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2. Wykaz stosowanych skrotow

Skrot Rozwinigcie w j. angielskim Rozwinigcie w j. polskim
NGS Next generation sequencing Sekwencjonowanie nastepnej generacji
MM Multiple myeloma Szpiczak plazmocytowy
Auto-SCT Autologous stem cell transplantation Autologiczne przeszczepienie komorek
krwiotworczych
SCFA Short-chain fatty acids Krotkotancuchowe kwasy thuszczowe
Treg T regulatory cells Komorki T regulatorowe
IgH Immunoglobulin Heavy-chain variable Rejon zmienny immunoglobulin
region
ARB Antibiotic-resistant bacteria Bakterie oporne na antybiotyki
0s Overall Survival Catkowity czas przezycia
PFS Progression-Free Survival Czas przezycia wolny od progresji
MRD Minimal Residual Disease Minimalna choroba resztkowa
Graft-Versus-Host Disease Choroba ,,przeszczep przeciwko
GvHD 5
gospodarzowi
FMT Fecal Microbiota Transplantation Przeszczep mikrobioty katowej
. . . Hiperkalcemia, niewydolno$¢ nerek, anemia,
Calcium, Renal failure, Anemia, Bone .
CRAB lesi zmiany kostne
esions
. . Migdzynarodowy system stopniowania
International Staging System
158 Revised International Staging System Zrew1.dowar.1y migdzynarodowy system
R-ISS stopniowania
Lactate Dehydrogenase
Dehydrogenaza mleczanowa
LDH . .
Free Light Chains , .
FLC Wolne tancuchy lekkie
Magnetic Resonance Imaging
MRI Rezonans magnetyczny
CT Computed Tomography Tomografia komputerowa
Positron Emission Tomography—Computed o
Pozytonowa tomografia emisyjna potaczona
PET-CT Tomography
z tomografig komputerowg
Monoclonal Gammopathy of Undetermined . .
Significance Gammapatia monoklonalna o nieustalonym
MGUS znaczeniu
SMM Smoldering Multiple Myeloma Szpiczak tlacy sie
BCMA B-Cell Maturation Antigen Antygen dojrzewania limfocytow B
CAR-T Chimeric Antigen Receptor T-cell therapy Terapia limfocytami T z chimerycznym
receptorem antygenu
DRd Daratumumab, Lenalidomide, Daratumumab, lenalidomid, deksametazon
Dexamethasone Daratumumab, bortezomib, lenalidomid,
Daratumumab, Bortezomib, Lenalidomide, deksametazon
Dara-VRd
ana Dexamethasone Daratumumab, bortezomib, talidomid,
deksametazon
Dara-VTD



Daratumumab, Bortezomib, Thalidomide,
Dexamethasone

3. Streszczenie w jezyku polskim

Mikrobiota jelitowa stanowi ogdt mikroorganizméw (bakterii, archeondw, wirusow, grzybow
i innych drobnoustrojéw) zasiedlajacych przewdd pokarmowy cztowieka lub innego
organizmu. Z kolei mikrobiom jelitowy jest to zbior materialu genetycznego wszystkich
mikroorganizméw obecnych w jelitach, obejmujacy ich geny i produkty genowe.

W ostatnich dekadach rozwdj badan nad mikrobiota jelitowa doprowadzil do przelomowego
zrozumienia roli, jaka odgrywa zesp6t drobnoustrojow zamieszkujacych jelita w ksztaltowaniu
odpowiedzi immunologicznej i w etiopatogenezie wielu choréb, w tym nowotwordéw
hematologicznych. Pierwsze obserwacje wskazujagce na zwigzek miedzy sktadnikami
mikrobioty a uktadem immunologicznym pojawily si¢ juz na poczatku XXI wieku, jednak
dopiero wraz z rozwojem technik sekwencjonowania nastgpnej generacji (NGS) i
metagenomiki mozliwe stalo si¢ precyzyjne scharakteryzowanie réznorodnosci gatunkowej
oraz funkcjonalnej mikrobioty jelitowej u pacjentow.

W przypadku szpiczaka plazmocytowego (MM), nowotworu wywodzacego si¢ z komorek
plazmatycznych, badania mikrobioty jelitowej wciaz znajduja si¢ na wczesnym etapie.
Dotychczasowe prace dotyczyly analizy zmian mikrobiomu pod wptywem zastosowanego
leczenia oraz wptyw tych zmian na rokowania chorych. U chorych z MM, mtodszych i w dobrej
formie klinicznej uznang metoda leczenia jest konsolidacja uzyskanej remisji poprzez
zastosowanie wysokodawkowanej chemioterapii wspomaganej podaniem autologicznych
komorek krwiotwoérczych (auto-SCT).

Niniejsza rozprawa doktorska sktada si¢ z cyklu czterech powigzanych tematycznie publikacji
naukowych, ukazujacych kompleksowe oddziatywanie mikrobioty jelitowej na progresje
choroby, wyniki leczenia i powiklania — w szczegolnosci powiktania zwigzane z auto-SCT.
Rola mikrobioty jelitowej w ksztattowaniu odpowiedzi immunologicznej jest dobrze
udokumentowana w chorobach zapalnych jelit oraz chorobach autoimmunologicznych. Liczne
badania eksperymentalne wykazaty, ze krotkotancuchowe kwasy thuszczowe (SCFA), produkty
fermentacji wytwarzane przez bakterie z rodzajow Clostridium 1 Bacteroides, pelnia kluczowa
funkcje w utrzymaniu integralno$ci bariery jelitowej, stymulujg produkcje cytokin
przeciwzapalnych (m.in. IL-10) oraz wspomagaja roznicowanie komorek Treg (komorki
regulatorowe), co przeciwdziala nadmiernej aktywacji limfocytow Thl7. Z drugiej strony,

przewlekta dysbioza charakteryzuje si¢ czesto spadkiem populacji bakterii produkujacych



SCFA i wzrostem bakterii z rodzajéw Enterobacteriaceae czy Streptococcus. Prowadzi to do
przewlektego stanu zapalnego blony $luzowej, nadmiernej produkceji cytokin prozapalnych
(m.in. IL-6, TNF-a) oraz potencjalnego stymulowania proliferacji klonalnej limfocytow B. W
przypadku MM jest to szczegdlnie istotne, poniewaz rozwoj choroby poprzedza stan MGUS
(gammopatia monoklonalna o nieustalonym znaczeniu), w ktérym klonalne plazmocyty ulegaja
kolejnym mutacjom w rejonach zmiennych immunoglobulin (IgH) w odpowiedzi na antygeny
zewngtrzne. Istnieje hipoteza wskazujaca na mozliwos¢ inicjacji badz przyspieszenia progres;ji
choroby poprzez antygeny bakteryjne dostepne w $wietle przewodu pokarmowego.

Cykl publikacji zawiera dwie prace oryginalne i dwie prace pogladowe.

W pierwszej pracy pt. Impact of gut colonization by antibiotic-resistant bacteria on the
outcomes  of autologous stem cell transplantation in  multiple  myeloma
(https://doi.org/10.1038/s41598-024-82589-z) pokazano wplyw kolonizacji przewodu
pokarmowego przez bakterie antybiotykooporne (ARB) przed auto-SCT na ryzyko powiktan
infekcyjnych po wykonaniu procedury. Wedlug obecnych danych kolonizacja ARB jest
markerem zubozonej mikrobioty jelitowej. Ta z kolei moze by¢ zaangazowana w rozwdj i
progresj¢ dyskrazji plazmocytowych. Praca przedstawia analizy przeprowadzone na 138
pacjentach, ktorzy zostali poddani tacznie 141 procedurom auto-SCT. Pacjenci skolonizowani
ARB w przewodzie pokarmowym mieli znacznie wyzsze ryzyko infekcji we wczesnym okresie
po auto-SCT w poréwnaniu do grupy bez kolonizacji (52 vs. 26%, P =0,02). Pomimo braku
istotnosci statystycznej, zaobserwowano tendencje do krdtszego przezycia catkowitego (OS) w
grupie pacjentow skolonizowanych.

Kolejna praca pt. Ice-cream used as cryotherapy during high-dose melphalan conditioning
reduces oral mucositis after autologous hematopoietic stem cell transplantation
(https://doi.org/10.1038/s41598-021-02002-x) przedstawia rol¢ stosowania lodéw jako
profilaktyki rozwoju toksycznego uszkodzenia $luzowek jamy ustnej po auto-SCT. Autorzy
przeprowadzili retrospektywng analize 74 pacjentow, dowodzac, ze spozywanie lodéw podczas
infuzji wysokodawkowanego melfalanu pozwala znaczaco zmniejszy¢ odsetek uszkodzenia
Sluzowek jamy ustnej (OM). Metoda ta jest lepiej tolerowana niz tradycyjne ptukanie ust
zimnymi ptynami. Czgsto$¢ wystgpowania OM w grupie otrzymujacej lody wyniosta 28,84%,
podczas gdy w grupie, ktora lodow nie otrzymywata wyniosta 59,09%. Prawdopodobnie
zmniejszenie czgstosci wystgpowania OM wplyneto na skrocenie okresu hospitalizacji i
obnizenie kosztow leczenia powiktan. Wspomniana praca wskazuje szerzej na wpltyw roli

integralnosci §luzowki przewodu pokarmowego na czgstos¢ wystepowania powiktan po auto-



SCT. Mikrobiota jelitowa jest jednym z kluczowych czynnikow dla zachowania integralno$ci
bariery jelito-krew.

W kolejnej pracy pt. The Role of the Crosstalk Between Gut Microbiota and Immune Cells in
the Pathogenesis and Treatment of Multiple Myeloma (doi: 10.3389/fimmu.2022.853540)
szczegdlowo opisano role mikrobioty jelitowej i1 jej zmiany na przestrzeni calego zycia, ze
szczegblnym uwzglednieniem jej wplywu na formowanie ukladu odpornosciowego. W
szczeg6lnosci skupiono si¢ na opisie przewleklej stymulacji antygenowej limfocytow B jako
mechanizmu rozwoju MM. Ukazano zlozony system interakcji pomi¢dzy limfocytami B,
mikrobiota, komorkami dendrytycznymi, makrofagami, neutrofilami, komodrkami
plazmatycznymi 1 komodrkami nabtonka jelit. Wskazana publikacja podsumowuje
dotychczasowa wiedz¢ na temat czynnikow inicjujacych rozwdj MM podkreslajac role jaka
petnig mikroorganizmy w tym procesie.

Celem kolejnej pracy pt. The Role of the Gut Microbiome in Pathogenesis, Biology, and
Treatment of Plasma Cell Dyscrasias (doi: 10.3389/fonc.2021.741376) bylo pokazanie
czynnikow odpowiedzialnych za progresje¢ dyskrazji plazmocytowych na szlaku od MGUS,
przez SMM (szpiczak tlacy si¢) ostatecznie do MM. Dodatkowo wskazano na wplyw
mikrobioty jelitowej na odpowiedZ na terapie u chorych z MM. Przedyskutowano rol¢
mikrobioty w rozwoju i progresji MM, odpowiedzi na leczenie u pacjentéw z MM oraz
potencjalng rol¢ przeszczepienia mikrobioty jelitowej (FMT) jako procedury modyfikujacej
ryzyko progresji badZ uwrazliwienia opornych na leczenie komorek.

Przedstawione wyniki prac oryginalnych i podsumowanie stanu wiedzy na czas opublikowania
prac pogladowych przedstawiaja razem spojny model wieloetapowego wptywu mikrobioty
jelitowej na przebieg MM. Pierwszym etapem jest uksztattowanie mikrobiomu jelitowego na
najwczesniejszych etapach zycia i jego wptyw na funkcjonowanie uktadu immunologicznego
w pézniejszych etapach. Drugim — przewlekla stymulacja antygenowa limfocytow B
antygenami bakteryjnymi i tworzenie mikro$rodowiska sprzyjajacego rozwoju MGUS i
progresji z MGUS do MM. Trzecim — promowanie okreslonego profilu wydzielanych cytokin
1 metabolitow w trakcie leczenia co wplywa na jego wyniki i rokowania chorych. Czwartym —
potencjalny wptyw modyfikacji mikrobioty jelitowej na redukcje powiklan auto-SCT badz
nawet profilaktyke progresji MGUS do MM.

Podsumowujac, niniejszy cykl badan stanowi wktad w zrozumienie roli mikrobioty jelitowej w
patogenezie, leczeniu i powiktaniach MM oraz wskazuje na praktyczne interwencje, ktore
moga znaczaco poprawi¢ wyniki leczenia i jakos$¢ zycia chorych. Przedstawione powyzej prace

tacza badania podstawowe z klinicznymi zastosowaniami ich wynikow.



4. Streszczenie w jezyku angielskim (wraz z angielska wersja tytulu rozprawy)
The impact of the gut microbiota on the treatment and complications in

patients with multiple myeloma

Gut microbiota contains the community of microorganisms (bacteria, archaea, viruses, fungi,
and other microbes) that inhabit the gastrointestinal tract of a human or other organism. On the
other hand, gut microbiome is the collective genetic material of all the microorganisms present
in the gut, including their genes and gene products.

In recent decades, the development of research on the gut microbiota has led to a breakthrough
understanding of the role played by the community of microorganisms inhabiting the intestines
in shaping the immune response and in the etiopathogenesis of many diseases, including
hematologic malignancies. The first observations indicating a link between elements of the
microbiota and the immune system appeared as early as the beginning of the 21st century, yet
only with the advent of next-generation sequencing (NGS) techniques and metagenomics it
became possible to precisely characterize the species-level and functional diversity of the gut
microbiota in patients.

In the case of multiple myeloma (MM), a malignancy originating from plasma cells, studies of
the gut microbiota are still at an early stage. The work conducted so far has concerned analysis
of microbiome changes under the influence of therapy and the impact of those changes on
patient prognosis. In MM patients who are younger and in good clinical condition,
consolidation of the achieved remission with high-dose chemotherapy with subsequent
administration of autologous hematopoietic stem cells (auto-SCT) is an established standard
treatment.

This doctoral dissertation consists of a cycle of four thematically related scientific publications,
showing the comprehensive influence of the gut microbiota on disease progression, treatment
outcomes and complications—particularly complications associated with auto-SCT.

The role of the gut microbiota in shaping the immune response is well documented in
inflammatory bowel diseases and autoimmune disorders. Numerous experimental studies have
demonstrated that short-chain fatty acids (SCFAs), fermentation products of bacteria from the
genera Clostridium and Bacteroides, play a key role in maintaining intestinal-barrier integrity,
stimulate the production of anti-inflammatory cytokines (including IL-10) and support the

differentiation of regulatory T cells (Tregs), which counteracts excessive activation of Th17
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lymphocytes. Conversely, chronic dysbiosis is often marked by a decline in SCFA-producing
bacteria and an increase in bacteria from the genera Enterobacteriaceae or Streptococcus. This
leads to chronic mucosal inflammation, excessive production of pro-inflammatory cytokines
(including IL-6, TNF-a)) and potential stimulation of clonal B-cell proliferation. In MM this is
particularly important, because disease development is preceded by MGUS (monoclonal
gammopathy of undetermined significance), in which clonal plasma cells undergo further
mutations in immunoglobulin heavy-chain variable regions (IgH) in response to external
antigens. A hypothesis has been put forward that bacterial antigens present in the
gastrointestinal lumen may initiate or accelerate disease progression.

The publication cycle contains two review papers and two original research articles.

In the first paper, entitled ,,/mpact of gut colonization by antibiotic-resistant bacteria on the
outcomes  of autologous stem cell transplantation in  multiple  myeloma”
(https://doi.org/10.1038/s41598-024-82589-z), the impact of colonization of the
gastrointestinal tract by antibiotic-resistant bacteria (ARB) before auto-SCT on the risk of
infectious complications after the procedure was demonstrated. According to current literature,
ARB colonization is a marker of a depleted gut microbiota that, as other studies suggest, may
be involved in the development and progression of plasma-cell dyscrasias. The paper analyzes
138 patients who underwent a total of 141 auto-SCT procedures. Patients colonized with ARB
in the gastrointestinal tract had a markedly higher risk of infection after auto-SCT compared
with the non-colonized group (52% vs 26%, P = 0.02). Although not statistically significant, a
tendency toward shorter overall survival (OS) was observed in the colonized group.

The next paper entitled “Ice-cream used as cryotherapy during high-dose melphalan
conditioning reduces oral mucositis after autologous hematopoietic stem cell transplantation”
(https://doi.org/10.1038/s41598-021-02002-x), presents the role of using ice-cream as
prophylaxis against oral mucositis after auto-SCT. The authors carried out a retrospective
analysis of 74 patients, demonstrating that eating ice-cream during the infusion of high-dose
melphalan significantly reduces the incidence of oral mucositis (OM). The method is better
tolerated than traditional rinsing of the mouth with cold fluids. The incidence of OM in the ice-
cream group was 28.84%, whereas in the group that did not receive ice-cream it was 59.09%.
The likely reduction in OM frequency shortened hospital stays and lowered the cost of treating
complications. This study more broadly highlights the role of gastrointestinal-mucosal integrity
in the incidence of complications after auto-SCT. The gut microbiota is one of the key factors

in maintaining the blood-intestinal barrier.

11



The subsequent study, entitled “The Role of the Crosstalk Between Gut Microbiota and Immune
Cells in the Pathogenesis and Treatment of Multiple Myeloma” (doi:
10.3389/fimmu.2022.853540), details the role of the gut microbiota and its changes throughout
life, with particular emphasis on its influence on the formation of the immune system. It focuses
especially on chronic antigenic stimulation of B lymphocytes as a mechanism in MM
pathogenesis. A complex system of interactions among B lymphocytes, the microbiota,
dendritic cells, macrophages, neutrophils, plasma cells and intestinal epithelial cells is
presented. This publication summarizes the existing knowledge about factors initiating MM
development, underscoring the role microorganisms play in that process.

The next paper, entitled “The Role of the Gut Microbiome in Pathogenesis, Biology, and
Treatment of Plasma Cell Dyscrasias” (doi: 10.3389/fonc.2021.741376), aimed to show the
factors responsible for the progression of plasma-cell dyscrasias along the pathway from
MGUS, through SMM (smoldering myeloma), ultimately to MM. In addition, it highlighted the
impact of the gut microbiota on therapeutic responses in MM patients. The role of the
microbiota in MM development and progression, treatment response in MM patients, and the
potential role of fecal microbiota transplantation (FMT) as a procedure that might modify
progression risk or resensitize treatment-resistant cells was discussed.

Integration of the results of the original studies and the summaries of current knowledge in the
review papers presents a coherent model of the multistage influence of the gut microbiota on
the course of MM. The first stage is shaping the gut microbiome at the earliest stages of life
and its influence on immune-system functioning throughout life. The second is chronic
antigenic stimulation of B lymphocytes by bacterial antigens and the creation of a
microenvironment conductive to MGUS development and progression from MGUS to MM.
The third is promotion of a specific profile of secreted cytokines and metabolites during
treatment, influencing therapy outcomes and patient prognosis. The fourth is the potential
impact of modifying the gut microbiota on reducing auto-SCT complications or even on
prophylaxis of progression from MGUS to MM.

In summary, this series of studies contributes to understanding the role of the gut microbiota in
MM pathogenesis, treatment and its complications, and points to practical interventions that
can markedly improve treatment outcomes and patients’ quality of life. The works presented

above combine basic research with clinical application of their results.
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5. Wstep uzasadniajacy polaczenie wskazanych publikacji w jeden cykl, jak i
komentujacy osiagniecie naukowe kandydata na tle dotychczasowego stanu
wiedzy.

5.1.Szpiczak plazmocytowy.

Szpiczak plazmocytowy (szpiczak mnogi, ang. multiple myeloma, MM) to zto§liwy nowotwor
uktadu krwiotworczego wywodzacy si¢ z dojrzalych komodrek plazmatycznych,
odpowiedzialnych za produkcj¢ przeciwcial. W warunkach patologicznych jeden z klonéw tych
komorek proliferuje w sposéb niekontrolowany w szpiku kostnym, prowadzac do nadprodukcji
nieprawidlowego biatka jednego rodzaju — tzw. bialka monoklonalnego (M-protein) [1].
Choroba ta powoduje liczne powiktania narzadowe, w tym uszkodzenie kosci, nerek, uktadu
krwiotwodrczego oraz zaburzenia gospodarki wapnia. Charakterystyczne dla zaawansowanego
szpiczaka sg objawy zgrupowane pod akronimem CRAB (hiperkalcemia, niewydolno$¢ nerek,
niedokrwisto$¢, zmiany kostne) [2].

Pod wzgledem epidemiologicznym, szpiczak mnogi stanowi okolo 1% wszystkich
nowotworow ztosliwych oraz okoto 10% nowotwordw uktadu krwiotwodrczego [3]. Choroba ta
wystepuje gldwnie u 0sob starszych — mediana wieku w momencie rozpoznania wynosi 69 lat.
Przewage zachorowan obserwuje si¢ u me¢zczyzn (ok. 1,5-krotnie czgéciej niz u kobiet) oraz w
populacji afroamerykanskiej, u ktorej ryzyko zachorowania jest ponad dwukrotnie wyzsze niz
u rasy bialej [4]. Czynnikami ryzyka s3 roOwniez wystegpowanie choroby w rodzinie oraz
obecno$¢ standw przednowotworowych, takich jak MGUS (gammopatia monoklonalna o
nieokre§lonym znaczeniu) i tzw. szpiczak ,.tlacy si¢” (ang. smoldering multiple myeloma), ktore
moga przejs¢ w pelnoobjawowy MM [5].

Proces diagnostyczny rozpoczyna si¢ zazwyczaj od badan laboratoryjnych krwi i moczu.
Elektroforeza biatek surowicy oraz oznaczenie st¢zen wolnych tancuchow lekkich (FLC)
pozwalaja na wykrycie obecno$ci biatka monoklonalnego. Kluczowe znaczenie ma rowniez
biopsja szpiku kostnego, ktéra wykazuje naciek przez >10% plazmocytéw [6]. Diagnostyka
obrazowa, oparta na badaniach MRI, CT lub PET-CT, pozwala na ocen¢ uszkodzen kostnych.
Obecnos¢ objawdw CRAB oraz stgzenie biatka monoklonalnego powyzej 3 g/dL réznicuja MM
od MGUS i SM [6].

