

Adres: Torowa 6/10, 51-125 Wroctaw
E-mail: krefftkatarzyna@gmail.com
Telefon: + 48 696 011 868

Data i miejsce urodzenia:31.01.1992, Wroctaw

Edukacja:

Uniwersytet Medyczny im. Karola Marcinkowskiego w Poznaniu ; Kierunek Lekarski,
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10/2011 — 06/2017
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Naukowe:
Publikacje:

3 petlotekstowe artykuly opublikowane w krajowych 1 miedzynarodowych czasopismach, w
tym indeksowanych w bazie PubMed, z czego 3 jako pierwszy autor
* Catkowity wspotczynnik wptywu (Impact Factor) opublikowanych prac = 13,5

* Punktacja ministerialna: 300

Czlonkostwo w towarzystwach naukowych:

* Polskie Towarzystwo Dermatologiczne

* International Society of Dermatology

* European Academy of Dermatology and Venereology
* International Dermoscopy Society

* Polska Grupa Dermatoskopowa

* Polskie Towarzystwo Dermatologii Wiosow
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11. DOROBEK NAUKOWY
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1.

I.  Publikacje w czasopiSmie naukowym z IF
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2023, vol. 12, nr 6, art.951 [12 s.], DOI:10.3390/cells12060951.
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Dermatologia Online, 2024, vol. 15, nr 1, s. 71-74, DOI:10.7241/ourd.20241.17

Katarzyna Krefft, Marzena Maciejewska, Patrycja Rojewska, Adam Czyzyk, Blazej
Meczekalski. Complete androgen insensitivity syndrome (CAIS) in the 44-year-old
patient with XY karyotype - a case report. Arch. Perinat. Med. 2016 : Vol. 22, nr 2, s.
51.
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