W celu oceny stopnia zaawansowania choroby stosuje si¢ International Staging System (ISS)
oraz jego zmodyfikowang wersje (R-ISS), uwzgledniajaca m.in. stgzenie beta-2
mikroglobuliny, albuminy, dehydrogenazy mleczanowej (LDH) oraz obecno$¢ niekorzystnych

aberracji chromosomalnych [7]. Systemy te pozwalaja na okreslenie rokowania, a pi¢ecioletnie
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przezycie znacznie roézni si¢ w zalezno$ci od stopnia zaawansowania (od 40% w III stadium do
ponad 80% w I stadium wedlug R-ISS) [8].

Leczenie szpiczaka plazmocytowego zalezy od stanu klinicznego pacjenta, wieku, chordob
wspotistniejgcych oraz czynnikow cytogenetycznych. Standardowa terapia pierwszego rzutu u
chorych kwalifikujacych si¢ do przeszczepienia autologicznych komorek krwiotwodrczych
(auto-SCT) obejmuje leczenie indukujace remisje czterema lekami (najczesciej daratumumab,
bortezomib, lenalidomid lub talidomid i deksametazon — tzw. schemat Dara-VR(lub T)d), a u
pacjentéw niekwalifikujacych si¢ — obecnie najczesciej schemat oparty na daratumumabie,
lenalidomidzie i deksametazonie (DRd) [9]. Leczenie podtrzymujace, najczegsciej z uzyciem
lenalidomidu, pozwala na przedluzenie czasu wolnego od choroby [10]. W przypadku nawrotu
choroby stosuje si¢ przeciwciala monoklonalne (np. daratumumab, elotuzumab), inhibitory
proteasomu (karfilzomib, ixazomib), nowe leki immunomodulujace (pomalidomid) oraz od
niedawna refundowane w Polsce przeciwciala bispecyficzne [11]. Obiecujace wyniki w terapii
opornej choroby uzyskuje si¢ réwniez dzigki zastosowaniu terapii CAR-T — genetycznie
modyfikowanych limfocytow skierowanych przeciwko antygenowi BCMA [12].

Terapia szpiczaka mnogiego wymaga réwniez leczenia wspomagajacego, obejmujacego
zapobieganie = powiktaniom  kostnym  (bisfosfoniany, = denosumab), profilaktyke
przeciwwirusowa (acyklowir), profilaktyke przeciwzakrzepowg oraz modyfikacje dawkowania
lekow w zaleznosci od funkcji nerek. Leczenie wigze si¢ rOwniez z ryzykiem wystgpienia
powiklan takich jak zakazenia, uszkodzenie nerek, neuropatia obwodowa, zaburzenia
kognitywne, powiklania zakrzepowo-zatorowe, uszkodzenie $luzowek przewodu

pokarmowego oraz kardiotoksyczno$¢ niektorych lekow (np. karfilzomibu) [13].
5.2. Mikrobiota jelitowa — aktualny stan wiedzy.

5.2.1 Choroby zakazne i zapalne.
Mikrobiota jelitowa, stanowigca niezwykle zlozony i dynamiczny ekosystem, odgrywa
zasadnicza role w utrzymaniu homeostazy organizmu oraz w modulacji odpowiedzi
immunologicznej [14]. W jej sktad wchodza bakterie, archeony, wirusy, grzyby i pierwotniaki,
a najwigksze zroznicowanie i liczebno$¢ tych mikroorganizméw obserwuje si¢ w jelicie
grubym [15]. Coraz wiecej dowoddéw naukowych wskazuje, ze mikrobiota jelitowa uczestniczy
w rozwoju oraz progresji licznych choréb infekcyjnych i1 zapalnych, zar6wno o podtozu
autoimmunologicznym, jak i zwigzanych z zakazeniami wirusowymi lub bakteryjnymi [16,

17].
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Sktad mikrobioty jelitowej ksztattowany jest zarowno przez czynniki endogenne (takie jak
wiek, czynniki genetyczne gospodarza, odporno$¢ wrodzona i nabyta), jak i egzogenne (dieta,
styl zycia, region geograficzny, stosowanie antybiotykow) [18]. Zaburzenia w jej skladzie,
okreslane mianem dysbiozy, prowadza do ostabienia funkcji ochronnych i1
immunomodulacyjnych mikrobioty. Dysbioza moze skutkowaé¢ nadmierng aktywacja ukladu
odporno$ciowego, co przyczynia si¢ do rozwoju stanéw zapalnych 1 chordb
autoimmunologicznych, takich jak nieswoiste zapalenia jelit (IBD), reumatoidalne zapalenie
stawow (RZS), toczen rumieniowaty uktadowy (SLE) czy zapalne choroby skory [19, 20].
Mikroorganizmy jelitowe oddziatujag na gospodarza poprzez produkcj¢ metabolitow, wsrod
ktérych szczegodlne znaczenie maja krotkotancuchowe kwasy thuszczowe (SCFA) — takie jak
maslan, octan i propionian — powstajace w wyniku fermentacji btonnika [21]. SCFA wywieraja
efekt przeciwzapalny poprzez hamowanie deacetylaz histonowych (HDAC) oraz aktywacje
receptoréw sprzezonych z biatkiem G (FFAR), co sprzyja powstawaniu komoérek Treg i
thumieniu odpowiedzi prozapalnej (Th17) [22]. Ponadto, SCFA wptywaja na stabilizacje
czynnika indukowanego hipoksja (HIF-1a), ktory reguluje integralno$¢ bariery nablonkowej
jelita, produkcje mucyn oraz ekspresje cytokin i peptydoéw przeciwdrobnoustrojowych.

Obok SCFA istotne znaczenie maja metabolity tryptofanu, takie jak pochodne indolu, ktore
wplywaja na rdznicowanie makrofagdw M2, komorek Treg oraz komorek limfoidalnych typu
3 (ILC3), odpowiedzialnych za produkcje¢ interleukiny 22 (IL-22). IL-22 uczestniczy w
regeneracji nabtonka jelitowego i obronie przed patogenami [23]. Inng wazna grupa zwigzkow
sa poliaminy, np. putrescyna, odgrywajace role¢ w proliferacji komorek nabtonkowych i
limfocytow [24].

Mikrobiota jelitowa aktywnie moduluje profil cytokinowy gospodarza. Bakterie takie jak L.
rhamnosus 1 L. reuteri stymuluja produkcje przeciwzapalnej IL-10 przez komorki Treg [25],
natomiast niektore szczepy Prevotella nasilaja produkcje IL-17A, prozapalnej cytokiny
produkowanej przez komorki Th17 [26]. Z kolei Bacteroides fragilis promuje roznicowanie
Treg kosztem komoérek Thl7, co prowadzi do rozwoju tolerancji immunologicznej [27].
Zaburzenia w sktadzie mikrobioty wptywaja wiec bezposrednio na réwnowage migdzy
tolerancja a stanem zapalnym.

W chorobach autoimmunologicznych, takich jak nieswoiste zapalenia jelit, reumatoidalne
zapalenie stawow 1 toczen rumieniowaty uktadowy, wykazano istotne zmiany w skladzie
mikrobioty. U pacjentéw z nieswoistymi zapaleniami jelit obserwuje si¢ zwigkszong liczebno$¢
bakterii z rodzaju Escherichia coli, zwlaszcza szczepdéw adherentno-inwazyjnych, ktore

nasilaja odpowiedz zapalng i uszkadzajg bariere jelitowa [28]. Jednocze$nie obniza si¢ liczba
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bakterii produkujacych maslan, takich jak Faecalibacterium prausnitzii [29]. W
reumatoidalnym zapaleniu stawdw stwierdzono zwigkszong obecno$¢ Prevotella copri,
Collinsella aerofaciens oraz zmniejszenie réznorodnosci mikrobiologicznej [30]. W toczniu
rumieniowatym  ukladowym  natomiast  obserwuje  si¢  obnizony  stosunek
Firmicutes/Bacteroidetes, zmniejszenie liczebno$ci Bifidobacterium oraz zwigkszenie liczby
bakterii o potencjale prozapalnym, takich jak Rhodococcus, Eggerthella i Klebsiella [20].

Znaczenie mikrobioty jelitowej uwidacznia si¢ takze w chorobach wirusowych. W przypadku
zakazen HBV 1 HCV stwierdza si¢ zmniejszenie liczby bakterii z rodzaju Bifidobacterium i
Lactobacillus, przy jednoczesnym wzroS§cie bakterii z rodziny Enterobacteriaceae [31].
Dysbioza moze sprzyja¢ przetamywaniu odpowiedzi immunologicznej przez wirusy (tzw. viral
escape), pogarszajac rokowanie i przyczyniajac si¢ do progresji do marskosci lub raka
watrobowokomorkowego [32]. W kontekscie COVID-19 zaobserwowano, ze ciezko$¢ choroby
koreluje z zaburzeniami w mikrobiocie, m.in. spadkiem liczby bakterii z rodzaju
Faecalibacterium oraz wzrostem Streptococcus i Veillonella, co moze nasila¢ tzw. burze

cytokinowg [33].

5.2.2 Onkologia

W ostatnich latach pojawia si¢ coraz wiecej dowoddéw naukowych na to, ze sktad i aktywnos¢
mikrobioty jelitowej moze istotnie wptywac na inicjacj¢, progresj¢ oraz leczenie chorob
nowotworowych [34]. Stan dysbiozy — zaburzenie rownowagi w sktadzie mikrobioty — moze
prowadzi¢ do przewleklego stanu zapalnego, uszkodzenia bariery jelitowej i translokacji
drobnoustrojéw oraz ich toksyn do krazenia ogolnego, co sprzyja nowotworzeniu [35].

Istnieje wiele mechanizméw molekularnych, przez ktére mikroorganizmy jelitowe inicjuja
transformacj¢ nowotworowa. Przyktadem jest bakteria Helicobacter pylori, ktéra poprzez
produkcje¢ onkoproteiny CagA indukuje stres oksydacyjny, destabilizuje genom gospodarza i
promuje rozwoj raka zotadka [36]. Podobnie Fusobacterium nucleatum wspiera rozwdj raka
jelita grubego przez aktywacje szlaku sygnalowego B-kateniny oraz hamowanie aktywnosci
komorek NK poprzez biatko Fap2 [37, 38]. Inne bakterie, takie jak Escherichia coli (szczepy
produkujace kolibaktyng) 1 Bacteroides fragilis (produkujace toksyne BFT), powoduja
uszkodzenia DNA, stres oksydacyjny oraz stymulacje proliferacji komorek nablonkowych [39].
Mikrobiota moze takze wptywaé na odpowiedZ organizmu na leczenie przeciwnowotworowe.
Wykazano, ze obecno$¢ okreslonych bakterii (np. Bifidobacterium longum, Lactobacillus
johnsonii) zwigksza skuteczno$¢ chemioterapii 1 immunoterapii poprzez wzmacnianie

aktywnosci komorek T cytotoksycznych i komoérek dendrytycznych [40]. Przykiladowo,
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bakterie z rodzaju Bacteroides warunkuja skuteczno$¢ inhibitorow punktéw kontrolnych
uktadu odpornosciowego (CTLA-4 i PD-1), a ich obecno$¢ moze decydowa¢ o odpowiedzi
klinicznej pacjentdw na leczenie [41].

Z drugiej strony, stosowanie antybiotykow moze zaburza¢ sktad mikrobioty, ostabia¢
odpowiedz immunologiczng i zmniejsza¢ efektywnos$¢ leczenia przeciwnowotworowego. W
badaniach na myszach wykazano, ze antybiotykoterapia obniza skuteczno§¢ immunoterapii i
chemioterapii cyklofosfamidem, prawdopodobnie na skutek eliminacji bakterii Gram-
dodatnich, ktére uczestniczg w stymulacji limfocytow Th17 [42].

Z perspektywy terapeutycznej, rosngce zainteresowanie budzi mozliwo$¢ modulowania
mikrobioty poprzez probiotyki, prebiotyki oraz transplantacj¢ mikrobioty jelitowej (FMT).
Probiotyki, takie jak Lactobacillus casei, Bifidobacterium breve czy Clostridium butyricum,
wykazuja potencjat przeciwnowotworowy dzigki produkcji SCFA, regulacji ekspresji cytokin
oraz stymulacji odpowiedzi immunologicznej [43]. Ich obecno$¢ koreluje z zahamowaniem
wzrostu guza, poprawg tolerancji terapii i redukcja dziatan niepozadanych, takich jak biegunki
indukowane chemioterapig [44]. Ponadto, badania kliniczne i przedkliniczne wskazuja, ze
przeszczepienie mikrobioty od pacjentéw dobrze odpowiadajacych na immunoterapi¢ moze
przywréci¢ wrazliwo$¢ na leczenie u chorych pierwotnie opornych [45].

Mikrobiota jelitowa dziata zatem jako czynnik dwufunkcyjny — moze zarbwno promowac, jak
1 hamowac¢ rozwoj nowotworow. Jej wplyw zalezy od skladu mikrobiologicznego, obecnosci
okreslonych toksyn, interakcji z ukladem odporno$ciowym oraz stanu zapalnego. Kluczowym
celem przyszlych badan pozostaje identyfikacja korzystnych i1 szkodliwych szczepow bakterii
oraz opracowanie strategii terapeutycznych, ktére pozwola modulowa¢ mikrobiote w kierunku

efektow przeciwnowotworowych.

5.2.3 Hematologia
Nowotwory hematologiczne charakteryzuja si¢ niekontrolowanym rozrostem komorek uktadu
krwiotworczego 1 limfoidalnego, ktéoremu towarzyszy  ostabienie  odpowiedzi
immunologicznej. Stan taki moze sprzyja¢ zaktoceniom w skladzie mikrobioty jelitowej, co z
kolei prowadzi do namnazania patogendw oportunistycznych i dalszego ostabienia uktadu
odpornosciowego. Przyktadowo, w bialaczkach stwierdzono zmniejszong obecno$¢ bakterii z
rodzin Lachnospiraceae i Ruminococcaceae, ktore odpowiadaja za produkcje maslanu —
metabolitu o dziataniu przeciwzapalnym i przeciwnowotworowym. Ich niedobér moze
pogarsza¢ integralno$¢ bariery jelitowej 1 promowac translokacje lipopolisacharydow (LPS) do

krazenia og6lnego, nasilajac stan zapalny i progresje nowotworu [46].
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W ostrej biataczce limfoblastycznej (ALL) obserwuje si¢ zmniejszong rdznorodno$é
mikrobiologiczng oraz spadek ilo$ci Faecalibacterium prausnitzii, co koreluje z wyzszym
stezeniem interleukiny 6 (IL-6) i bialtka C-reaktywnego (CRP) [47]. Z kolei u chorych z
przewlekta biataczkg limfocytowa (CLL) w mikrobiocie jelitowej dominuje Prevotella,
bakteria promujaca roéznicowanie limfocytow Th1l7 — komorek o dziataniu prozapalnym i
potencjalnie wspierajacych rozwoj nowotworu [48]. W biataczkach szpikowych, zaréwno
ostrych (AML), jak i przewleklych (CML), takze odnotowano zmiany w mikrobiocie, m.in.
wzrost liczby bakterii z rodzaju Streptococcus 1 Actinobacteria oraz spadek korzystnych
bakterii produkujacych SCFA [49].
W przypadku chioniakow, zwlaszcza chloniaka z duzych komorek B zaobserwowano
zwigkszong obecno$¢ Escherichia coli 1 Clostridium butyricum [50]. E. coli moze wytwarzaé
kolibaktyn¢ — toksyne uszkadzajaca DNA, natomiast C. butyricum, dzigki produkcji maslanu,
moze wywiera¢ dziatanie przeciwnowotworowe [39]. Co ciekawe, zakazenie bakterig
Helicobacter pylori jest istotnym czynnikiem rozwoju chloniaka MALT (tkanki chlonnej
zwigzanej z btong §luzowg), a sama jej eradykacja moze prowadzi¢ do remisji nowotworu [51].
Liczne czynniki, takie jak droga porodu, sposob karmienia, dieta, styl Zycia, stosowanie
antybiotykow, chemioterapia czy przeszczepienie komodrek krwiotwdrczych, istotnie wptywaja
na sktad i funkcjonowanie mikrobioty jelitowej [52]. Chemioterapia i radioterapia moga
uszkadza¢ nablonek jelitowy, prowadzac do translokacji bakterii i nasilenia stanu zapalnego.
Przeszczepienie komoérek krwiotworczych moze z kolei prowadzi¢ do powaznych powiklan,
takich jak choroba przeszczep przeciwko gospodarzowi (GvHD), ktorej cigzkos¢ koreluje z
obecnoscig okreslonych taksonow bakteryjnych, m.in. z rodziny Enterobacteriaceae [53].
Z uwagi na rosnaca role mikrobioty w patogenezie 1 terapii nowotworéw hematologicznych,
coraz wigksze zainteresowanie budzi mozliwo$¢ jej modulowania. Podobnie jak w innych
chorobach nowotworowych rozwazane sg probiotyki, prebiotyki, dieta wysokobtonnikowa oraz
FMT.

5.2.4 Neurologia.
Istnieje coraz wigcej dowodow naukowych potwierdzajacych istnienie tzw. osi jelito- mozg
(gut-brain axis, GBA), stanowiacej dwukierunkowy szlak komunikacyjny mi¢dzy mikrobiota
jelitowa a osrodkowym uktadem nerwowym (OUN), poprzez mechanizmy neuroendokrynne,
immunologiczne i metaboliczne [54].
W prawidlowych warunkach mikrobiota wptywa korzystnie na rozwdj i funkcjonowanie
uktadu nerwowego, m.in. poprzez syntez¢ neurotransmiteréw (takich jak GABA, serotonina,

dopamina), SCFA, a takze regulacj¢ ekspresji neurotrofin, w tym czynnika neurotroficznego
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pochodzenia mozgowego (BDNF) [55]. Dysbioza, czyli zaburzenia w skladzie i
funkcjonowaniu mikrobioty, moze jednak przyczynia¢ si¢ do rozwoju licznych schorzen
neurologicznych, w tym choroby Parkinsona, choroby Alzheimera, stwardnienia rozsianego,
padaczki, autyzmu, udaru mézgu czy stwardnienia zanikowego bocznego (ALS) [56].

W chorobie Parkinsona obserwuje si¢ m.in. zwigkszona obecno$¢ bakterii z rodziny
Enterobacteriaceae 1 zmniejszenie liczby bakterii Prevotellaceae. Zmiany te koreluja z
nasileniem objawdéw motorycznych oraz obecno$cig agregatow a-synukleiny w ukladzie
nerwowym [57]. Badania z wykorzystaniem modeli zwierzecych wykazaly, ze transplantacja
katu od pacjentéw z chorobg Parkinsona do myszy wywotuje u tych ostatnich objawy
neurozapalne i zaburzenia ruchowe, co wskazuje na udzial mikrobioty w patogenezie choroby
[58]. Rowniez SCFA, cho¢ niezbedne w fizjologicznych ilo$ciach, moga w nadmiarze
indukowac neurozapalne procesy w mozgu [59].

W chorobie Alzheimera stwierdza si¢ z kolei zwigkszona obecno$¢ bakterii prozapalnych,
takich jak Escherichia coli 1 Shigella, oraz zmniejszenie liczby bakterii o dziataniu
przeciwzapalnym, takich jak Eubacterium rectale [60]. Zaburzenia w skladzie mikrobioty
prowadza do zwigkszonej produkcji cytokin zapalnych (IL-1PB, TNF-a) oraz aktywacji
inflammasomoéw, ktore promuja odktadanie si¢ blaszek amyloidowych i hiperfosforylacje
biatka tau w mozgu [61]. Dodatkowo, mikrobiota wplywa na integralno$¢ bariery jelitowej i
moze oddziatywaé na funkcjonowanie bariery krew-modzg, przyczyniajac si¢ do progresji
neurodegeneracji [62].

W stwardnieniu rozsianym (MS) wykazano, ze kolonizacja jelit przez bakterie segmentowane
filamentowe (SFB) indukuje odpowiedz limfocytow Th17. Z drugiej strony, obecno$¢ bakterii
z rodzaju Bacteroides czy Prevotella moze wspiera¢ aktywno$¢ komorek T regulatorowych
(Treg) i hamowa¢ postgp choroby [63]. Zmiany w sktadzie mikrobioty jelitowej wptywaja
réwniez na przepuszczalno$¢ bariery jelitowej oraz poziom cytokin prozapalnych, co przeklada
si¢ na nasilanie procesu demielinizacji i neurozapalnego charakteru choroby [64].

Autyzm (ASD) to kolejny przyktad schorzenia, w ktérym mikrobiota odgrywa znaczaca rolg.
Okoto 40% o0sob z ASD cierpi na zaburzenia zotadkowo-jelitowe, co sugeruje mozliwy udziat
mikrobioty w patogenezie choroby [65]. Zmiany w skladzie mikrobioty jelitowe] moga
wplywa¢ na rozwoj neuropsychiatryczny dziecka poprzez mechanizmy immunologiczne i
metaboliczne, prowadzac do zaburzen funkcji poznawczych, nastroju i zachowania [66]. FMT
od zdrowych dawcow wykazata poprawe objawdw behawioralnych u dzieci z autyzmem, cho¢

doktadne mechanizmy pozostaja jeszcze nie do konca poznane [67].
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W przypadku udaru moézgu i urazowego uszkodzenia moézgu, dysbioza mikrobioty jelitowej
moze zwigkszaé przepuszczalno$¢ bariery jelitowej oraz promowaé migracje limfocytow T do
modzgu, co poteguje procesy neurozapalne i powigksza objetos¢ obszarow uszkodzenia [68]. Z
kolei metabolity wydzielane przez sktadniki mikrobioty, takie jak TMAO (trimetyloamina-N-
tlenek), pochodzace z diety bogatej w choling, sg zwigzane z ryzykiem miazdzycy i udaru [69].
W padaczce obserwuje si¢ roznice w sktadzie mikrobioty pomigdzy pacjentami reagujagcymi i
niereagujacymi na leczenie. Dieta ketogenna, stosowana jako terapia wspomagajaca w
lekoopornej padaczce, wplywa korzystnie na sklad mikrobioty (np. zwigkszenie liczby
Akkermansia muciniphila, Parabacteroides) 1 moze redukowac czesto$¢ napadow [70]. Istnieja
réwniez dowody na to, ze probiotyki moga modulowa¢ cz¢sto$¢ napaddéw poprzez wpltyw na
metabolizm neuroprzekaznikow.

W ALS, jak i w chorobie Huntingtona, obserwuje si¢ zmniejszenie liczby bakterii
produkujacych maslan oraz zmiany w réznorodnosci mikrobiologicznej, ktore moga wptywac
na integralno$¢ nabtonka jelitowego, poziom cytokin zapalnych oraz rozw6j neurodegeneracji
[71]. W badaniach klinicznych z zastosowaniem probiotykdw odnotowano pewne zmiany w
sktadzie mikrobioty, jednak brak jeszcze wystarczajacych danych, ktore pozwolityby

jednoznacznie potwierdzi¢ skuteczno$¢ tego typu interwencji.

5.3.Rola mikrobioty jelitowej w patogenezie, leczeniu i powiklaniach szpiczaka

plazmocytowego — opis aktualnego stanu wiedzy.
Szpiczak plazmocytowy rozwija si¢ najczesciej ze stanow przednowotworowych, takich jak
gammopatia monoklonalna o nieokreslonym znaczeniu (MGUS) oraz tzw. ,,tlacy si¢” szpiczak
mnogi (SMM). Cho¢ transformacja MGUS do MM zachodzi jedynie u okoto 1% pacjentow
rocznie, to mechanizmy odpowiedzialne za t¢ progresje pozostaja nie do konca poznane [72].
W ostatnich latach coraz wigcej uwagi poswieca si¢ mikrosrodowisku szpiku kostnego oraz
wplywowi mikrobioty jelitowej na immunologiczne i metaboliczne warunki sprzyjajace
klonalnej ekspansji komorek plazmatycznych.
Istnieja dowody, ze komorki nowotworowe MM moga ksztattowac sktad mikrobioty jelitowej,
jednoczes$nie bedac pod wplywem metabolitow bakteryjnych. Jednym z kluczowych
mechanizmoéw jest nadprodukcja amoniaku (NH4") przez komoérki MM, wynikajaca z ich
zwigkszonego zapotrzebowania na glutaming. NHa" przeksztalcany jest w watrobie do
mocznika, jednak przy niewydolno$ci nerek, charakterystycznej dla wielu pacjentéw z MM,
nastepuje wzrost st¢zenia mocznika we krwi i jego zwigkszony transport do §wiatla jelita. To

srodowisko sprzyja kolonizacji przez bakterie odpowiedzialne za przemiany zwigzkéw
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azotowych, takie jak Klebsiella pneumoniae 1 Streptococcus pneumoniae, ktore przeksztatcaja
mocznik z powrotem do glutaminy — kluczowego aminokwasu wspierajagcego metabolizm
komoérek nowotworowych [73]. Rownie istotng rol¢ odgrywaja SCFA, takie jak maslan,
propionian i octan, produkowane przez bakterie fermentujace btonnik. SCFA maja zdolnos¢
hamowania czynnikoOw prozapalnych, takich jak NF-kB, IL-6 i TNF-a, oraz promowania
réznicowania komorek T regulatorowych (Treg) poprzez indukcje ekspresji FOXP3 i IL-10
[74]. Rownoczes$nie moga one ogranicza¢ aktywno$¢ prozapalnych komoérek Thl7, co jest
istotne, gdyz IL-17 — kluczowa cytokina produkowana przez Th17 — odgrywa rol¢ w aktywacji
osteoklastow i tworzeniu ognisk litycznych w kosciach, charakterystycznych dla MM. Badania
wykazaly, Ze poziom IL-17 jest podwyzszony u pacjentow z MM oraz SMM, i moze stanowi¢
marker predykcyjny progresji choroby [75].

Kolonizacja jelita przez Prevotella heparinolytica prowadzi do réznicowania komoérek Th17 i
ich migracji do szpiku kostnego, gdzie nasilajg proliferacj¢ komoérek MM. Zahamowanie IL-17
lub jego receptora w modelach zwierzgcych opdzniato progresje choroby, co wskazuje na
potencjalng warto$¢ terapeutyczng ukierunkowang na mikrobiote jelitowa i zwigzane z nig
szlaki immunologiczne [76].

Najnowsze badania genetyczne dostarczaja kolejnych dowodow na zwigzek przyczynowy
mi¢dzy mikrobiota a MM. Badanie oparte na randomizacji mendlowskiej z 2024 roku
wykazato, ze wyzsza obfitos¢ bakterii z grupy Eubacterium ruminantium jest przyczynowo
zwigzana ze zwigkszonym ryzykiem rozwoju MM (OR=1.71). Z kolei obecno$¢ bakterii z
rodzajow Dorea (OR=0.46) i Coprococcus (OR=0.47) oraz z grupy Eubacterium rectale
(OR=0.37) ma dziatanie ochronne. Odkrycia te stanowig fundamentalny krok naprzod,
przesuwajac paradygmat z obserwacji korelacyjnych w kierunku zrozumienia przyczynowo-
skutkowych mechanizmoéw lezacych u podstaw wplywu mikrobioty na inicjacj¢ szpiczaka [77].
Sktad mikrobioty jelitowej wptywa réwniez na odpowiedz na leczenie MM. W szczegdlnosci,
obecno$¢ bakterii produkujacych maslan, takich jak Faecalibacterium prausnitzii 1
Eubacterium hallii, byta skorelowana z osiggnigciem ujemnej minimalnej choroby resztkowej
(MRD) po leczeniu indukujagcym remisje¢ i przeszczepieniu komoérek macierzystych [78]. Z
kolei stosowanie antybiotykéw o szerokim spektrum, zwlaszcza w  okresie
okotoprzeszczepowym, wigze si¢ z dysbioza 1 gorszymi wynikami leczenia, w tym krétszym

przezyciem wolnym od progresji (PFS).

5.4.Uzasadnienie polaczenia prac w cykl publikacji.
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Przedtozony cykl publikacji tworzy spojna i wielopoziomowa narracj¢ naukowa, badajaca
wplyw mikrobioty jelitowej na szpiczaka plazmocytowego od mechanizmoéw podstawowych
po bezposrednie implikacje kliniczne. Spojno$¢ cyklu opiera si¢ na potaczeniu prac
przegladowych, ktore buduja fundament teoretyczny, z pracami oryginalnymi, ktore weryfikuja
postawione hipotezy w warunkach klinicznych. Prace przegladowe (Publikacja 3 i 4)
dogtebnie analizujg aktualny dla czasu opublikowania stan wiedzy na temat roli mikrobioty w
patogenezie dyskrazji plazmocytowych. Ukazuja, w jaki sposob dysbioza, przewlekta
stymulacja antygenowa i metabolity bakteryjne moga przyczynia¢ si¢ do progresji od stanu
MGUS do petnoobjawowego MM oraz wplywac na skutecznos¢ terapii. Stanowia one szerokie
tto biologiczne i uzasadnienie dla podjgcia badan klinicznych. Prace oryginalne (Publikacja
1 i 2) przenosza te koncepcje do praktyki klinicznej, koncentrujac si¢ na kluczowym etapie
leczenia mtodszych i ,,fit” chorych, jakim jest auto-SCT.

W publikacji nr 1 skupiono si¢ na zaburzeniach sktadu mikrobioty jelitowej skutkujacej
kolonizacja przewodu pokarmowego bakteriami antybiotykoopornymi. Zbadano wptyw tych
kolonizacji na rozwdj powiktan po auto-SCT, w szczego6lnosci powiktan infekcyjnych.

W publikacji nr 2 przedstawiono toksyczne uszkodzenie §luzowek jamy ustnej jako jedno z
najczestszych powiktan auto-SCT u chorych ze szpiczakiem plazmocytowym. Réwniez to
powiktanie moze mie¢ zwigzek z zaburzeniami mikrobioty bytujacej w jamie ustne;.

W publikacji nr 3 przedstawiono na poziomie molekularnym szereg interakcji jakie powstaja
pomiedzy komoérkami $luzoéwki przewodu pokarmowego a mikroorganizami wchodzacymi w
sktad mikrobioty jelitowej u chorych z dyskrazjami plazmocytowymi, wérdd nich najczestsza
— szpiczakiem plazmocytowym.

W publikacji nr 4 pokazano rol¢ mikrobioty jelitowej w patogenezie, leczeniu i jego
powiklaniach u chorych z dyskrazjami plazmocytowymi. Skupiono si¢ szczegdlnie na
czynnikach zwigzanych z mikrobiotg mogacych mie¢ zwigzek z tempem progresji od MGUS
przez SMM do pelnoobjawowego MM.

Razem, niniejszy cykl publikacji przedstawia holistyczne spojrzenie na problem: od
zrozumienia fundamentalnych mechanizméw patogenetycznych, przez identyfikacje klinicznie
istotnych czynnikdw ryzyka, az po =zaproponowanie praktycznych, opartych na
dotychczasowych dowodach interwencji poprawiajacych bezpieczenstwo i wyniki leczenia

pacjentéw z MM.

6. Zalozenia i cel pracy.
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Gléwnym celem projektu byla ocena roli jaka odgrywa mikrobiota jelitowa w leczeniu i
powiklaniach chorych ze szpiczakiem plazmocytowym, ze szczegdlnym uwzglednieniem
chorych mtodszych, w dobrej formie, ktérzy moga by¢ poddani procedurze auto-SCT.

W dwobch pracach oryginalnych o charakterze retrospektywnym przedstawiono dane
wskazujace na realny wplyw bariery jelito-krew oraz sktadu mikrobioty jelitowej w
ksztattowaniu si¢ odsetka poszczegdlnych powiklan po podaniu wysokodawkowanej
chemioterapii wspomaganej przeszczepieniem autologicznych komorek krwiotwoérczych.

W dwoch pracach przegladowych dokonano gruntownej analizy literatury, przedstawiajac
dowody na realny i potencjalny wplyw mikrobioty jelitowej na wyniki leczenia i czgsto$¢

powiktan u chorych z dyskrazjami plazmocytowymi.
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7. Kopie opublikowanych prac

7.1.Publikacja 1
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Impact of gut colonization by
antibiotic-resistant bacteria on
the outcomes of autologous stem
cell transplantation in multiple
myeloma

Marcin Jasiriski%+?, Jarostaw Bilinski'3", Martyna Maciejewska, Karolina Ostrowska®,
Patrycja Rusicka-Krzewska?, Wojciech Konarski®, Edyta Podsiadty*®, Emilian Snarski’ &
Grzegorz W. Basak®3

Patients undergoing autologous stem cell transplantation (auto-SCT) face elevated risks of infections.
Additionally, patients colonized in the gastrointestinal tract with antibiotic-resistant bacteria (ARB)
are at higher risk of infection with ARB and other infections. Therefore, patients colonized with

ARB before auto-SCT should present with an exceptionally high incidence of infections. According

to current literature, ARB colonization is the surrogate marker for dysbiosis, which is known to be
associated with a diagnosis of multiple myeloma (MM). Given that, this retrospective study aimed to
assess the influence of ARB colonization on infection rates, hematopoiesis regeneration, mucositis,
overall survival, and progression-free survival following auto-SCT in MM. Data from 138 MM patients
undergoing 141 auto-SCT were analyzed, with 15% showing ARB colonization. Among colonized
patients, ESBL-producing gram-negative rods predominated. Patients with gut ARB colonization had
significantly higher infection rates than non-colonized individuals (52 vs. 26%, P =0.02), particularly
bloodstream infections (43% vs. 14%, P = 0.004). Colonized patients also tended to exhibit shorter
survival rates although there was no statistical significance (1-year and 2-year OS; non-colonized vs.
colonized; 97 and 92% vs. 90 and 86%; p =0.054). Based on our results, gut colonization before auto-
SCT negatively affects treatment outcomes.

Keywords Autologous hematopoietic stem cell transplantation, Antibiotic-resistant bacteria, Gut
colonization, Infection rates, Fecal microbiota transplantation

Resistance of bacteria against antibiotics is known as a global threat, and in 2019, approximately 5 million deaths
globally were attributable to that phenomenon'. Predictions exist that antibiotic resistance will cause more
deaths than cancer soon?. Therefore, patients’ colonization with antibiotic-resistant bacteria (ARB) is sometimes
called the state of a “ticking bomb”. Although it is not a disease per se, ARB colonization increases the risk of
mortality due to infections. That is particularly worrying in immunocompromised individuals, where mortality
is reaching up to 95%>*.

An important reason for ARB colonization is the impairment of the gut microbiota composition, which
creates niches for new bacteria. Such damage to the gut microbiota repertoire may result from the administration
of antibiotics, chemotherapeutics, or immunosuppression®. The Bone Marrow Transplantation Units are
locations where the admitted patients are frequently colonized with ARB. That is due to the profile of individuals
with impaired gut microbiome, resulting from numerous antibiotics, long and numerous hospitalizations, and
microbiota-damaging therapies before allogeneic hematopoietic stem cell transplantation (alloHSCT). We have
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previously shown that even 31% of all patients qualified for alloHSCT are colonized with ARB?, but there are
also centers where the colonization rate approaches 70%°. That alone increases the risk of systemic infections
and acute graft-versus-host disease (aGHVD) incidence’. Our team and other authors proved that the ARB
colonization before alloHSCT is also associated with the significant shortening of the overall survival (OS)>"~".

Our group revealed that fecal microbiota transplantation (FMT) performed in patients with blood disorders
promotes the eradication of ARB from the gastrointestinal tract!?. Furthermore, in the recent work of Innes
et al., it was shown that fecal microbiota transplantation (FMT) in ARB carriers could mitigate the adverse
outcomes seen in alloHSCT recipients, such as fever and intensive care, however, without significant impact on
OS!!. The role of FMT in the treatment of aGvHD has also been documented by us and other teams!*3.

Plasma cell dyscrasias are a group of diseases derived from a mutated clone of plasma cells producing the
monoclonal protein. The most common disease in that group, and simultaneously the second most common
hematologic malignancy, is multiple myeloma (MM). It is still an incurable disease, although considerable
progress in treatment has been made in recent years due to new drug development'*. Despite that, autologous
stem cell transplantation (auto-SCT) preceded by high-dose melphalan infusion is still the most common
consolidation therapy for younger and fit patients'®. Melphalan used in conditioning is frequently associated
with mucositis, typically affecting the patients a few days after the procedure'®. Frequently, not only the oral
mucosa is affected (which in particularly severe cases can lead to opioid requirement and parenteral nutrition)
but the intestinal mucosa as well. That can cause the disintegration of the gut epithelium and mucosa-
associated lymphoid tissue (MALT) disruption, dramatically increasing the risk of gut microbes’ influx into
the bloodstream, subsequent bacteriemia, and sepsis!’. It was also shown that the gut microbiota of patients
with plasma cell dyscrasias is frequently disrupted, mainly because of antibiotics frequently prescribed for these
patients. Moreover, the plasma cells have numerous direct and indirect interactions with gut epithelium, shaping
the gut microbiota composition'®'?. Taking into consideration what was previously said about ARB and that
patients on hematology wards are frequently being ARB-colonized, such patients are at significant risk of life-
threatening infections.

Knowing that ARB colonization is the surrogate marker for gut microbiota disruption, we wanted to
learn if gut ARB colonization alone influences the rate of infections and bacteremia after auto-SCT and how
it affects mortality. Furthermore, the influence of ARB colonization on other events, such as regeneration of
hematopoiesis, mucositis, overall survival, and progression-free survival potentially associated with that factor,
was analyzed.

Methods

Study design

This retrospective, single-center study used clinical data on consecutive MM patients who underwent auto-SCT
between August 2016 and June 2022 in the Department of Hematology, Transplantation, and Internal Medicine
of the Medical University of Warsaw, Poland.

Materials and methods

Patients’ gut colonization data were collected during a three-month period before auto-SCT. At least one
positive isolate collected from a rectal swab (performed by qualified nurse) was enough to classify the patient
as colonized. Moreover, results from blood, urine, and feces samples regarding the infectious sites during the
three-month period after auto-SCT were included in the study. A total of 4776 clinical specimens were analyzed
during the study period.

Data collection
Patient information was collected from the laboratory records, including species of bacteria and antibiotic
sensitivity patterns.

Microbiological procedures
Bacteria were cultured using bacteriological media according to laboratory procedures. Blood cultures were
performed with Plus Aerobic/F and Anaerobic/F culture bottles (Becton, Dickinson, and Company) and
monitored using the Bactec FX system (Becton, Dickinson, and Company) for 7 days. Bacterial identification
was performed with MALDI-TOF mass spectrometry with Microflex LT mass (Bruker, Germany) using the MBT
Compass IVD software (Bruker Daltonics, Germany) according to manufacturer instructions. Antimicrobial
susceptibility testing (AST) was performed with the Kirby-Bauer disk diffusion method for the following
antibiotics: ertapenem, meropenem, imipenem, temocillin, vancomycin, cefoxitin and interpreted according
to European Committee on Antimicrobial Susceptibility Testing guidelines (2012). Bacteremia was defined as
at least one positive blood culture, irrespective of clinical symptoms. Two consecutive positive cultures were
required to confirm bacteremia caused by coagulase-negative pathogens.

The ability of isolates to produce carbapenemases (MBL, KPC OXA-48) was investigated by DDST-EDTA
- double-disk synergy with ethylenediaminetetraacetic acid - detected MBL and CDT - combined disk test —
detected KPC. Produce OXA-48 detected using an antibiogram disc with temocillin. Rapidec Carba NP and/or
the GeneXpert qualitative real-time PCR method (Cepheid, Sunnyvale, CA) were also done.

ESBL was detected with the phenotypic confirmation method - double-disk synergy test (DDST).

Procedures and definitions

All patients had standard anti-bacterial prophylaxis with quinolones from day 0 till engraftment. Engraftment day
was defined as the day when values of white blood cells (WBC) > 1000/l and neutrophils (NEU) > 0.5x 10°/L
were reached for the first time and did not decrease during the two consecutive days. Neutropenic fever
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was defined according to ESMO guidelines as an oral temperature of >38.3 °C or two consecutive readings
of >38.0 °C for 2 h and an absolute neutrophil count (ANC) of <0.5x 10°/L, or expected to fall below that
threshold®. In the case of febrile episodes during the neutropenic period, patients were treated with antibiotics
targeting the gut-colonizing ARB and standard, broad-spectrum antibiotics. The severity of the disease and the
patient’s status were measured with HCT-CI, and the most important features before auto-SCT were listed.

ARB bacteria were defined as bacteria resistant to clinically relevant antibiotics, which mean that given
antibiotic is the last from the repertoire of classical antibiotics capable of treating in a given group, or a given
antibiotic is the last oral antibiotic in a given group, etc. Generally, in this work, when defining ARB, we meant
primarily antibiotic resistance determined by resistance to at least 3 classes of antibiotics (MDR - multidrug
resistance), mostly ESBL, VRE and CPE (CRE), and ARB colonization was stated if one of those three resistance
mechanism were present.

All patients provided standard informed consent for auto-SCT, data analysis, and publication. According
to the local guidelines, rectal swabs were collected as a standard practice in all hospitalized patients. According
to Polish law, the approval of the institutional review board was not required because of the noninterventional
nature of the study. The study was performed in accordance with the Declaration of Helsinki and approved by
the internal review board of the Department of Hematology, Transplantation, and Internal Medicine of the
Medical University of Warsaw.

Statistical analysis
The 1- and 2-year overall survival of patients after auto-SCT was analyzed. Surviving patients were censored at
the last follow-up examination or the date of subsequent auto-SCT.

Patients” baseline characteristics were summarized and tested with appropriate statistical analyses (Mann-
Whitney U-test for continuous variables, the Pearson chi-square test, and Fisher’s exact test for categorical
variables).

Transplant-related events and outcomes were tested with Fisher’s exact test, and the log-rank test was used
for survival analysis.

Results

Patients characteristics

The study included 138 patients who underwent 141 auto-SCTs. Clinical characteristics and demography are
shown in Table 1. There was an equal sex distribution (52% men), and the median age at the time of auto-SCT
was 60 years (range, 37 to 71). The median time from the diagnosis of MM to auto-SCT was 9 months (range,
1 to 144). The most commonly administered dose of melphalan was 200 mg/m? (72 auto-SCT, 51%), but the
reduced dose of 140 mg/m? was also common (58 auto-SCT, 41%). Most of the patients reached very good partial
response (VGPR) before the auto-SCT (67 patients, 48%) or better (VGPR+ CR+sCR (94 patients, 67%). At
the time of auto-SCT, 15% of patients (1 =21) were colonized by ARB in the gut. Twenty-four ARB species were
isolated from rectal swabs (3 patients had 2 colonizing ARB species). Among the most common colonizing ARB,
Escherichia coli ESBL +was present in 6.4% and Klebsiella pneumoniae ESBL +in 3.5% of patients (Fig. 1). There
were no significant differences in patient characteristics between groups (colonized vs. non-colonized). Most
importantly, there were no differences between patients’ general statuses regarding HCT-CIL.

Impact of the ARB colonization on the results and complications of autoSCT

The hematopoietic cell engraftment occurred after a median of 10 days post auto-SCT (range 5-25 days).
The median time of neutropenia and thrombocytopenia following the transplantation was similar between
the groups. Similarly, the difference in number of days with G-CSF support was not statistically significant.
Oral mucositis (OM) occurred in 60 patients (46%) overall, and the rate of OM between the groups was not
statistically significant (Table 2).

In three months following the transplantation, 30% of all patients (n=42) experienced at least 1 infection.
The most common etiology was C. difficile, responsible for pseudomembranous colitis (N=6). Twenty-six (18%)
had bacteriemia. Significant differences existed in the incidence of infections between the non-colonized and
the gut-colonized groups (26 vs. 52%, P=0.02) (Figs. 2 and 3). Moreover, there was a statistically significant
difference between the non-colonized and gut-colonized groups regarding bacteremia incidence (14 vs. 43%,
P=0.004) (Figs. 4 and 5). What is particularly interesting, only in 2 patients in the colonized group the infection
agent was the same as the gut-colonizing bacteria pre-auto-SCT (22%). In both cases, bacteriemia with a
colonizing microbe was identified.

The rate of neutropenic fever in all patients was 12% (n=15). The difference in neutropenic fever incidence
between groups (colonized vs. non-colonized) was not statistically significant (11% vs. 20%; p=0.317). The
overall survival status showed no statistically significant differences between the groups. In the group of all
patients, the 1-year and 2-year OS was 96 and 91%, respectively, in the median observation time of 43.0 months.
There were no statistically significant differences in the case of 1-year and 2-year OS between the non-colonized
vs. colonized group, respectively (97 and 92% vs. 90 and 86%; p=0.054).

Discussion

This retrospective, single-center analysis showed that 15% of all auto-SCT procedures involved patients being
colonized with ARB. That condition influenced the infection rate — bacteriemia occurred in 43% of colonized
patients, whereas it occurred only in 14% of non-colonized individuals (p =0.004). Additionally, the rate of all
infections was also higher. In the colonized group, it reached 52%, while in the non-colonized group, it was 26%
(p=0.02).
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Non-colonized Colonized

Characteristics All auto-SCT (n=141) | (n=120) (n=21) P value
Year of autoSCT, median (range) 2018 (2016-2022) 2018 (2016-2022) | 2017 (2016-2021) | NS
Male sex (N, %) 73 (52) 62 (52) 11 (52) NS
Age at autoSCT, yr, median (range) 60 (37-71) 61 (37-71) 60 (44-70) NS
Time from diagnosis to autoSCT, mo, median (range) 9 (1-144) 9 (1-144) 9 (5-52) NS
Stage of disease at diagnosis (ISS) (N, %) N=100 N=83 N=17

1 31(31) 26 (31) 5(29) NS
2 28 (28) 23 (28) 5(29)

3 41 (41) 34 (41) 7 (42)

I({)CT'CI 58 (41) 53 (44) 5(24)

o 54 (38) 41 (34) 13 (62) 0.053
3 or higher 29 (21) 26 (22) 3(14)

Melphalan dose (N, %) N=134 N=113 N=21

50 mg/m? 1(1) 1(1) 0(0)

100 mg/m? 3(2) 2(2) 1(5) NS
140 mg/m? 58 (43) 49 (43) 9 (43)

200 mg/m? 72 (54) 61 (54) 11 (52)

I;e];ponse before autoSCT (N, %) 1) 1) 0(0)

SD 3(2) 3(3) 0(0)

R 43 (30) 37 (30) 6(29) NS
VGPR 67 (48) 55 (46) 12 (57)

CR 19 (13) 18 (15) 1(5)

SCR 8(6) 6(5) 2(9)
Ii;slgonse to the therapy before autoSCT (N, %) 47 (33) 41 (34) 6(29) NS
>VGPR 94 (67) 79 (66) 15 (71)
Fresh/frozen cells (N, %) N=122 N=104 N=18

Fresh 85 (70) 75 (72) 10 (56) NS
Frozen 37 (30) 29 (28) 8 (44)
Creatinine at the day of autoSCT, mmol/l, median (range) | 0.94 (0.42-9.65) 0.93 (0.42-7.3) 1.27 (0.46-9.65) NS
Isotype of IgH (N, %) N=108 N=93 N=15
IgG 80 (63) 70 (66) 10 (67) NS
IgA 24 (19) 20 (18) 4(27)

IgD 4(3) 33 1(6)
LCD 58 (41) 50 (42) 8 (38) NS
Number of cells infused (x 10¢/kg), median, range 4.76 (2.03-27) 4.77 (2.03-27) 4.53(3.29-9.91) NS

Table 1. Baseline characteristics of patients included in the study. LCD (light chain disease), PD (progressive
disease), SD (stable disease), PR (partial response), VGPR (very good partial response), CR (complete
response), sCR (stringent complete response).

The percentage of colonized patients before auto-SCT was significantly different compared to individuals
undergoing alloHSCT (31%)°. Furthermore, the gut colonizing bacteria were different as well. Whereas in the
population of patients before alloHSCT, the bacteria species were predominantly VRE and then ESBL-producing
gram-negative rods, in our cohort, the main bacteria were the latter ones and Stenotrophomonas maltophilia
(natural resistance against carbapenems and aminoglycosides). VRE was detected only in a minimal number
of patients (n=2). Given that ARB colonization is the surrogate marker for poor gut microbiota repertoire
(dysbiosis), it can be concluded that the impairment of gut microbiota composition is far more noticeable in the
population of patients treated with alloHSCT than in the auto-SCT cohort. The reason may be the higher overall
incidence of infections before alloHSCT and the more liberal usage of broad-spectrum antibiotics affecting the
gut microbes (different than in an auto-SCT setting). Similar outcomes were shown in other publications, which
showed the influence of ARB colonization on stem cell transplantation. In the paper published by Forcina et al.,
the multidrug-resistant gram-negative bacteria (MDR) colonized 16,9% and 9,6% of patients before allogeneic
and autologous hematopoietic stem cell transplantation, respectively?!.

As mentioned before, patients with MM are particularly susceptible to infections. Given the fact that the
time from the first symptoms till the diagnosis of malignancy is usually longer (in contrast to acute myeloid/
lymphoblastic leukemia), they are typically treated with numerous antibiotics during that time. Despite that, in
our and other works, the colonization rate before auto-SCT proved much lower than in alloHSCT recipients.
That may be because the time from the start of MM treatment to auto-SCT is relatively short (median 9 months;
range 1-144 months), and the treatment is less intensive than in the case of acute leukemia or other aggressive
cancers. In addition, contrary to individuals with acute myeloid/lymphoblastic leukemia, patients with MM
are usually treated as outpatients and have a lower risk of neutropenia and associated with that infections.
Given that infections remain the leading cause of mortality in patients with plasma cell dyscrasias, it is essential
to decrease the colonization rate before the auto-SCT to transform the abovementioned statistics into fewer
infections during the time following the procedure. One of the most promising procedures is fecal microbiota
transplantation and microbiota modulation.
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Fig. 1. Gut-colonizing ARB pathogens in the period of 3 months before auto-SCT.

All auto-SCT | Non-colonized | Colonized

Variable (n=141) (n=120) (n=21) Pvalue

. N=130 N=113 N=17
Mucositis N (%) 60 (46) 52 (46) 8 (47) NS
Engraftment - day; median, range 10 (5-25) 10 (5-25) 10 (9-20) NS
Neutropenia<1,5 G/, median days, range 5(0-18) 5(0-18) 5.5(3-18) | NS
Thrombocytopenia <20 G/1, median days, range | 12 (1-49) 12 (1-41) 12 (1-49) NS
G-CSE, days, median, range 10 (3-23) 10 (6-23) 10.5 (3-20) | NS

. N=124 N=109 N=15

Neutropenic fever N (%) 15 (12) 12311) 3 (20) NS
Patients with at least 1 infection N (%) 42 (30) 31 (26) 11 (52) P=0.02
Bacteriemia _
N (%) 26 (18) 17 (14) 9 (43) P=0.004

Table 2. Transplant-related events and outcomes.

Analyzed data also showed no statistical differences between the groups regarding time to engraftment,
days of G-CSF administration, the incidence of mucositis, days of neutropenia, or thrombocytopenia. On the
contrary, it was showed that patients colonized in the gut tended to have a higher incidence of neutropenic
fever following the procedure than the non-colonized individuals. However, these results proved not statistically
significant (11 vs. 20%, P=0.317). As previously mentioned, particularly interesting results were seen in the
case of infection rates in different groups. In the whole cohort, the infection rate was 30%, whereas 18% of
patients had bacteriemia. That is far less than in the alloHSCT population, which had bacteriemia in 32% of
all patients, citing our previous work®. The most frequent bloodstream infection agent was coagulase-negative
staphylococci, which is common in patients undergoing autoSCT with central venous access. In the group with
ARB gut colonization, 52% of patients had at least one episode of infection during the time of 3 months after the
procedure, whereas in the non-colonized group, 26% (P=0.02). That shows the dominant role of gut colonization
as the risk of infections after the procedure. The positive blood culture rate post-auto-SCT period showed even
more interesting results. In the gut-colonized group, 43% had at least one episode of bacteremia, whereas in the
non-colonized group, only 14% (P=0.004). Nevertheless, when the etiology of this bacteriemia was analyzed,
only in 2 patients did the etiology factor correspond with ARB colonization before auto-SCT. It is considered as
ARB colonization is a marker of dysbiosis, and this increases the rate of bacterial translocation, but ARB are not
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Fig. 2. Number of patients with other than bacteriemia infections 3 months after autoSCT and their etiologies
(non-colonized group).
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Fig. 3. Number of patients with other than bacteriemia infections 3 months after autoSCT and their etiologies
(colonized group).

“in advantage” to be translocated - it is the result of biology and statistics. Most often, the translocating bacteria
is “typical gut bacteria”. The same observation was seen in our previous study with patients undergoing alloSCT?.

Regarding OS analysis (1-year and 2-year OS; non-colonized vs. colonized group; 97 and 92% vs. 90 and
86%; p=0.054), the difference was not statistically significant, although the tendency for shorter survival in the
colonized group is visible.

Previous works on ARB colonization and its effects on the auto-SCT setting mainly addressed the disruption
of the gut microbiota. The group of Peled et al. showed that the gut microbiota of auto-SCT recipients is
significantly injured, which is associated with increased non-relapse mortality after the procedure®?. Joks et
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Fig. 4. Number of patients with positive blood cultures 3 months after autoSCT and their etiologies (non-
colonized group).

18
16
16
14
2
< 12
2
©
E- 10
5]
] 8
fe)
g
2 6
4 3
2 2 2
2 I 1 1 1 1 1 1 1 1
0 I I I HE B B B B B B N
ooé‘ é_;bV &Q(' & (§§b ) @‘Q O@‘}‘% 7,’@& o&%‘z’ @z}} éo“\ 7)&23’ &V
o Q e <& o N X 3 &
N S 2 & N & ) & <& 2 & & P
N < @ O o & 9 Q) > o . 5 O
Q A @ <& Ny < Q & & N
@ < NS %‘@ & & ‘@co é\,b@ \PQ«\ S\(\o & &og
& < & ¥ KL S @ N
N & S > BN & N & Q
e ? & O L N
S & K O S 2
N > § N 2
& 6& & & ¢\°
& « & & ¢
(/ol\\\

Fig. 5. Number of patients with positive blood cultures 3 months after autoSCT and their etiologies (colonized
group).
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al. presented a study assessing the impact of multidrug-resistant gram-negative bacteria (MDRG) colonization
prior to transplant on auto-SCT results in lymphoma patients. They proved that colonization with MDRG is a
risk factor for septic shock development®.

In the previously mentioned work of Forcina et al., the MDR gram-negative bacteria colonizing the gut
before auto-SCT did not significantly influence OS, transplant-related mortality (TRM), or infections-related
mortality. The authors stated that mortality due to infections associated with MDR bacteria can be mitigated
with pre-emptive antimicrobial treatment in cases of neutropenic fever?..

In other work of Scheich et al., the opposite outcomes were noted. The OS of patients undergoing autoSCT
and being colonized with MDR bacteria before the procedure was significantly shorter than in the non-colonized
group. That was shown in univariate (61.7% versus 73.3%, P=0.005) and multivariate analysis (hazard ratio,
2.463; 95% confidence interval, 1.311 to 4.626; P=0.005). Altogether, 21.7% of patients were colonized with
MDR bacteria before the transplantation. Worth mentioning is the fact that not multiple myeloma (43.5%) but
lymphoma (53.3%) was the most common indication for auto-SCT, which constitutes a significant difference
compared with our study?.

Khan et al. recently showed a paper showing that patients undergoing auto-SCT had a loss of diversity of the
gut microbiota after the procedure. Those patients with above-median peri engraftment diversity of fecal samples
had decreased risk of progression (PFS hazard ratio, 0.46; 95% confidence interval, 0.26-0.82; P=0.008) even
when adjusted for disease and its status. Additionally, when fecal diversity was shown as a log, -transformed
continuous variable, those patients with greater fecal diversity had a decreased risk of death (OS HR 0.5; 95%
CI, 0.29-0.87; P=0.014). However, after adjustment for disease status and its type, that association was not
statistically significant (HR 0.58; 95% CI, 0.32-1.06; P=0.079)%.

In another work of D’Angelo et al., they showed that lower alpha diversity at engraftment was associated with
partial response rather than very good partial response or complete response (CR/VGPR vs. PR, P<0.05). That
result stems from the population of patients with MM undergoing the autoSCT?°.

The limitations of our work should also be mentioned. First, the results are based on single-center,
retrospective data. Second, groups are relatively small (particularly colonized group), and therefore, plausible
conclusions cannot always be drawn. Third, the observation time of patients is relatively short, which does not
allow us to draw any conclusions about the influence of gut colonization on survival time.

Conclusions

To sum up, our work shows that the ARB colonization in the gut three months before the auto-SCT transforms
into a higher rate of all infections three months after the procedure. That was particularly emphasized in terms of
bloodstream infections. Considering other similar works, it is warranted that actions be taken to reverse the gut
colonization of patients before auto-SCT should be taken. One emerging treatment that can potentially restore
gut microbiota diversity is FMT and microbiota-based restoration therapies.
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Ice-cream used as cryotherapy
during high-dose melphalan
conditioning reduces oral mucositis
after autologous hematopoietic
stem cell transplantation

Marcin Jasiriski ©1*, Martyna Maciejewska©?, Anna Brodziak ©2, Michat Gérka?,
Kamila Skwierawska?, Wiestaw W. Jedrzejczak %, Agnieszka Tomaszewska?,
Grzegorz W. Basak® & Emilian Snarski©?

Oral mucositis (OM) is one of the most frequent adverse events of high-dose conditioning
chemotherapy with melphalan prior to autologous hematopoietic stem cell transplantation (AHSCT).
It significantly reduces the patients’ quality of life. One of the preventive strategies for OM is
cryotherapy. We retrospectively analyzed whether commercially available ice-cream could prevent
OM during the melphalan infusion. We retrospectively analyzed 74 patients after AHSCT to see
whether there is any correlation between OM and cryotherapy (ice-cream), melphalan dose (140 mg/
m? or 200 mg/m?). The incidence of OM in our study inversely correlated with cryotherapy in the form
of ice-cream. Out of 74 patients receiving conditioning chemotherapy with high-dose melphalan, 52
received cryotherapy. Fifteen patients in the cryotherapy group (28.84%) developed OM, whereas

13 patients (59.09%) developed it in the group without cryotherapy. In a multiple linear regression
test cryotherapy remained a significant protective factor against OM (p=0.02) We have also seen the
relationship between melphalan dose with OM (p <0.005). Cryotherapy in the form of ice-cream is
associated with a lower rate of OM and, therefore, could potentially be used as a cost-effective, less
burdensome, and easy to implement method in prevention of oral mucositis.

Autologous hematopoietic stem cell transplantation (AHSCT) is part of standard therapy in patients with multi-
ple myeloma, amyloidosis, systemic sclerosis or POEMS syndrome"2. Due to the use of high-dose of conditioning
chemotherapy regimens, patients experience a wide variety of toxicities. Oral mucositis (OM) is one of the most
common side effects of this treatment, and is reported by patients as the most deteriorating and decreasing the
quality of life’. The OM often causes the need for parenteral nutrition but also increases the risk of bacterial
translocation and sepsis during cytopenia®. In the most severe cases it may require parenteral opioids to relieve
the patients’ pain what is associated with the risk of adverse events®. One of the strategies used to prevent OM
is cryoprotection’. Typical cryoprotection protocols entail prolonged use of ice chips or ice cubes, which are
not well received by patients®. While this approach is effective’, it is still not widely applied in transplantation
centers. The mechanism of ice chips’ action is vasoconstriction, which stops the inflammation in the region of
the oral cavity mucosa and reduces the contact of toxic drugs with the mucous layer'’. The AHSCT in multiple
myeloma might be a spot-on indication for cryotherapy as melphalan used as a standard conditioning regimen
has a short half time and thus, the maximal toxicity is limited to the few hours after the start of infusion. In fact,
it has been proven that cryotherapy during high-dose melphalan administration effectively reduces incidence
and severity of OM in patients undergoing AHSCT®!'. However due to long time of melphalan infusion, some
patients complain of a cold sensation and stop the use of ice chips before infusion ends®.

Another, more patient-friendly and easy to comply approach to cryotherapy deployed by some centers is the
use of ice cream. This is especially common in pediatric centers. Surprisingly, we could not identify in literature
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searches any references that could provide evidence that this procedure lowers the chances for oral mucositis in
adult patients receiving chemotherapy.

In our work, we analyzed the impact of consuming commercially available ice-cream during the melphalan
infusion on mucositis after the AHSCT.

Methods

We retrospectively analyzed the medical data of the patients who underwent AHSCT with non-cryopreserved
hematopoietic stem cells in our clinic between November 2017 and December 2020. The inclusion criterium was
the availability of the data on the cryotherapy in the medical records and 74 out of all 87 patients met the inclu-
sion criteria. Sixty-three patients had multiple myeloma (MM), 4 patients had amyloidosis with MM (AL +MM),
3 patients had amyloidosis (AL), 3 patients had systemic sclerosis (SSc) and one patient had POEMS (Polyneu-
ropathy, Organomegaly, Endocrinopathy, Myeloma protein, Skin changes) syndrome. As conditioning therapy,
the patients received 200 mg/m? or 140 mg/m? melphalan, depending on the clinical picture of the disease and
comorbidities. The dose was adjusted in accordance with EBMT CALM study results'2. Patients without any of
OM symptoms were classified as 0, while patients with the most severe, life-threatening OM were assessed as
IV in CTC-AE v 5.0 scale. Oral mucositis assessment was done every day during the morning doctor’s round by
attending physician. The patient’s highest recorded score was documented in the discharge letter and used for
the analysis in this study. All methods were carried out in accordance with relevant guidelines and regulations.
All patients provided informed consent for the treatment and for the use of medical data for scientific purposes.

Cryotherapy with ice-cream. The patients received cryotherapy with ice-cream on demand or as
requested by the physician for the prevention of oral mucositis. The ice-cream was given from the beginning
of the melphalan infusion. The protocol consisted of 3 ice-cream doses chosen by the patient from ice-cream
commercially available at the hospital cafeteria. Patients received ice-cream in the form of popsicles and dairy-
containing products as well. The consecutive ice-creams were given on patient demand. Patients were asked to
eat slowly, thawing the ice-cream in the mouth. The compliance with the protocol was not measured. For the
duration of neutropenia all patients received the same oral care which comprised of octenidine and calcium
phosphate rinses.

Statistical analysis. To test whether cryotherapy remained a significant protective factor against OM after
taking into account melphalan dose we used a multiple linear regression test. The comparison of age between
groups with or without OM was made with the two-tailed Mann-Whitney U Test (Calculator: https://www.
socscistatistics.com/tests/mannwhitney/).

Ethics approval. This research study was conducted retrospectively from data obtained for clinical pur-
poses. Ethical approval was waived by the local Ethics Committee of the Medical University of Warsaw in view
of the retrospective nature of the study and all the procedures being performed were part of the routine care.

Results

The mean age of patients was 58.1 years (Table 1). Overall, 28 out of 74 patients (37.84%) developed OM after
AHSCT. Fifty-two patients received cryotherapy during infusion of melphalan, whereas 22 of them did not. In the
group with cryotherapy, 15 of 52 (28.85%) patients developed OM, while in the group without cryotherapy, 13 of
22 (59.09%). In a multiple linear regression test cryotherapy remained a significant protective factor against OM
(p=0.02) (Fig. 1). No mucosal-injury-related sepsis was observed in the study population. The median length
of hospitalization in patients without OM was 17 days whereas in patients with OM—19 days (whole popula-
tion—18 days). In the studied population only 3 patients (4.1%) required total parenteral nutrition (TPN). Two
of them received TPN because of the grade 3 and 4 OM in the CTC-AE v 5.0. scale and were fed parenterally
for 21 and 12 days respectively. The third patient was given with TPN for 11 days because of subileus. It is also
worth mentioning that in the control group 3 patients were classified as G3 and 1 patient was classified as G4
OM, whereas in the cryotherapy group 2 and 0 patients respectively.

Discussion

The study provides evidence that cryotherapy can prevent OM in patients undergoing AHSCT. In our analysis,
we have demonstrated that the use of commercially available ice-cream in patients receiving high-dose chemo-
therapy conditioning regimens significantly reduces the risk of OM. The protocol used in our study is simple,
easy to implement, cost-efficient, and less burdensome for the patients. Our findings are in line with the data on
cryotherapy effectiveness as OM prophylaxis. A recent systematic review on cryotherapy in patients undergoing
AHSCT using high-dose melphalan conditioning regimen upgraded this strategy’s level of evidence to recom-
mendation". A meta-analysis of randomised controlled trials from 2015 comparing the effect of oral cryotherapy
with no treatment in ASCT patients confirmed cryotherapy effectiveness in reducing incidence of severe OM,
duration of use of parenteral nutrition and hospitalization length'*. However, the aforementioned studies con-
centrated on cryotherapy protocols that included the use of ice chips. Therefore, our analysis adds additional
data on the effectiveness of cryotherapy protocol with the use of commercially available ice cream. Considering
the lack of studies on this type of cryotherapy strategy, our study fills a knowledge gap in this area. The relatively
small groups and retrospective methodology are the most important limitations of this study. The results should
be validated in a prospective randomized study comparing the effectiveness of different cryotherapy protocols

Scientific Reports |

(2021) 11:22507 | https://doi.org/10.1038/s41598-021-02002-x nature portfolio

34



www.nature.com/scientificreports/

) Mean 57.8 58.7

Age in years Range 26-70 37-68
MM 44 (84.62) 19 (86.36)
AL+MM |[3(5.77) 1(4.55)

:lngx"(’c)ation for AHSCT AL 2 (3.85) 1(4.55)
SSc 3(5.77) 0(0)
POEMS [ 0(0) 1(4.55)

Melphalan dose 140/m* 33 (63.46) 11 (50)

n (%) 200/m> |19 (36.54) 11 (50)
GO 37 (71.15) 9 (40.91)
Gl 11 (21.15) 4(18.18)

ﬁ{:‘fl)es of OM G2 2(3.85) 5(22.73)
G3 2(3.85) 3(13.64)
G4 0(0) 1(4.55)

Table 1. Baseline characteristics of analysed patients with or without cryotherapy. OM oral mucositis, AHSCT
autologous hematopoietic stem cell transplantation, MM multiple myeloma, AL light chain amyloidosis, SSc
systemic sclerosis, POEMS polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy, skin

abnormalities.
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Figure 1. Proportion of patients with oral mucositis on and without ice-cream cryotherapy. 28.85% patients
who received ice-cream cryotherapy developed OM, whereas 59.09% developed it in the group with no
cryotherapy. In a multiple linear regression test cryotherapy remained a significant protective factor against OM
(p=0.02).

to confirm non-inferiority of the strategy based on the use of commercially available ice-cream. The influencing
factor was not surprisingly higher mg/kg melphalan dose, which stays in line with previous findings'®.

In summary, we have shown that the application of commercially available ice-cream during short melpha-
lan infusions can contribute to a lower rate and severity of mucositis in patients undergoing autologous HSCT.
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Data from the study can be obtained upon request by the corresponding author.
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Around 10% of all hematologic malignancies are classified as multiple myeloma (MM), the
second most common malignancy within that group. Although massive progress in
developing of new drugs against MM has been made in recent years, MM is still an
incurable disease, and every patient eventually has relapse refractory to any known
treatment. That is why further and non-conventional research elucidating the role of new
factors in MM pathogenesis is needed, facilitating discoveries of the new drugs. One of
these factors is the gut microbiota, whose role in health and disease is still being explored.
This review presents the continuous changes in the gut microbiota composition during our
whole life with a particular focus on its impact on our immune system. Additionally, it
mainly focuses on the chronic antigenic stimulation of B-cells as the leading mechanism
responsible for MM promotion. The sophisticated interactions between microorganisms
colonizing our gut, immune cells (dendritic cells, macrophages, neutrophils, T/B cells,
plasma cells), and intestinal epithelial cells will be shown. That article summarizes the
current knowledge about the initiation of MM cells, emphasizing the role of
microorganisms in that process.

Keywords: multiple myeloma, gut microbiota, intestinal immune system, fecal microbiota transplantation, B cell,
plasma cell

1 INTRODUCTION

Multiple myeloma (MM) is a hematological neoplasm deriving from clonal plasma cells. In almost
every case, it is preceded by a premalignant stage called monoclonal gammopathy of undetermined
significance (MGUS) (1, 2). In 3-4% of the whole population over the age of 50, the diagnosis of
MGUS could be stated (3). The median age at the time of diagnosis of MM is approximately 70 years
(4). The global incidence of MM steadily increases, which can be only partly explained by aging,
with the highest score in Western European, North American, and Australasian populations
reaching in 2016 about 5 cases per 100 000 persons. In 2019 the global incidence of MM amounted
to 155 688 cases, compared to 138 509 in the year 2016. The age-standardized incidence rate (ASIR)
was 1.92/100 000 in 2019. During the 2019 year, 113 474 deaths were noted due to MM, whereas 98
437 were in 2016. That short period of three years shows the dynamics of the new MM cases
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increase. From 1990 to 2016, the incidence of new MM cases
increased by 126% (52.9% was attributed to aging, which is
typical for cancers that mainly affect the older population), while
deaths due to MM increased by 94% (5, 6). The incidence of MM
in the population <30 years is infrequent (0.02-0.3%) (7).
Fortunately, the prognosis for patients with MM significantly
improved during the last years, which is due to many new drugs,
better availability of autologous hematopoietic stem cell
transplantation (ASCT), and constantly emerging new
therapies such as CAR-T cells (8). To better illustrate the
progress: the 5-year survival rate of MM in 1975-1977 was
25% and reached 49% in 2005-2011 (9).

As mentioned before, almost all cases of MM pass through an
utterly asymptomatic phase referred to as MGUS, in which
monoclonal, malignant in their nature plasma cells live in the
patient’s body (2). Normal plasma cells carry on their surface the
following combination of antigens: CD19*/CD56 /CD45"/
CD38", while the malignant plasma cells are losing CD19 and
CD45 and acquiring CD56 (10). The threshold, when the
abnormal plasma cells are still in a pre-cancerous entity,
MGUS, is set on less than 10% of all bone marrow
mononuclear cells (11). The oncogenesis is usually initiated
within germinal centers of the lymph node during the isotype
class switching and somatic hypermutation (SHM) occurrence
(12). The leading role in the normal plasma cells transformation
into malignant ones is attributed to cyclin D family proteins
mutations enabling G1/S transition (13). Only 1-2% of MGUS
patients progress to symptomatic MM per year (14). To become
malignant, plasma cells must gain the proliferation and growth
potential by self-renewing clone.

The two oncogenes believed to play a critical role in that
process are Ras and Myc (15, 16). Interestingly, the mutations
found in MM cells are also largely present at the MGUS stage,
suggesting that genetic mutations are necessary but insufficient
for myeloma development (17). The bone marrow environment
plays a complementary role in that process. In addition to genetic
factors and aging, environmental factors appear critical to
forming a cancerous cell in MM. During our lifetime, our body
cells, especially immunocompetent cells located in the lymphatic
tissues of the structures that separate us from the outside world,
e.g., in the intestines, skin, or liver, interact millions of times with
various environmental factors - animate and inanimate. The
more environmental signals for recombination and proliferation,
the greater the likelihood of mutation in plasma cells, as in any
other. It seems logical that chronic antigenic stimulation
provokes many rounds of proliferation and selection of B cells,
which means an increased risk of mutational changes starting
oncogenesis when not repaired. Finally, the last stage of the
disease is associated with stroma-independent growth and results
in extramedullary diseases or plasma cell leukemia (PCL). The
main pathway in this process is characterized by constitutive NF-
KB activation, which influences the expression of adhesion
molecules, such as VLA-4 (18).

In our previous work, we have described the role of the gut
microbiome in pathogenesis, biology, and treatment of plasma
cell dyscrasias (19). This review will gather all the information

Gut Microbiota in Multiple Myeloma

about the sophisticated interplay between the immune cells and
the gut microbiota and how this could potentially lead to
MM development.

2 GUT MICROBIOTA - SIGNIFICANCE
DURING OUR LIFE

One of the most surprising data regarding the first steps in gut
colonization was that gut microbiota starts its development
already in utero. Previously, the fetus’s intestine was considered
germ-free, but that view was challenged with the results of a few
studies. The microorganisms were detected in the amniotic fluid
(20, 21), umbilical cord (22), placenta (23), and the most critical -
meconium, which is the first excretion that derives from all that
has been ingested or secreted before the delivery (24, 25). What is
particularly interesting, in the mice model, microorganisms
within the fetus’s gut resemble those which are colonizing the
mother’s intestine (24). Therefore, these microbes should efflux
the mother’s systemic circulation to reach the placenta.

Moreover, during the late pregnancy, the intestinal
translocation of bacteria to the vessels is enhanced, which
could play a role in the initial colonization of the fetus’s gut
(26). A study conducted by Gosalbes et al. showed that the gut
microbiota of infants during their first weeks of life includes the
microorganisms found in the meconium, which were still
detectable even seven months after birth (27). In addition,
Brosseau et al. recently presented the study results, which
shows that supplementation of prebiotics for pregnant women
leads to the transmission of specific microorganisms and
immune factors from mother to fetus allowing the
development of the tolerogenic immune system imprinting
that influences other health outcomes (28). However, these
data contradict the recently published work, which shows that
gut colonization starts after birth and bacteria found in
meconium were the effect of skin contamination (29).

Right after birth, the gut is being rapidly colonized, and
during that period, the mode of delivery plays a crucial role in
establishing gut microbiota composition. For example, infants
delivered vaginally possess the gut microbiota, mainly consisting
of lactobacilli living in high abundance in the vagina (30). On the
other hand, infants born through C-section are frequently
colonized by the microorganisms such as Clostridium species
and facultative anaerobes. Moreover, infants delivered by C-
section are colonized by the Bacteroides genus with delay (31),
and only 41% of their fecal microbiota is identical to the mother’s
gut microbiota composition (72% in vaginally delivered
infants) (32).

The gut microbiota composition during the first year of life
changes, while the diversity of microorganisms colonizing the
gut increases (33). Its composition resembles more and more of
that seen in adults, but it takes another two years to establish a
typical pattern of adult-like microbiota (34, 35). However, some
studies showed that the maturation of human gut microbiota
lasts for more than the first three years of life and can change its
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composition even till 12 years (36). The whole process of
intestinal colonization by newer and newer microorganisms is
remarkably similar to the dynamic development and growth of the
repertoire of immunocompetent cells. These are mechanisms that
go hand in hand, at the same time, and are strongly interdependent.

The impact of proper gut microbiota development is evident
regarding the risk of immune disorders. Lack of balanced gut
microbiota can result in various autoimmune and atopic diseases
(37, 38). It is not surprising given the fact that the largest area of
contact between microbes and immune cells is within the
intestine. Our immune system is constantly stimulated by the
enormous plethora of ligands presented by microorganisms
colonizing the gut, such as lipopolysaccharides (LPS), flagellin,
or unmethylated CpG motifs (39). These ligands shape the
further differentiation of naive T cells into T regulatory type
(Treg) or the Th1, Th2, and Th17 cells (40). Tregs can inhibit the
differentiation of naive T cells towards Th types (41), suppress
eosinophils, basophils, mast cells (42), and the production of
immunoglobulin (Ig) E (43). Conversely, different types of Th
cells can inhibit the other ones amplifying through that process
the immune response (44).

For a long time, the researchers were focused on the role of
balance between Thl and Th2 cells. Excessive activation of one
type of cell causes autoimmune and chronic inflammatory diseases
(Th1) or allergic diseases (Th2) (45, 46). The role of Th17 cells in
diseases classically associated with an imbalance of Th1/Th2
activation was also shown (47). Taking into consideration the
role of balance between Treg and Th cells and also the fact that
such balance is closely related to the composition of gut
microbiota, it leads to the conclusion that gut microbiota is the
initial factor in the pathogenesis of a wide variety of chronic
inflammatory, allergic and autoimmune disease (48, 49).

There is also one other proof of how vital well-balanced gut
microbiota is for maintaining the immune system in shape.
Experiments on germ-free mice, free of any microorganisms,
showed that gut microbiota is obligatory for Tregs differentiation
(50). Other experiments showed that different bacteria and their
products induce the activation of Tregs in mice (51). On the
other hand, segmented filamentous bacteria (SFB) facilitate the
differentiation of naive T cells towards proinflammatory Th17
cells in mice (52). Together, these experiments showed us the key
role of balanced gut microbiota in health and disease.

3 THE ROLE OF THE B-CELL CHRONIC
STIMULATION IN MULTIPLE
MYELOMA PATHOGENESIS

The process of immunoglobulins (Ig) production starts within
the germinal centers (GCs) of secondary lymphoid organs. This
is where naive B cells encounter T cells accountable for selecting
B cells eligible for future combat against pathogens or antigens
(53). Given that, one can easily conclude that the whole process
of Ig production starts there — in the secondary lymphoid organs,

especially in the gut-associated lymphoid tissue (GALT), and
that is where the defense of the whole organism begins.

In the GCs, B cells are selected based on the higher affinity of
B-cell receptors (BCR) towards the antigen. This is the initial step
in immunity organization that will last for long years (53).
During that process, the naive B cells undergo two
sophisticated DNA changes by which only B cells with the
highest affinity against the antigen are selected. One of these
processes is somatic hypermutation (SHM) with antigen
selection, and the second one - immunoglobulin heavy chain
(IgH) switch recombination. These two types of DNA
modifications are the source of mutations and breaks of
double-strand DNA, sometimes also in oncogenes (54). When
the oncogene is positioned near the site of the Ig enhancer, then
it results in dysregulation and potent proliferation of B cells.
These are the initial cells that will constitute multiple myeloma
(MM) (55). Many B cell neoplasms share the same feature, which
are the translocations that are mediated by errors during
recombination in V (variable), D (diversity), and ] (joining)
gene segments or the abovementioned two more subtle changes
in DNA sequence (56).

The association between chronic intracellular infection with
viruses [HCV, HSV, EBV (57)] or bacteria [Helicobacter pylori
(58)] and the increased risk of neoplasms development was
shown many years ago. It is now established that up to 20% of
malignancies are microbiota-dependent (59). The transformation
of a normal cell into malignant may occur indirectly via chronic
antigenic stimulation of the BCR or directly via B cell infection
and transformation (60). The main proof for the role of chronic
antigenic stimulation in the pathogenesis of MGUS and MM is
the specificity against some viruses of monoclonal Ig produced by
mutated clone (61-63). Moreover, in some cases, the antiviral
therapy against chronic HCV infection alone was sufficient to
reach the regression in the MM that had features compatible with
MGUS (64-66). On the other hand, patients with Gaucher’s
disease have an increased risk of transforming normal B cells into
myeloma cells (67). Some reports indicate that lyso-
glucosylceramide 1 (LGL1) and lyso-phosphatidylcholine
(LPC), which are accumulated in Gaucher’s disease, become
antigens that drive the selection of B cells and therefore
contribute to the pathogenesis of MM (68).

Although very intriguing, these reports require few words of
explanation. Only in the subset of MM patients, the abnormal
immune response to infection may play a role in the
pathogenesis of MM (69). However, the infectious agent was
not detected or remains unknown in the rest of them.

Considering the reports about the role of an abnormal immune
response against infectious agents in the pathogenesis of MGUS
and MM, it seems highly probable that the continuous and large-
scale interactions between B cells and the gut microbiota could
play a role in the pathogenesis of gammopathies. Therefore, it is
crucial to detect whether the monoclonal Ig is targeting specifically
against some bacteria that colonize the gastrointestinal tract and
whether temporal changes in the composition of the gut
microbiota could influence the initiation of gammopathies.
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4 THE INTERACTION BETWEEN GUT
MICROBIOTA AND OTHER CELLS

4.1 Epithelial Cells

Recent studies showed that gut epithelium plays a critical role in
regulating the host immune system and the luminal microbiota.
Intestinal epithelial cells (IECs) include Paneth cells, absorptive
epithelial cells, and goblet cells, and their two central roles are to
segregate and mediate between the microorganisms colonizing
the gut and the immune system. The former function of IECs is
possible because of the physical and chemical barriers which
prevent the intestinal inflammation that could start because of
conflict between these “two armies” of cells. The latter function
means that IECs can forward signals deriving from the gut
microbes and their metabolites and transform that signal for
the language “understandable” for the immune cells (70). One
example of such crosstalk where IECs play a crucial role was seen
in mice when segmented filamentous bacteria (SFB) colonized
the gastrointestinal tract of germ-free mice attached to the
surface of the IECs and induced the production of serum
amyloid A (SAA) (52). That, in turn, caused the facilitation of
the Th17 differentiation and IL-23 receptor-dependent IL-22
production by innate lymphoid cells 3 (ILC3) (71). On the other
hand, IL-17 and IL-22 from Th17 and ILC3 cells induce the
production of antimicrobial molecules such as antimicrobial
peptides (AMPs) and the regenerating islet-derived 3 (Reg3)
family of proteins by epithelial cells, which control the
composition of the gut microbiota (72).

What is particularly important from the point of view of this
review is to know that IECs drive the IgA class switching in B
cells, which are occupying the lamina propria, via the production
of a proliferation-inducing ligand (APRIL) through toll-like
receptor (TLR) signaling (73). The fraction of cells mainly
engaged in that process is the M cells, which specialize in the
uptake and delivery of antigens derived from the lumen to the
antigen-presenting cells (APC) such as dendritic cells (74).
Essential for that aim is glycoprotein A (GP2), a transcytotic
receptor of M cells responsible for transporting antigens from the
lumen to the other side of the wall (75).

Therefore, as was presented, the IECs are responsible for the
transition of signals (by TLRs and other receptors and M cells)
between the gut microbes and the immune cells that are staying
on the two sides of the wall and by secretion of chemokines,
cytokines, and hormones they maintain the balance between
“both armies.”

4.2 Immune Cells

Immune cells engaged in the crosstalk with the gut microbiota
are predominantly seen in the lamina propria. The most
common ones are T regulatory cells, NK cells, and invariant T
cells. Dendritic cells infiltrate very deeply into villi and closely
contact with the IECs (76) (Figure 1).

4.2.1 Dendritic Cells (DCs)
The immune cells at the site of the gut epithelium should
generate tolerance to the antigens found in the food, but

simultaneously they must be ready for immediate response to
the emergence of pathogens. DCs are APCs known to be the
central players in the immune system together with
macrophages. These cells can uptake the antigens from the gut
microbes with the mediation of epithelial cells or directly extend
their dendrites through the inner mucosal lining to connect with
the environment colonized by the microorganisms (77).
Through those mechanisms, the DCs eventually shape the
composition of the gut microbiota by sampling the microbes
and then giving the special orders to activate appropriate
response (78). The key role processes occur in the mesenteric
lymph nodes where the antigens derived from the lumen are
presented to the naive T cells by the DCs (79). These DCs are
characterized by the inability to leave the mesenteric lymph
nodes and reach the spleen, thus preventing the organism from
inducing a commensal-specific systemic response (80). The
specific type of DCs, occupying the lamina propria is
characterized by the expression of CD103 on its surface and
the production of TGF-B, which causes the differentiation of
naive T cells into CD4+CD25+Foxp3+ T cell of regulatory
phenotype (81). This is particularly peculiar given the fact that
usually DCs release the inflammatory cytokines and drive the
differentiation of Thl cells. Therefore, researchers hypothesize
that the local environment of IECs can stimulate this specific
phenotype of DCs. That local environment means, for instance,
the thymic stromal lymphopoietin (TSLP) released by the IECs,
which was shown in humans to induce the release of the APRIL
and BAFF by DCs and in turn supports the class switching of the
B cells to IgA (82) or the switching of IgAl to the IgA2
production which are characterized with protease-resistant
phenotype (73). Nevertheless, as will be mentioned further, the
epithelial cells are not the only ones to modulate the function of
DCs because the other immune cells, like macrophages, can also
regulate the function of that population.

4.2.2 Macrophages
Macrophages share some similarities with CD103+ DCs. One of
them is the ability to induce the differentiation of the Treg cells
(83). However, contrary to the DCs, macrophages’ migration to
the mesenteric lymph nodes has not been shown yet, so they
probably do not induce oral tolerance (79). One of the existing
hypotheses is that macrophages associated with the gut
epithelium support the maintenance of Treg cells. Additionally,
macrophages can tune the proinflammatory function of DCs by
inhibiting their ability to drive Th17 differentiation (83).
Unlike the macrophages residing other than gut tissue, the
subtype of macrophages associated with the gut does not possess
the CD14 on their surface, responsible for the LPS-induced cell
activation and proinflammatory cytokines production (84).
Furthermore, these cells produce anti-inflammatory cytokines
such as IL-10 and help the DCs maintain the population of Treg
to prevent the mucosal auto-inflammation (83). However,
although human gut macrophages are known for anti-
inflammatory functions, they do not lose their ability to
phagocyte and perform defense functions (84). There is also
known that within the gut, the population of CD14+
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such as IL-17 production, which are known to facilitate the development of muitiple myeloma. Created with BioRender.com.

macrophages reside and can produce proinflammatory cytokines
such as IL-23 and TNF-a, leading to the further accumulation of
similar cells (85).

4.2.3 Neutrophils

Flagellin is the protein of gram-negative bacteria such as Proteus
or Escherichia that stimulates the TLR5/MyD88 signaling in
IECs. This pathway promotes the production of IL-8 by IECs,
which causes the recruitment of neutrophils to the lamina
propria (86).

Neutrophils are known to promote or inhibit the growth of
the tumor (87). Moreover, they can switch from promoting to
the inhibiting mode and stop the tumor’s progression (88). On
the other hand, the interactions between neutrophils and the gut
microbiota were shown to impact the tumor’s growth rate. An
example of that is a mouse model of serrated polyps, a
premalignant lesion of the colon. Throughout the intestine, the
endothelial growth factor receptor ligand is produced, but only
the cecum is the site where that molecule promotes the
development of polyps. That is because the growth of polyps
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requires the specific gut microbiota composition in the cecal
mucosa. Furthermore, it was shown that administration of
antibiotics or depletion of neutrophils resulted in inhibition of
serrated polyps’ development, suggesting the crucial role
of bacteria and neutrophils in that process (89).

4.24T Cells

We limit the interplay between T cells and the gut microbiota to
the role of the Th17/Treg cells balance because of their great
importance in switching the mode of the immune system from
pro to anti-inflammatory and vice versa. Such imbalance was
reported to play a role in chronic inflammations (90), allergic
diseases (91), cancers, and autoimmune diseases (92, 93). Germ-
free mice were shown to have decreased number of both
populations of cells (94), but it has also been shown that
specific metabolites such as ATP and short-chain fatty acids
(SCFA) can induce differentiation of Th17 and Treg cells,
respectively (95, 96). SCFA are the bacterial products produced
from the dietary fiber by the anaerobic gut microbiota (97).

4.2.5 B Cells and Plasmacytes

The gut microbiota is known for its impact on the development,
differentiation, activation, and function of the B cells. Regarding
the development of human innate-like B cells and marginal zone
B cells, the gut-associated lymphoid tissue (GALT) may be the
site of a growing repertoire of B cells (98). Interestingly, a subset
of human immature B cells, known as transitional 2 (T2) B cells
from the bone marrow, tend to reside in the intestine for their
activation. The maturation process relies on eliminating self-
reactive B cells from the developing repertoire. Failure in that
process is seen in the systemic lupus erythematosus (SLE), which
suggests that this site constitutes a checkpoint against
autoimmunity (99).

The intestinal microbiota may influence the B cells through
the direct and indirect modes. The former depends on B cells’
direct activation via BCR recognition of the carbohydrates and
proteins produced by the gut microbes, which act as antigens
(100). That is T-dependent B-cell activation, but B cells can be
activated T cell-independently. That is because they have TLRs
on their surface, which are extremely important for their survival
and function (101). For example, Oh et al. showed that mice
lacking the TLR5 could not develop immunity against seasonal
influenza vaccination because of the inability to sense the gut
microbiota (102). Similarly, the metabolites of the bacteria can
also activate the B cells. For instance, SCFAs may affect B-cell
metabolism and facilitate the differentiation of B-cell, hence
promoting immunoglobulin promotion (103).

Although some papers showed in recent years that a
repertoire of B cells could develop within GALT with the help
of the gut microbiota, there are still many gaps in that field.
However, that potentially shed light on the possibility that the
composition of the gut microbiota could shape the repertoire of
B cells and that dysbiosis could be potentially accountable for the
chronic antigenic stimulation of B cells and subsequent genesis
of MGUS and MM (Figure 2).

Gut Microbiota in Multiple Myeloma

5 POSSIBLE MECHANISTIC PATHWAY
OF MYELOMA CELL INITIATION IN THE
CONTEXT OF MICROBIOTA

It is well known that the IgA is produced in the intestine by B
cells, but little is known about the production of other subtypes
of immunoglobulins. However, there is already evidence that the
gut microbiota may induce the TLR4-dependent production of
IgG and that these antibodies are efficient in fighting against
systemic infection (104). Furthermore, some other studies show
that the SCFAs regulate the production of immunoglobulins in
different ways. For example, it was shown that after the
administration of cholera toxin, the SCFAs facilitate the
production of BAFF and retinoic acid (RA) by DCs to
upregulate the synthesis of IgG and IgA (105). Given that, it is
reasonable to think that SCFA may play an active role in
regulating the production of immunoglobulins.

Considering what was said before that the gut microbiota
could potentially drive the repertoire of BCR, it seems probable
that dysbiosis could affect that process. MGUS starts when the
monoclonal globulin starts to be detectable and when there are
less than 10% of clonal plasma cells within the bone marrow.
Nevertheless, the first mutated cell is probably created a long
time before the diagnosis of MGUS or MM. Therefore, we
speculate that this first step towards entirely symptomatic MM
could start within the gastrointestinal wall. Given that microbes,
their antigens, and metabolites are recognized by B cells, activate
them, and provoke proliferation, it seems reasonable to think
that lack of balanced gut microbiota with overgrowth of sparse
species of bacteria and then chronic antigen stimulation could
lead to fully symptomatic MM. Thus, a mechanistic vision of gut
microbiota-dependent myeloma formation could be like we
deliberate below.

Because of acquired or resulting from genetic predispositions
dysbiosis, there is an overgrowth of selected microorganisms in
the gut. Sometimes, even subtler changes such as overgrowth of
one bacteria species or even the presence of one antigen that is
constantly produced within the gut by microbes could constantly
stimulate the immune system of the GALT. Then DCs occupying
this area are continuously activated with the help of IECs in that
process. DCs, after first contact with antigen, are migrating to
mesenteric lymph nodes, which is the place of the “crime,” where
B cells are stimulated by a minimal number of antigens presented
by DCs. That stimulation leads to numerous rounds of
proliferation done by B cells, during which they are
accumulating mutations during the processes of SHM and
class switching. Eventually, the first mutated cell emerges, but
that does not necessarily mean that progression of MM is
initiated here. Changed plasma cells after rounds of
proliferation reach the bone marrow, where they will produce
immunoglobulins. As said before, the additional events must
occur within the bone marrow to facilitate the progression from
MGUS, through SMM, to fully symptomatic MM, and eventually
to PCL. That progression is supported by the proinflammatory
cytokines, which are stimulating osteoclasts to destroy the bones
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to “make space” for quicker and quicker proliferating myeloma
cells (106). We postulate that this is another process in which the
gut microbiota could play the role since papers show that the lack
of balanced gut microbiota results in a more proinflammatory
state of the immune system, and for instance, differentiation of T
cells within the gut is skewed towards Th17 cells. Moreover, the
work of Jian et al. showed that “crosstalk on distance” of
myeloma cells and the gut microbes is possible and that these
two groups of cells cooperate and support the growth
mutually (107).

Considering that, it is worth asking whether there are any
changes in the gut microbiota between different stages of the
disease from MGUS to PCL? An initial, small study done by
Pepeljugoski et al. proves that such changes occur (108) and that

progression in the disease is associated with developing
dysbiosis. Additionally, it would be very interesting to check if
dysbiosis or even subtle changes in the gut microbiota
composition could be a risk factor for MGUS. Perhaps, at least
some of the cases of MGUS/MM are producing a monoclonal
protein targeting antigens deriving from the gut. That hypothesis
will be discussed further, but to show that dysbiosis is a critical
player in the progression of the disease, a correlation study that
will link the gut microbiota composition with the immune-
related gene expression profile is needed. Our group has
initiated a study on newly diagnosed MGUS, SMM, and MM
patients recently, in which we are going to search whether there
is such correlation and how it is changing with time and
applied treatment.

Teell

and eventually to PCL. Created with BioRender.com.

TCR/MHC
i1 complex

FIGURE 2 | How the hypothetical pathway from dysbiosis to multiple myeloma looks? The sequence of events is as follows (A) lack of balanced gut microbiota
which means overgrowth of selected species of bacteria (B) these bacteria are accountable for constant, oligo- or even monoclonal stimulation of DCs (with help of
IECs) which migrate to mesenteric lymph nodes and/or Peyer’s patches (C) there, B cells, T cells and mentioned DCs meet each other (D) DCs are presenting this
oligo-, monoclonal antigens to T cells (E) which then are responsible for selection of B cells that are going to have required features to combat the antigen

(F) because of continuous stimulation in the gut the process of B cell selection is intense and these cells undergo numerous rounds of proliferation which are
preceded by SHM and class switching, associated with DNA changes (G) one initial B cell with driver mutation emerges, transforms to plasma cell that produces
oligo-, monoclonal antibodies against the antigen, and proliferates (H) then plasma cells migrate to bone marrow which is the site of constant immunoglobulins
production (I) when mutated plasma cells acquire additional mutations and are surrounded by favorable milieu then initial state of MGUS changes into SMM, MM
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6 THE EFFECTS OF GUT MICROBIOTA
COMPOSITION ON TREATMENT
RESULTS IN MM

Lack of balanced gut microbiota can lead to the lack of “training”
given to the immune system by microbes. That, in turn, can lead
to the inhibition of the active immune system that can combat
new cancer cells created every day. Therefore, along with
changing the paradigm to an immune-dependent approach,
the gut microbiota role in the effectiveness of immunotherapy
or cellular therapy should be revised. For instance, it is probable
that by restoring the balanced gut microbiota, the results of
mentioned therapies could be enhanced. Such a prove we can
learn from immune checkpoint inhibitors and cancer treatment
(109). However, this could also lead to more pronounced adverse
events (110).

Cyclophosphamide was shown with very low efficacy when
mice were injected with tumor cells and then treated with
antibiotics to achieve a germ-free microenvironment. Thus, a
lack of balanced gut microbiota causes low sensitivity of tumor
cells for cyclophosphamide (111).

Autologous stem cell transplantation (ASCT) is currently a
standard of care for patients in good condition. Until the
engraftment, the patients are in critical pancytopenia and
prone to opportunistic infections and therefore very usually
treated with antimicrobials. However, before that, patients
receive conditioning therapy that influences the composition of
the gut microbiota and has a gross impact on intestinal
epithelium. That altogether leads to the dysbiosis and
monodominance of microbes such as Enterobacteriaceae (112).
Researchers have also shown that butyrate, one of the SCFAs
produced by the Eubacterium halii and Faecalibacterium
prausnitzii, is associated with minimal residual disease
negativity after the induction therapy for MM (113).

Regarding the proteasome inhibitors (PIs), which are
commonly used to treat MM, it is worth noting that their
adverse event is diarrhea. Unfortunately, the pathophysiology
of gastrointestinal toxicity of PIs is poorly understood. However,
as it is known that the SCFAs and PIs regulate the NF-kB
pathway, the gut microbiota probably influences the risk of
adverse events after PIs (114).

7 NOVEL APPROACHES IN METHODS
EXPLORING THE ROLE OF GUT
MICROBIOTA IN MGUS AND MM
DEVELOPMENT

Calcinotto et al. published a study on mice where they showed
that one specific species of the microorganisms colonizing the
gut, namely Prevotella heparinolytica induced differentiation of
Th17 cells. They then migrated to the bone marrow of Vk*MYC
mice (which are the transgenic mice that develop disease
mimicking MM) and favored the progression of MM. That
agrees with the notion that SMM patients with a higher level

of IL-17 in the bone marrow have faster progression of the
disease (115).

Moreover, the relationships between myeloma cells and the
gut microbes should be elucidated by identifying the gut
microbiota composition that predicts a higher probability of
MGUS development. It would be essential to know the specificity
of the monoclonal protein produced by the mutated clone and
correlate the results with the gut microbiota. A hypothesis is that
pathogenic species colonizing (even temporally) the gut or state
of dysbiosis when particular species of bacteria overgrowth could
be responsible for the chronic antigenic stimulation and
development of at least part of MGUS and MM cases.

Additionally, it would be interesting to see whether the gut
microbiota composition influences the cytokines produced by
the leukocytes in the blood. For example, maybe the state of
dysbiosis provokes the production of proinflammatory cytokines
by leukocytes and, therefore, indirectly promotes the progression
of MM or MGUS.

8 NEW POTENTIAL TARGETS OF
TREATMENTS IN MULTIPLE MYELOMA

As it was said in the previous paragraph, it is worth checking
whether the treatments targeting IL-17 or IL-17R could work by
lowering the risk of progression of the MGUS/SMM/MM. Such
drugs are already registered by the FDA (anti-IL-17A
antibodies), making it even easier to conduct such a study (116).

Preclinical studies suggest that some species of bacteria
colonizing the gut promote the progression of MGUS or MM.
Papers are mounting about the role of the gut microbiota in
the pathogenesis of many diseases, and great hope is seen in the
procedure of fecal microbiota transplantation to restore the
balanced gut microbiota. Maybe such a procedure or
probiotics/prebiotics could lower the risk of progression of
MGUS to more advanced stages of the disease. Currently, the
patients with MGUS or SMM are offered with watchful waiting
strategy since the risk of progression, especially in the case of
MGUS, is particularly low. Perhaps in the future, the gut
microbiota composition of these patients is going to be known
in detail. The patients with an exceptionally high risk of
progression could be treated with prebiotics/probiotics or even
with fecal microbiota transplantation (FMT) to diminish the risk
of progression completely.

Jian et al. showed recently that the bacterial diversity of the
gut microbiota of newly diagnosed MM patients is significantly
increased with enrichment of nitrogen-recycling bacteria such as
Klebsiella and Streptococcus. The researchers assume this is
because of the progression of MM associated with the excessive
accumulation of urea. Then the urea reaches the intestinal wall
and selects nitrogen-recycling bacteria for overgrowth. In turn,
microbes can produce L-glutamine, which is then delivered to
the host and promotes the proliferation of myeloma cells since
they cannot produce it on their own. Thus, the authors propose
that the gut microbiota alterations, namely reduction of
Klebsiella and Streptococcus populations, which are also present
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in the normal microflora, could lower the risk of progression of
MM (107). Furthermore, MM patients are also prone to
infections, for instance, pneumonia with a common etiology of
Klebsiella or Streptococcus (117). Therefore, the reduction
of these populations could additionally mitigate the risk of
infections during the disease. Additionally, it was also found
that SCFA-producing bacteria were depleted in MM, and the
addition of such bacteria in mice resulted in the mitigation of
tumor progression (107).

9 CONCLUSIONS

To sum up, it seems highly probable that there is a role of the gut
microbiota in the pathogenesis and treatment of MM. With ever-
growing numbers of papers published in that field, the hope for an
entirely new type of prophylaxis of progression of MGUS or
treatment of MM is growing in parallel. Our previous work shows
the remarkable efficacy of FMT in preventing colonization of a
single, in that case, antibiotic-resistant bacteria (118). Also, in the
model of graft-versus-host disease, we have shown that it is
possible to stop the inflammatory process in the gut by FMT,
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shedding new light on the immunomodulatory effect of the gut
microbiota (119, 120). Given that single species of bacteria,
Klebsiella and Streptococcus were shown to play a role in the
progression of MM, it seems that further studies on gut
microbiota in the treatment of MM are warranted. Additionally,
these bacteria are often responsible for infections in that
population of patients. Therefore, the possible efficacy of FMT
in the elimination of these “microbial partners in crime” would
be multidirectional.
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In response to emerging discoveries, questions are mounting as to what factors are
responsible for the progression of plasma cell dyscrasias and what determines
responsiveness to treatment in individual patients. Recent findings have shown close
interaction between the gut microbiota and multiple myeloma cells. For instance, that
malignant cells shape the composition of the gut microbiota. We discuss the role of the gut
microbiota in (i) the development and progression of plasma cell dyscrasias, and (i) the
response to treatment of multiple myeloma and highlight faecal microbiota transplantation
as a procedure that could modify the risk of progression or sensitize refractory malignancy
to immunotherapy.

Keywords: plasma cell dy:

multiple , short-chain fatty acids

INTRODUCTION - PATHOGENESIS OF PLASMA
CELL DYSCRASIAS

Typical genetic alterations in plasma cell dyscrasias are IgH translocations, hyperdiploidy, and
cyclin D dysregulation. These are responsible for initiating changes in B-cell postgerminal centres,
which result in the transformation of normal cells into benign tumour cells that cause monoclonal
gammopathy of undetermined significance (MGUS) (1). This condition is the preclinical stage of
multiple myeloma (MM) and occurs in ~3.2% of the population aged over 50 years (2). MGUS is an
asymptomatic condition with elevated serum concentration of M protein. Only rarely does it
progress to symptomatic MM (1% of patients/year) (3), which can be associated with symptoms that
manifest as a result of hypercalcaemia, renal failure, anaemia, and bone lesions. Smouldering MM
(SMM) is an asymptomatic, intermediate stage between MGUS and MM, that carries a 10% risk of
progression to symptomatic MM per year during the first five years after diagnosis (4). If it is to be
possible to screen intensively, perform prophylactic investigations on, and treat in the early stages
only those patients who are most at risk of disease progression, accurate prognostic markers of
progression of MGUS or SMM to MM are needed.

During the past few years, evidence has emerged that human gut microbiota play an important
role in the progression of MM (5-7). The gut microbiota influence the course of MM and the disease
shapes the composition of the bacteria in the intestines (6). These interactions, as described below,
are based on the strong reliance of MM cells on proinflammatory cytokines [interleukin (IL)-6,
tumour necrosis factor (TNF)-o,, IL-13] and the ability of bacteria to recycle nitrogen (8).
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Recent studies have yielded plenty of information on the
differences in microbiota among MM patients and about
longitudinal changes acquired during the treatment as well (9).
Some recently identified gut microbes are responsible for
inducing an inflammatory environment, both within the gut
layer and throughout the whole body. These proinflammatory
microbes might contribute to the progression of MGUS to MM
(5). If they do, the microbiome composition could be used as a
prognostic factor for assessing the risk of MGUS transformation
or MM progression.

GUT MICROBIOTA AND IMMUNE
SYSTEM IN HEALTH AND DISEASE,
SPECIFICALLY INFECTIONS

The colonization of the intestine by microbes plays a key role in the
maturation of the host’s immune system (10). Current knowledge
about crosstalk between gut microbiota and immune cells derives
mainly from experiments conducted on germ-free animals (11). For
instance, in germ-free mice the population of o and Y3 intra-
epithelial lymphocytes is significantly reduced (12), there is no
production of IgA antibodies (13) and Th17 cells are absent (14).
One example of a complicated interplay between gut microbiota
and immune cells is the following. Polysaccharide A produced by
Bacteroides fragilis binds to TLR2/TLR1 (Toll-like receptor)
heterodimer connected with Dectin-1 (15). Then, the
phosphoinositide 3-kinase (PI3K) pathway is activated, glycogen
synthase kinase 3 inactivated, which eventually induces cAMP
response element-binding protein expression of anti-inflammatory
genes (15). Finally, the secretion of polysaccharide A by Bacteroides
fragilis leads to the differentiation of Treg cells and influences the
balance between Thl and Th2 populations. On the other hand,
butyrate produced by the gut microbiota can promote macrophage
differentiation from monocytes through histone deacetylase 3
(HDACS3) inhibition that leads to enhanced antimicrobial host
defense (16). These are only a few examples of how intricate the
crosstalk on the line gut microbiota - immune cells is.

Gut microbiota can also predict responses to therapies
administered in oncology. Chaput et al. showed that the
presence of Faecalibacterium spp. increases the efficacy of anti-
CTLA-4 immunotherapy while probably the Bacteroides spp. is
associated with inferior responses in metastatic melanoma (17).
Moreover, it is recently hypothesized that gut microbiota
composition can influence the responses to the CAR-T therapy
(18), and bearing in mind recent papers about the efficacy of such
therapy in multiple myeloma the discussion about gut
microbiota as a predictive marker of response is warranted (19).

The impact of the interplay between the immune system and
gut microbiota in the context of infections cannot be forgotten as
patients with multiple myeloma are far more prone to infections
than the healthy population (20). The ability of microbes to
release signaling molecules into the bloodstream can modulate
the host’s response to infections via the regulation of immune
cell development (21). For instance, butyrate secreted by bacteria
promotes the differentiation of monocytes in the bone marrow to

a tolerogenic phenotype (22). Moreover, it was recently showed
that some bacterial species could decrease the level of
corticosterone in the blood which could improve the function
of the immune system during the infection (23).

GUT MICROBIOTA AND
TUMOURIGENESIS

The available data show that the gut microbiota are more
numerous than genes, cells, and enzymatic reactions in the
host organism, which suggest their importance for its health.
In healthy persons, microorganisms are responsible for
production of vitamins K, B, (riboflavin), B;, (cobalamin),
folates, and biotin (24), metabolism of indigestible compounds,
and protection from colonisation by opportunistic bacteria (25),
and are necessary for the development of the humoral and
cellular mucosal immune systems (26) (Figure 1). Along with
these advantages of the gut microbiome, there are also some
disadvantages. It is well established that dysbiosis, which is an
imbalance in the proportion of microbes compared to a healthy
state, plays a role in the pathogenesis of colorectal cancer (CRC)
(27). Wang et al. showed that there is a difference in the
composition of gut microbiota between patients with CRC and
healthy individuals (28). A similar influence of microbial
dysbiosis, via proinflammatory microbe-associated molecular
patterns (MAMPs) and bacterial metabolites, has been shown
in liver (29) and pancreatic (30) cancer.

The gut microbiota are accompanied by gut-associated
lymphoid tissue (GALT), which is the largest peripheral immune
organ (31). As many as 60-70% of peripheral lymphocytes are
localised within the gut mucosa, so it is not surprising that the
number of interactions between immune cells and the gut
microbiota is high (32). There are numerous examples of how the
gut microbiota and immune system influence each other within the
gut mucosa. Brandsma et al. showed that the transplantation of
proinflammatory faecal microbiota from Caspl™~ mice to Ldlr™~
mice resulted in systemic inflammation and promoted
atherogenesis (33). In contrast, Mason et al. reported that reduced
anti-inflammatory gut microbiota was correlated positively with
depression. This correlation could be explained by inflammation
playing a role in the pathogenesis of depression (34). The crosstalk
from microbes to immune cells can be forwarded directly through
their metabolites used as messengers, such as MAMPs or damage-
associated molecular patterns (DAMPs), or through activation of
Toll-like receptors (TLRs) that in turn cause the activation of
immune cells (35, 36). Some metabolites, such as short-chain fatty
acids (SCFAs), can directly promote the generation of T regulatory
(Treg) cells (37) or are responsible for transforming growth factor-f3
production in epithelial cells within the gut. This in turn promotes
Treg-cell confluence in the gut mucosa, which inhibits the activation
of immune cells (38). Germ-free (GF) mice that are deprived
completely of gut microbiota comprise excellent examples of the
importance of gut bacteria for efficient immune function (26). In GF
mice, Treg cell function is impaired, which suggests that gut
microflora are necessary for the development of a fully functional
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FIGURE 1 | Role of the balanced gut microbiota. Healthy gut microbiota are important in maintaining health. The figure shows the most important roles that are

played by the human gut microbiota. Created with BioRender.com.

Treg cell population (39). In GF mice, the intestinal barrier is
immature, which results in increased mucosal permeability (40).
This is a key mechanism that leads to the development of
inflammatory bowel disease or enteric infections (40).
Colonisation of GF animals with normal gut microbiota leads to
increased systemic immunological capacity, different patterns of
migration of immune cells, significant changes in the production of
specific antibodies, a general increase of immunoglobulin
production, and changes in mucosal-associated lymphocyte
tissues and cell populations (41-43).

In summary, in general, the micro-organisms in the gut are
beneficial, but under certain conditions can have a damaging
effect, in severe cases promoting the growth of cancer cells.

COMPARISON OF THE GUT
MICROBIOME IN PATIENTS WITH
PLASMA CELL DYSCRASIAS AND
HEALTHY INDIVIDUALS

In recent years, scientists have confirmed the link between
certain kinds of tumours and the composition of gut
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/ compounds

\ Protection from
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microbes
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develop humoral
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microbiota. For example, in CRC, many changes in the
composition of bacterial species that colonise the gut have
been identified and their contribution to tumourigenesis
confirmed. Specific bacterial species colonizing the gut have
even been indicated as possible markers of early diagnosis of
CRC (44).

Regarding plasma cell dyscrasias and the gut microbiome, recent
evidence shows metagenomic changes in the composition of
commensal bacteria and frequent colonisation by opportunistic
bacteria. Jian et al. performed a study on samples collected from
19 patients who had been newly diagnosed with MM and 18 healthy
controls (6). They observed significant differences in the
composition of bacteria in the gut between these two groups. One
of the main changes was the increase of nitrogen-recycling bacteria,
such as Klebsiella and Streptococcus, which are opportunistic
pathogens that are responsible for infections associated with high
mortality in this immunocompromised population. It has been
suggested that this change might be due to the high serum
concentration of urea in patients with MM, which results from
increased production of NH," by tumour cells and restricted
secretion of urea due to impaired renal function (45). The
mechanism presented above is responsible attracting nitrogen-
recycling bacteria to the gut. Changes in diversity in gut
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microbiota have been reported, which indicates that samples from
MM patients are characterised by increased diversity and poorer
interactions between genera (6), although other studies have
produced results that indicate contrary phenomena (46, 47).
Furthermore, samples from MM patients included a reduced
number of SCFA-producing bacteria, which affect tumourigenesis
in plasma cell dyscrasias (see below) (6). Other changes in the
composition of commensal bacteria, and colonisation with
opportunistic pathogens, occur because of the treatment of MM.
Unfortunately, research in this field is limited to the study of
bacterial composition only. Further research, which studies
differences in the balance and numbers, etc., of fungi, viruses, and
eukaryotic organisms are needed (Table 1).

INFLUENCE OF THE GUT
MICROBIOME ON THE DEVELOPMENT
AND PROGRESSION OF PLASMA
CELL DYSCRASIAS

As mentioned previously, MGUS is an asymptomatic state that
occurs in ~3.2% of people aged over 50 (1). Only a small
percentage of patients progress to symptomatic MM. For many
years, researchers have wanted to identify the factors responsible
for the development of plasma cell dyscrasias, and the reasons
why some patients progress to MM whereas others do not.

Researchers have shown that there are no significant genetic
differences between MGUS and MM cells. This suggests that
environmental conditions could be an important factor in
determining the risk for progression, although such factors are
not necessarily present at the time at which MGUS develops.
Therefore, tumour microenvironment seems to be a strong
predictor of MGUS progression. Given the high degree of
heterogeneity between clones in plasma cell dyscrasias, it is
probable that only clones that are developing in a favourable
niche will become an initiation point for further progression. As
mentioned previously, proinflammatory TME in the bone
marrow is needed for successful progression from MGUS to
symptomatic MM, but it is a further issue how the gut microbiota
can influence this microenvironment and contribute to
tumour progression.

Short-Chain Fatty Acids

SCFAs are bacterial products that are responsible for ion
absorption, gut motility, and modulation of immune responses
(48). SCFAs can inhibit the nuclear factor kappa-light-chain

TABLE 1 | Summary of the alterations of the gut microbiota in MM patients.

Gut microbiota of MM patients

Frequently colonised with opportunistic bacteria (6)

Increase in the number of bacteria involved in nitrogen recycling, such as K.
pneumoniae or S, pneumoniae (6)

Increased diversity and poorer interactions between genera (6)

Reduced number of SCFA-producing bacteria (6)

Changes resulting from applied treatments especially antibiotics

enhancer of activated B cells (NF-«B) and such proinflammatory
cytokines as IL-6 and TNF-o which are playing the role in
activating osteoclasts to create niches for myeloma cells and
additionally promote differentiation of Th17 cell (49). In
contrast, SCFAs may also increase the level of IL-10 and
induce expression of FoxP3 which in turn leads to
differentiation of immunosuppressive CD4" T cell subset
(Treg) (48). Eventually, both Treg (IL-10 and TGF-B) and
Th17 (IL-17) cells secrete cytokines that promote MM cell
proliferation via positive feedback loop (50). One SCFA,
butyrate, is reported to increase T-cell apoptosis by HDAC-
dependent Fas upregulation and consequent Fas-mediated
apoptosis of T cells. That in turn inhibit T-cell accumulation
within inflamed colonic mucosa which could prevent antigenic
stimulation known for its role in multiple myeloma development
(51). Furthermore, Jian et al. showed that SCFA-producing
bacteria such as Anaerostipes hadrus, Clostridium butyricum,
and Clostridium saccharobutylicum were reduced in patients
with MM, and that the addition of Clostridium butyricum in a
mouse model of MM resulted in mitigation of tumour
progression (6). SCFAs are also involved in the response to
treatment. Small, uncontrolled studies have indicated that SCFA-
producing bacteria play a significant role in reducing the level of
proinflammatory cytokines, thereby protecting the host from
tumour progression. Loss of SCFA-producing bacteria can result
in a higher risk of tumour progression. Bearing in mind that
specific diets can increase the population of SCFA-producing
bacteria, studies are needed to investigate whether changes in
diet in patients with MGUS can influence the risk of
tumour progression.

L-Glutamine

Jian et al. showed that stool samples from MM patients had
higher concentrations than in healthy patients of bacteria that
are involved in nitrogen utilisation and recycling, such as
Klebsiella and Streptococcus (6). The following mechanism has
been proposed to explain this phenomenon (6). MM cells are
known producers of NH," (52), which results from uptake of
glutamine (53). This NH," then accumulates in the bone marrow
and is released into the blood. In a healthy organism, the liver
successfully converts NH," into urea in the urea cycle. However,
MM patients experience a high increase in blood NH, " level that
exceeds the capacity of the liver to convert it to urea and can even
result occasionally in hyperammonaemic encephalopathy (54).
In addition, monoclonal protein renal deposition and
consequent reduction in renal function mean that the process
of urea excretion is impaired severely (55). Taken together, these
factors lead to an increased concentration of urea in the blood,
such that excessive amounts of urea reach the intestinal lumen.
The presence of urea in the gut layer causes the selection of
nitrogen-recycling bacteria, such as Klebsiella and Streptococcus.
These bacteria are involved in the hydrolysis of urea and
synthesis of L-glutamine that is taken up by MM cells, which
promotes tumour progression. It is probable that MM cells
harness the gut microbiota of the host as a recycler of NH4" to
deliver the necessary L-glutamine. In light of this, we speculate
that targeting human microbiota with natural methods, or

Frontiers in Oncology | www.frontiersin.org

52

October 2021 | Volume 11 | Article 741376



Jasinski et al

Microbiome in Plasma Cell Dyscrasias

antibiotics, if necessary, could be an attractive strategy to stop
this vicious cycle.

Th17 Cells

The differentiation of Th17 in GF mice is inhibited (14). Microbial
colonization, especially with segmented filamentous bacteria (SFB)
promotes induction of Th17 cells (56). Furthermore, it is already
known that Th17 elicited by SFB are of non-inflammatory
phenotype while Th17 cells induced by other bacteria Citrobacter
are secreting plenty of proinflammatory cytokines (57).

Plasma cells express IL-17 receptors on their surface and are
stimulated in vitro and in vivo via IL-17 produced by Th17 cells
(58). Of note, IL-6-STATS3 signalling pathway activated by IL-17
is relevant both for tumour (59) and plasma cell (60) growth
which suggests the role of IL-17 during different stages of MM.
IL-17 causes the upregulation of the receptor activator of the NF-
«B ligand, which results in the activation of osteoclasts (61) and
eosinophils that are producing IL-6 and TNF-o (5). Hence, IL-17
is the cytokine that bears the principal responsibility for bone
lesions in plasma cell dyscrasias. Stromal cells respond to IL-17
as well by producing IL-6 (62). Moreover, the interplay between
IL-6 and TGF-P, that are highly expressed in the bone marrow of
patients with MM, is influencing the generation of Thl7
cells (49).

Prevotella heparinolytica is responsible for the differentiation
of Th17 cells and their migration to the bone marrow in the
VK*MYC mouse model of MM (5). In mice that lacked IL-17, the
progression of plasma cell dyscrasias was delayed. Inhibition of
IL-17, IL-17 receptor A, and IL-5 in a VK*MYC model with

monoclonal antibodies results in reduced accumulation of Th17
cells and eosinophils in the bone marrow, which results in
delayed tumour progression (5).

Patients with MM have elevated serum level of IL-17 but
interestingly after therapy with bis-phosphonate level of that
cytokine is reduced (63). A higher level of IL-17 is also seen in the
blood of patients with SMM and is a predictor of rapid
progression of tumour growth. Therefore the level of IL-17
could be used as a potential marker of high-risk SMM patients
(64). Similar to the VK*MYC model, it would be useful to initiate
studies on patients to determine which bacteria are involved in
Th17 differentiation. Using this approach, bacteria that are
involved indirectly in the development of bone lytic lesions,
which is one of the main causes of morbidity in MM patients,
could be eradicated (Figure 2).

THE LINK BETWEEN THE GUT
MICROBIOME AND TREATMENT IN
PLASMA CELL DYSCRASIAS

It is known that different results of treatment and toxicity profiles
are associated with the gut microbiome (65, 66). For instance, a
specific composition of gut microbiota is required for an optimal
response to treatment with immune checkpoint inhibitors (67).
Baruch et al. conducted a phase I study on faecal microbiota
transplantation from complete responders to treatment for
metastatic melanoma to 10 non-responders, which resulted in
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FIGURE 2 | Association between the gut microbiota and tumour progression in MM patients. Recent findings show a close relationship between gut commensal microbiota
and MM cells. SCFA-producing bacteria are significantly reduced, resulting in increased levels of NF-kB, IL-6, and TNF-c, which are known to contribute to tumor progression
in MM. Another example derives from the fact that MM patients have increased nitrogen-recycling bacteria. These bacteria are involved in L-glutamine production, which is an
essential amino acid for MM cells. MM cells produce high amounts of NH4*, which is transformed in the liver into urea and reaches high concentrations in the blood and can
select nitrogen-recycling bacteria such as K. pneumoniae or S. pneumoniae. The influence of the gut microbiota on Th17 cell differentiation in MM patients remains to be
characterised, although we know that in a Vk*MYC mouse model, P. heparinolytica was responsible for that. Patients with MM have significantly higher level of IL-17 in the
blood, which is produced by Th17 cells and causes bone resorption, resulting in bone lesions that are the main symptom of this malignancy. Additionally, IL-17 activates
eosinophils that are consequently producing proinflammatory cytokines (IL-6 and TNF-o)) that are involved in tumor progression. Created with BioRender.com.
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partial responses in three patients and a complete response in
one (68). The gut microbiome can influence the results of
treatment, especially in respect of adverse events, and
treatment can modulate the gut microbiome.

During the last decade, new treatments for plasma cell
dyscrasias have been introduced, including immunomodulatory
drugs (thalidomide, lenalidomide, and pomalidomide),
proteasome inhibitors, and monoclonal antibodies. These have
improved the length and quality of life of patients with MM (69).
To emphasise the role of the gut microbiome in plasma cell
dyscrasias, we describe how microbes can affect the outcomes of
treatment in plasma cell malignancies. Their role is particularly
visible in respect of possible infectious complications after
treatment that are due to infection. It was recently confirmed
that treatment of MM changes the composition of the gut
microbiome in respect of diversity (70).

Pianko et al. showed that MM patients with no minimal
residual disease (MRD) after completion of upfront therapy had
greater numbers of butyrate-producing Eubacterium halii than
MRD-positive patients (71). Similarly, another butyrate
producer, Faecalibacterium prausnitzii, was associated with an
absence of MRD (71). Moreover, Peled et al. showed that
intestinal Eubacterium limosum was associated with decreased
risk of MM relapse after allogeneic haematopoietic cell
transplantation (72). These observations suggest that changes
in commensal microbiota caused by MM treatment could
influence the entire process of therapy or be a predictor of a
better response. Gopalakrishnan et al. showed how significant
the impact of the changes in the gut microflora on the response
to treatment can be. They showed that melanoma patients who
responded well to immunotherapy with anti-PD-1 agents had a
relative abundance of Ruminococcaceae family and higher alpha
diversity (diversity within one sample) in faecal microbiome
samples (73). Thus, it is possible that the composition of gut
microbiota in MM patients has a major influence on the
outcomes of immunotherapy, especially taking into account
that MM, similarly to melanoma, is closely related to
immune response.

Proteasome Inhibitors

PIs, such as bortezomib or carfilzomib are commonly used in
primary and relapsed MM. One common adverse effect is
gastrointestinal (GI) toxicity that results in diarrhoea. First, it
was thought that PIs alter gut motility or cause neurotoxicity,
resulting in autonomic neuropathy. The molecular reason for GI
toxicity is now established as an increase in TNF-o receptor 1
expression on intestinal cells and higher concentrations of IL-6,
TNF-o and IL-1B (74). However, there is a lack of evidence that
PIs influence composition of the gut microbiota. It might be that
inhibition of the NF-kB pathway is responsible for GI toxicity of
PIs (75). SCFAs can suppress the NF-xB pathway, which could
augment GI toxicity of PIs (76).

Steroids

Steroids are among the most commonly used anti-inflammatory
drugs. They are used in chemotherapy regimens for MM, as well
as in the treatment of a wide range of rheumatoid diseases.

Huang et al. showed that mice that had been subjected to chronic
exposure to steroids differed in the composition of their gut
microbiota compared with their healthy counterparts (77).
Steroid-treated mice had an increase in Bifidobacterium and
Lactobacillus, which are both associated with anti-inflammatory
effects, whereas they noted an absence of Mucospirillum, which is
responsible for degradation of colonic mucin. This effect might
be explained by the decrease of mucin production in mice treated
chronically with steroids. Dexamethasone exerts its anti-
inflammatory effects by blocking the NF-xkB pathway (78).
Furthermore, mice that were treated with dexamethasone
produced less IL-17 than healthy mice (77). This may be
another case in which steroids reshape the intestinal flora,
since IL-17 production depends on Thl17 cell differentiation,
which is associated with specific gut microbiota. However, not
only chronic exposure to, but also acute treatment with, steroids
affected gut microbiota in mice (77). Unsal et al. showed that
rodents that were injected with a single, strong dose of
dexamethasone underwent an increase in the number of ileal
anaerobic bacteria. Moreover, a single injection of a low dose of
dexamethasone resulted in an increase in the population of
coliform bacteria (79). However, the long-term effect of these
changes remains to be determined.

Antimicrobials

The link between antibiotics and the gut microbiome seems to be
the most examined and the influence of this group of drugs on
commensal bacteria is well established. However, although this
link has been studied intensively in healthy volunteers, there
remains a lack of wider studies with many groups of antibiotics
in MM patients. Ziegler et al. showed that levofloxacin, which is
the most commonly prescribed drug for bloodstream infections
and neutropenic fever prophylaxis, had a less damaging effect on
intestinal microbiota than broad-spectrum P-lactam (BSBL)
antibiotics (80). The latter group reduced alpha diversity. The
former was not associated with specific changes in the gut
microbiome that had been found to be associated with poor
clinical results (decrease in populations responsible for
protection against C. difficile; increase in non-Bacteroidetes
taxa, and reduction of alpha diversity). In light of their results,
the authors emphasised that fluoroquinolone antibiotics
protected patients from the negative effects of BSBLs (80). In
MM patients who had been newly diagnosed and who were at
particular risk of infection, the effect of prophylactic antibiotics
was small and there was no decrease in early mortality (81).
However, Valkovic et al. reported that MM diagnosis or
progression was frequently preceded by infection (82). That
could have been because bacterial infections are associated
with robust production of proinflammatory cytokines and TLR
activation on MM cells (83, 84). This is why prophylactic broad-
spectrum antibiotics can result in a delay in disease progression.
In respect of allogeneic stem-cell transplantation (alloSCT),
Weber et al. showed that early use of broad-spectrum
antibiotics that are active against commensal organisms, such
as Clostridiales was associated with increased transplant-related
mortality and decreased overall survival (85). Administration of
imipenem-cilastatin or piperacillin-tazobactam for neutropenic
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fever resulted in gut microbial perturbation and increased graft-
versus-host disease-related mortality compared with aztreonam
or cefepime, both of which decreased activity against commensal,
anaerobic bacteria (86). Such observations of antibiotic effects on
the response to treatment of MM need to be investigated in
patients who are treated with autologous stem-cell
transplantation (ASCT). There is also a recently published
systematic review of infections associated with selinexor in
patients with relapsed/refractory MM that also compares the
risk of infections with other novel agents. It is already known that
selinexor could prevent viral infections through blocking of
XPOLI - mediated nuclear transport which facilitates the export
of viral proteins. The authors state that randomized clinical trials
are needed to fully understand the risk of infections associated
with selinexor (87).

Autologous Stem-Cell Transplantation

D’Angelo showed that after ASCT, patients showed significantly
decreased diversity of the microbial gut population (88). El Jurdi
et al. showed an association between baseline microbiota of
patients undergoing ASCT with further regimen-related
toxicities and with the rate of neutrophil engraftment (89).
They found that bacterial diversity after ASCT recovered
within 1 month after the procedure, but that fungal
populations constantly decreased, which suggests that a longer
time is needed for the reconstitution of the mycobiome.
Although the prospective study included only 15 patients, the
results were encouraging for further studies. This group
recognised several links between the composition of the
microbiota and effects on ASCT-related toxicity and outcomes.
One of the links relied on identifying an increased population of
Bacteroides at day +7 in patients with less severe diarrhoea, while
more severe diarrhoea, nausea, and vomiting occurred in
patients with a higher prevalence of the stool populations of
Blautia and Ruminococcus. They also identified a negative
correlation between fungal phyla Glomerella presence in stools

and neutrophil engraftment (89). Similar conclusions were
drawn from the results of the small pilot study with 15
patients, showing that baseline microbiota were associated with
subsequent incidence and severity of nausea, vomiting,
neutropenic fever, and rate of neutrophil engraftment (90).
Khan et al. showed recently that 534 adult recipients of high-
dose chemotherapy with ASCT had significantly decreased alpha
diversity at early pretransplant stages than healthy individuals
and that this reduction in diversity tended to be more marked in
the course of the procedure (9). The pattern of this loss of
diversity and dominance of specific taxa were similar to those
seen in patients after alloSCT. In addition, they showed that the
greater the diversity of the gut microbiota, the lower risk of
progression or death. Our group showed in a retrospective,
single-centre study that colonisation with antibiotic-resistant
bacteria had a significant influence on the outcomes of alloSCT
(91). The main finding was that the overall survival of patients
who were colonised by antibiotic-resistant bacteria was estimated
to be half that of the noncolonised group. A similar conclusion
was reached by Scheich et al. concerning the effect of colonisation
by multidrug-resistant organisms on the results of ASCT (92).

Other Treatments

There is little information on the possible influence of other
treatments, such as immunomodulatory drugs and monoclonal
antibodies, on plasma cell dyscrasias (Table 2).

CONCLUSIONS

Despite some progress in the outcomes of treatment of MM, it
remains a disease that cannot currently be cured, due to relapse or
refractoriness to any available therapy. An emerging factor that
could influence not only the refractoriness of MM but also a
progression from asymptomatic MGUS to MM is the gut
microbiota. We see that changes in the composition of

TABLE 2 | Relationship between the gut microbiota and treatment of plasma cell dyscrasias.

Treatment How it affects the gut microbiota in plasma cell dyscrasias?
Pls «  There is no evidence proving the influence of Pls on gut microbiota
Steroids *  Mice treated with steroids had increased Bifidobacterium and Lactobacillus population and the absence of Mucospirillum bacteria (77)

*  Mice treated with dexamethasone had decreased production of IL-17 compared with an untreated group. IL-17 production is strictly related to the
presence of Th17 cells, whose differentiation in the gut was recently proved in the Vk*MYC mouse model. This indicates some relationship (77)
«  Not only chronic exposure but also acute treatment resulted in alteration of the gut microbiota in rodents (79)

Antimicrobials  «

Levofloxacin had no significant impact on the human gut microbiota, while BSBL antibiotics caused a reduction of alpha diversity (80)

«  Administration of broad-spectrum antibiotics efficient against commensal microbiota resulted in higher transplant-related mortality and decreased

overall survival (85)

«  Patients treated with imipenem-—cilastatin or piperacilin~tazobactam had increased risk of GVHD-related mortality compared with aztreonam or

cefepime (86)
ASCT .
procedure (89)

Patients after ASCT had decreased diversity of microbial populations in the gut and the normal composition was rebuilt within 1 month after the

« There is a strong relationship between baseline microbiota of MM patients and severity of toxicity related to the procedure and with the rate of

neutrophil engraftment (89)

« Patients after high-dose chemotherapy before ASCT had significantly decreased alpha diversity of the gut microbiota compared with healthy

individuals (9)
Other .
treatments

Little is known about possible influence of gut microbiome on treatment outcomes with immunomodulatory drugs or monoclonal antibodies
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commensal bacteria can affect the process of transforming MGUS to
MM. Further, these changes are associated with colonisation with
opportunistic pathogens that can become an aetiological agent of
complications due to infection that are associated with treatment.
Probably, in the future, it will be possible to identify patients who
have an especially high risk of progression to MM, or even to
modulate intestinal microflora to reduce the risk of progression of
MGUS. It is also possible that the gut microbiota will be modulated
to reduce complications that are due to treatment and disease, or to
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8. Podsumowanie

Niniejsza rozprawa doktorska obejmuje zardwno prace oryginalne, jak i przegladowe, ktorych
wspolnym tematem jest rola mikrobioty jelitowej w rozwoju, leczeniu i powiklaniach leczenia
szpiczaka plazmocytowego.

W pracy przegladowej pt. ,,The Role of the Gut Microbiome in Pathogenesis, Biology, and
Treatment of Plasma Cell Dyscrasias” (Frontiers in Oncology, 2021) podsumowano aktualna
wiedzg na temat zwigzku mikrobiomu jelitowego z patogeneza, biologia i leczeniem dyskraz;ji
plazmocytowych. Wskazano, ze komodrki nowotworowe mogg ksztattowa¢ sktad mikrobioty, a
zaburzenia jej rdwnowagi sprzyjaja progresji od MGUS do peloobjawowego szpiczaka
plazmocytowego. Szczegdlne znaczenie przypisano bakteriom zaangazowanym w przemiany
azotu oraz zmniejszonej liczbie bakterii produkujacych SCFA, ktore posrednio moduluja
mikrosrodowisko szpiku i wplywaja na proliferacj¢ komorek nowotworowych. Podkreslono
takze, ze mikrobiota moze modulowa¢ odpowiedz na terapie, w tym immunoterapie nowej
generacji, co otwiera perspektywe zastosowania interwencji takich jak przeszczepienie
mikrobioty jelitowej czy ukierunkowane wsparcie dietetyczne.

W drugiej pracy przegladowej pt. ,,The Role of the Crosstalk Between Gut Microbiota and
Immune Cells in the Pathogenesis and Treatment of Multiple Myeloma” (Frontiers in
Immunology, 2022) nacisk potozono na szczegdtowe przedstawienie ztozonych interakcji
pomie¢dzy mikroorganizmami jelitowymi, a komdrkami uktadu odporno$ciowego w kontekscie
patogenezy i leczenia szpiczaka plazmocytowego. Szczeg6lng uwage zwrocono na przewlekta
stymulacje¢ antygenowa limfocytéw B jako mechanizm sprzyjajacy transformacji plazmocytow,
a takze na rol¢ rownowagi miedzy subpopulacjami limfocytow T (Treg i Th17) w utrzymaniu
homeostazy immunologicznej. W pracy ukazano, ze mikrobiota oddzialuje nie tylko poprzez
metabolity takie jak SCFA, ale rowniez poprzez wplyw na dojrzewanie komorek
dendrytycznych, makrofagow, neutrofili i limfocytéw, a tym samym reguluje procesy
sprzyjajace lub hamujace rozwdj nowotworu. Podkre§lono, ze mikrobiota odgrywa istotng role
w inicjacji zmian prekursorowych, jak 1 w dalszej progresji choroby, a jej modulacja moze w
przysziosci sta¢ si¢ elementem terapii wspierajacych.

Pierwsza praca o charakterze oryginalnym pt. ,,Ice-cream used as cryotherapy during high-dose
melphalan conditioning reduces oral mucositis after autologous hematopoietic stem cell
transplantation” (Scientific Reports 2021) dotyczyla praktycznego problemu klinicznego, jakim

jest zapobieganie toksycznemu uszkodzeniu §luzowek blony §luzowej jamy ustnej u pacjentow
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poddawanych procedurze auto-SCT. Zbadano skuteczno$¢ zastosowania komercyjnie
dostepnych lodow jako formy krioterapii i wykazano, Ze metoda ta istotnie zmniejsza czgstos$¢
i nasilenie zmian zapalnych w jamie ustnej. Pokazano, ze czg¢stos¢ wystepowania OM w grupie
otrzymujacej lody wyniosta 28,84%, podczas gdy w grupie, ktora lodow nie otrzymywata
wyniosta 59,09%. Jest to prosta, tania, dobrze tolerowana przez pacjentow strategia i tatwa do
wdrozenia w warunkach klinicznych. Wyniki tej pracy maja bezposrednie znaczenie
praktyczne i stanowig przyktad badan ukierunkowanych na poprawe jakos$ci zycia pacjentow
w trakcie intensywnego leczenia onkohematologicznego.

Druga praca oryginalna pt. ,,Impact of gut colonization by antibiotic-resistant bacteria on the
outcomes of autologous stem cell transplantation in multiple myeloma” (Scientific Reports
2024) dotyczyta wplywu kolonizacji przewodu pokarmowego przez bakterie
antybiotykooporne (ARB) przed auto-SCT na ryzyko powiklan infekcyjnych po wykonaniu
procedury. Wykazano, ze kolonizacja ARB wigze si¢ ze znacznie wyzszym ryzykiem infekcji
po auto-SCT w pordéwnaniu do grupy bez kolonizacji. Czg$ciej dochodzito do rozwoju sepsy
bakteryjnej u chorych skolonizowanych. Biorgc pod uwage fakt, iz dane literaturowe wskazuja
na zwigzek kolonizacji ARB ze zubozeniem mikrobioty jelitowej mozna wysnu¢ wniosek, iz
kolonizacja ARB jest markerem nieprawidtowej mikrobioty, ktora z kolei wplywa na
przepuszczalno$¢ bariery krew-jelito. Pomimo braku istotnosci statystycznej, zaobserwowano
tendencje do krotszego przezycia catkowitego (OS) w grupie pacjentow skolonizowanych, na
co wplyw moze mie¢ $miertelno$¢ wynikajaca z wczesnych powiktan przeszczepienia
krwiotworczych komoérek macierzystych (wydluzenie okresu obserwacji mogloby uzyskaé
istotno$¢ statystyczng).

Podsumowujac, przedstawione publikacje ukazuja szerokie spektrum badan - prac
oryginalnych i przegladowych, ktore rzucaja nowe $wiatto na udzial mikrobioty jelitowej i jej
interakcje z ukladem odporno$ciowym w rozwoju i leczeniu szpiczaka plazmocytowego.
Nalezy jednak z pokora zaznaczy¢, ze badania oryginalne wskazujg przede wszystkim na
istotne asocjacje, lecz nie dowodza mechanizméw przyczynowo-skutkowych. Z kolei prace
przegladowe odzwierciedlaja stan wiedzy w momencie ich publikacji 1 wymagaja stalej

aktualizacji w obliczu szybko postgpujacych badan w tej dziedzinie.
9. Whnioski

Na podstawie wynikow badan przedstawionych w ramach niniejszego cyklu publikacji

sformulowano nastgpujace wnioski:
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1. Kolonizacja przewodu pokarmowego przez bakterie antybiotykooporne (ARB) przed
procedura auto-SCT stanowi istotny czynnik ryzyka rozwoju powiktan infekcyjnych, w
szczeg6lno$ci bakteriemii (43% vs 14%, p=0.004), u pacjentow ze szpiczakiem
plazmocytowym.

2. Zastosowanie krioterapii w formie lodéw spozywczych podczas wlewu
wysokodawkowanego melfalanu jest skuteczng, dobrze tolerowang i efektywna kosztowo
metoda profilaktyki zapalenia blon $luzowych jamy ustnej (OM), znamiennie redukujaca
czgstos¢ tego powiktania (28.8% vs 59.1%, p=0.02).

3. Mikrobiota jelitowa, poprzez mechanizmy takie jak przewlekla stymulacja antygenowa
limfocytéw B oraz produkcja metabolitow wplywajacych na mikros§rodowisko guza, odgrywa
kluczowa role w patogenezie dyskrazji plazmocytowych i moze modulowaé progresj¢ od
stanéw przednowotworowych do aktywnego szpiczaka plazmocytowego.

4. Skiad 1 funkcja mikrobioty jelitowej wplywaja na odpowiedz na leczenie
przeciwszpiczakowe, a jej celowana modulacja, np. poprzez transplantacj¢ mikrobioty jelitowe;j
(FMT) lub interwencje dietetyczne, moze stanowi¢ obiecujacg strategie terapeutyczng w celu

poprawy wynikéw leczenia i przezwycig¢zania lekoopornosci.
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OSWIADCZENIE

Jako wspélautor pracy pt. ,,Impact of gut colonization by antibiotic-resistant bacteria on the
outcomes of autologous stem cell transplantation in multiple myeloma. Scientific Reports. 2024
Dec 28;14(1):31221.” os$wiadczam, ze mo6j wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
przygotowanie danych do analiz, krytyczna rewizja manuskryptu. Méj udzial procentowy w
przygotowanie publikacji okreslam jako 10%.

Wkiad Marcina Jasifiskiego okreslam jako 60%, obejmowat on przygotowanie koncepcji i
metodyki, przeglad literatury oraz przygotowanie manuskryptu.

Jako wspétautor pracy pt. ,Ice-cream used as cryotherapy during high-dose melphalan
conditioning reduces oral mucositis after autologous hematopoietic stem cell transplantation.
Scientific reports. 2021 Nov 18;11(1):22507.” o$wiadczam, ze méj wklad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badaf oraz przedstawienie pracy w formie
publikacji stanowi: przygotowanie danych do analiz, krytyczna rewizja manuskryptu. Méj
udziat procentowy w przygotowanie publikacji okre$lam jako 5%.

Wklad Marcina Jasifiskiego okreslam jako 70%, obejmowal on przygotowanie danych do
analiz, analiz¢ wynikow i ich interpretacje, analize statystyczng, napisanie manuskryptu.

Wyrazam zgodg na wykorzystanie wyzej wymienionych prac jako czg$ci rozprawy doktorskiej

lek. Marcina Jasinskiego.
/éﬂ%v / ou 7200
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Lek. Michat Gérka Warszawa, 18.08.2025

OSWIADCZENIE

Jako wspétautor pracy pt. ,JIce-cream used as cryotherapy during high-dose melphalan
conditioning reduces oral mucositis after autologous hematopoietic stem cell transplantation.
Scientific reports. 2021 Nov 18;11(1):22507.” oswiadczam, ze m6j wkiad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badanh oraz przedstawienie pracy w formie
publikacji stanowi: przygotowanie danych do analiz, krytyczna rewizja i ostateczne poprawki
pracy. M6j udziat procentowy w przygotowanie publikaciji okreslam jako 2%.

Wklfad Marcma Jasifiskiego okreslam jako 70%, obejmowal on przygotowanie danych do
analiz, analiz¢ wynikéw i ich interpretacje, analize statystyczng, napisanie manuskryptu.

Wyrazam zgod¢ na wykorzystanie pracy jako czgsci rozprawy doktorskiej lek. Marcina
Jasinskiego.
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Dr n. med. Agnieszka Tomaszewska Warszawa, 18.08.2025

OSWIADCZENIE

Jako wspélautor pracy pt. ,Ice-cream used as cryotherapy during high-dose melphalan
conditioning reduces oral mucositis after autologous hematopoietic stem cell transplantation.
Scientific reports. 2021 Nov 18; 11(1) 22507.” oswiadczam, ze méj wkiad merytoryczny w
przygotowanie, przeprowadzenie i opracowame badan oraz przedstawienie pracy w formie
publikacji stanowi: krytyczna rewizja i ostateczne poprawki pracy. M6j udziat procentowy w
przygotowanie publikacji okreslam jako 2%.

Wkiad Marcina Jasifiskiego okreslam jako 70%, obejmowat on przygotowanie danych do
analiz, analiz¢ wynikow i ich interpretacjg, analizg statystyczna, napisanie manuskryptu.

Wyrazam zgod¢ na wykorzystanie pracy jako cze$ci rozprawy doktorskiej lek. Marcina
Jasinskiego.
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5

Prof. dr hab. med. Grzegorz Wiadystaw Basak Warszawa, 18.08.2025

OSWIADCZENIE

Jako wspélautor pracy pt. ,,Jmpact of gut colonization by antibiotic-resistant bacteria on the
outcomes of autologous stem cell transplantation in multiple myeloma. Scientific Reports. 2024
Dec 28;14(1):31221.” oswiadczam, ze méj wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
przygotowanie koncepcji i zaprojektowanie badania, analiza wynikéw i ich interpretacja,
krytyczna rewizja i ostateczne poprawki pracy. Mo6j udzial procentowy w przygotowanie
publikacji okreslam jako 5%.

Wktad Marcina Jasinskiego okreslam jako 60%, obejmowat on przygotowanie koncepcji i
metodyki, przeglad literatury oraz przygotowanie manuskryptu.

Jako wspolautor pracy pt. ,Ice-cream used as cryotherapy during high-dose melphalan
conditioning reduces oral mucositis after autologous hematopoietic stem cell transplantation.
Scientific reports. 2021 Nov 18;11(1):22507.” o$wiadczam, ze m6j wklad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: przygotowanie koncepcji i zaprojektowanie badania, krytyczna rewizja i
ostateczne poprawki pracy. Méj udziat procentowy w przygotowanie publikacji okreslam jako
2%.

Wklad Marcina Jasiniskiego okreslam jako 70%, obejmowat on przygotowanie danych do
analiz, analiz¢ wynikéw i ich interpretacjg, analizg statystyczna, napisanie manuskryptu.

Jako wspélautor pracy pt. ,,The role of the crosstalk between gut microbiota and immune cells
in the pathogenesis and treatment of multiple myeloma. Frontiers in Immunology. 2022 Mar
31;13:853540.” o$wiadczam, ze m6j wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: analiza danych
dostepnych w literaturze, napisanie manuskryptu, krytyczna rewizja i ostateczne poprawki
pracy. M6j udzial procentowy w przygotowanie publikacji okreslam jako 5%.

Wkiad Marcina Jasifiskiego okreslam jako 75%, obejmowat on analizg danych dostgpnych w
literaturze, napisanie manuskryptu.

Jako wspélautor pracy pt. ,,The role of the gut microbiome in pathogenesis, biology, and
treatment of plasma cell dyscrasias. Fronmtiers in oncology. 2021 Oct 1;11:741376.”
o$wiadczam, ze m6j wkiad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji stanowi: analiza danych dostgpnych w
literaturze, napisanie manuskryptu, krytyczna rewizja i ostateczne poprawki pracy. M6j udziat
procentowy w przygotowanie publikacji okreslam jako 10%.

Wkiad Marcina Jasifiskiego okreslam jako 70%, obejmowat on analizg danych dostepnych w
literaturze, napisanie manuskryptu.

Wyrazam zgodg na wykorzystanie wyzej wymienionych prac jako czescije awy doktorskiej
lek. Marcina Jasinskiego.
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Prof. dr hab. med. Wiestaw Wiktor Jedrzejczak Warszawa, 18.08.2025

OSWIADCZENIE

Jako wspélautor pracy pt. ,JIce-cream used as cryotherapy during high-dose melphalan
conditioning reduces oral mucositis after autologous hematopoietic stem cell transplantation.
Scientific reports. 2021 Nov 18;11(1):22507.” o$wiadczam, ze m6j wktad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: przygotowanie koncepcji i zaprojektowanie badania, krytyczna rewizja i
ostateczne poprawki pracy. Méj udziat procentowy w przygotowanie publikacji okreslam jako
2%.

Wkiad Marcina Jasinskiego okreslam jako 70%, obejmowat on przygotowanie danych do
analiz, analiz¢ wynikow i ich interpretacje, analizg statystyczna, napisanie manuskryptu.

Wyrazam zgod¢ na wykorzystanie pracy jako czgsci rozprawy doktorskiej lek. Marcina
Jasinskiego.
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Lek. Kamila Skwierawska Warszawa, 18.08.2025

OSWIADCZENIE

Jako wspbétautor pracy pt. ,Ice-cream used as cryotherapy during high-dose melphalan
conditioning reduces oral mucositis after autologous hematopoietic stem cell transplantation.
Scientific reports. 2021 Nov 18;11(1):22507.” o$wiadczam, ze méj wkiad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: przygotowanie danych do analiz, krytyczna rewizja i ostateczne poprawki
pracy. M6j udziat procentowy w przygotowanie publikacji okreslam jako 2%.

Wklad Mal:cina Ja._siﬁskiego okreslam jako 70%, obejmowat on przygotowanie danych do
analiz, analize wynikéw i ich interpretacjg, analizg statystyczng, napisanie manuskryptu.

Wyrazam zgodg na wykorzystanie pracy jako czgsci rozprawy doktorskiej lek. Marcina
Jasinskiego.
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Prof. dr hab. n. med. Emilian Snarski Warszawa, 18.08.2025

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Impact of gut colonization by antibiotic-resistant bacteria on the
outcomes of autologous stem cell transplantation in multiple myeloma. Scientific Reports. 2024
Dec 28;14(1):31221.” o$wiadczam, ze moj wkiad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badani oraz przedstawienie pracy w formie publikacji stanowi:
krytyczna rewizja i ostateczne poprawki pracy. Méj udzial procentowy w przygotowanie
publikacji okreslam jako 2%.

Wkiad Marcina Jasifiskiego okreslam jako 60%, obejmowat on przygotowanie koncepcji i
metodyki, przeglad literatury oraz przygotowanie manuskryptu.

Jako wspdtautor pracy pt. ,Ice-cream used as cryotherapy during high-dose melphalan
conditioning reduces oral mucositis after autologous hematopoietic stem cell transplantation.
Scientific reports. 2021 Nov 18;11(1):22507.” o$wiadczam, ze mdj wktad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badafn oraz przedstawienie pracy w formie
publikacji stanowi: przygotowanie koncepcji i zaprojektowanie badania, analiza wynikoéw i ich
interpretacja, analiza statystyczna, napisanie manuskryptu, krytyczna rewizja i ostateczne
poprawki pracy. M6j udzial procentowy w przygotowanie publikacji okreslam jako 10%.

Wkiad Marcina Jasifskiego okre$lam jako 70%, obejmowal on przygotowanie danych do
analiz, analize wynikow i ich interpretacjg, analizg statystyczna, napisanie manuskryptu.

Wyrazam zgode na wykorzystanie wyzej wymienionych prac jako czg$ci rozprawy doktorskiej
lek. Marcina Jasinskiego.
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Dr hab. med. Jarostaw Bilinski Warszawa, 18.08.2025

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Impact of gut colonization by antibiotic-resistant bacteria on the
outcomes of autologous stem cell transplantation in multiple myeloma. Scientific Reports. 2024
Dec 28;14(1):31221.” os$wiadczam, ze moj wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
przygotowanie koncepcji i zaprojektowanie badania, analiza wynikdéw i ich interpretacja,
analiza statystyczna, przygotowanie manuskryptu. M¢j udziat procentowy w przygotowanie
publikacji okreslam jako 15%.

Wkiad Marcina Jasinskiego okreslam jako 60%, obejmowat on przygotowanie koncepcji i
metodyki, przeglad literatury oraz przygotowanie manuskryptu.

Jako wspotautor pracy pt. ,,The role of the crosstalk between gut microbiota and immune cells
in the pathogenesis and treatment of multiple myeloma. Frontiers in Immunology. 2022 Mar
31;13:853540.” o§wiadczam, ze moj wktad merytoryczny w przygotowanie, przeprowadzenie
1 opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: analiza danych
dostgpnych w literaturze, napisanie manuskryptu, krytyczna rewizja i ostateczne poprawki
pracy. Moj udziat procentowy w przygotowanie publikacji okre§lam jako 20%.

Wktad Marcina Jasinskiego okre$lam jako 75%, obejmowal on analiz¢ danych dostgpnych w
literaturze, napisanie manuskryptu.

Jako wspotautor pracy pt. ,,The role of the gut microbiome in pathogenesis, biology, and
treatment of plasma cell dyscrasias. Frontiers in oncology. 2021 Oct 1;11:741376.”
o$wiadczam, ze moj wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji stanowi: analiza danych dostgpnych w
literaturze, napisanie manuskryptu, krytyczna rewizja i ostateczne poprawki pracy. Moj udziat
procentowy w przygotowanie publikacji okreslam jako 20%.

Wktad Marcina Jasinskiego okreslam jako 70%, obejmowat on analiz¢ danych dostgpnych w
literaturze, napisanie manuskryptu.

Wyrazam zgodg¢ na wykorzystanie wyzej wymienionych prac jako czesci rozprawy doktorskiej
lek. Marcina Jasinskiego.

&W

73



Mgr Karolina Ostrowska Warszawa, 18.08.2025

OSWIADCZENIE

Impact of gut colonization by antibiotic-resistant bacteria on the
splantation in multiple myeloma. Scientific Reports. 2024

Dec 28;14(1):31221.” oéwiadczam, ze moéj wkiad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badaf oraz przedstawienie pracy w formie publikacji stanowi:
przygotowanie danych do analiz, krytyczna rewizja manuskryptu. Méj udzial procentowy W

przygotowanie publikacji okreslam jako 2%.
Wkiad Marcina Jasifiskiego okreslam jako 60%, obejmowal on przygotowanie koncepcji i
metodyki, przeglad literatury oraz przygotowanie manuskryptu.

Jako wspblautor pracy pt. ,,
outcomes of autologous stem cell tran:

Wyrazam zgodg na wykorzystanie pracy jako czeéci rozprawy doktorskiej lek. Marcina

Jasinskiego.
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Dr n. med. Wojciech Konarski Warszawa, 18.08.2025

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Impact of gut colonization by antibiotic-resistant bacteria on the
outcomes of autologous stem cell transplantation in multiple myeloma. Scientific Reports. 2024
Dec 28:14(1):31221.” oswiadczam, ze mdj wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
analiza wynikow i ich interpretacja. M6j udzial procentowy w przygotowanie publikacji
okreslam jako 2%.

Wklad Marcina Jasinskiego okreslam jako 60%, obejmowal on przygotowanie koncepcji i
metodyki, przeglad literatury oraz przygotowanie manuskryptu.

Wyrazam zgod¢ na wykorzystanie pracy jako czesci rozprawy doktorskiej lek. Marcina
Jasinskiego.
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Lek. Anna Brodziak Warszawa, 18.08.2025

OSWIADCZENIE

Jako wspoétautor pracy pt. ,,Ice-cream used as cryotherapy during high-dose melphalan
conditioning reduces oral mucositis after autologous hematopoietic stem cell transplantation.
Scientific reports. 2021 Nov 18;11(1):22507.” o§wiadczam, ze moj wktad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: przygotowanie danych do analiz, analiza wynikow i ich interpretacja,
napisanie manuskryptu. M6j udziat procentowy w przygotowanie publikacji okreslam jako 5%.

Wkiad Marcina Jasinskiego okreslam jako 70%, obejmowal on przygotowanie danych do
analiz, analiz¢ wynikow i ich interpretacjg, analize statystyczng, napisanie manuskryptu.

Wyrazam zgod¢ na wykorzystanie pracy jako czesci rozprawy doktorskiej lek. Marcina
Jasinskiego.
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Dr hab. n. med. Edyta Podsiadty Warszawa, 18.08.2025

OSWIADCZENIE

Jako wspoétautor pracy pt. ,,Impact of gut colonization by antibiotic-resistant bacteria on the
outcomes of autologous stem cell transplantation in multiple myeloma. Scientific Reports. 2024
Dec 28;14(1):31221." o$wiadczam, ze mdj wklad merytoryczny w  przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
przygotowanie koncepcji i zaprojektowanie badania, krytyczna rewizja i ostateczne poprawki
pracy. M6j udziat procentowy w przygotowanie publikacji okreslam jako 2%.

Wkiad Marcina Jasinskiego okreslam jako 60%, obejmowal on przygotowanie koncepcji i
metodyki, przeglad literatury oraz przygotowanie manuskryptu.

Wyrazam zgode na wykorzystanie pracy jako czesci rozprawy doktorskiej lek. Marcina
Jasinskiego.
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Dr n. med. Patrycja Rusicka - Krzewska Warszawa, 18.08.2025

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Impact of gut colonization by antibiotic-resistant bacteria on the
outcomes of autologous stem cell transplantation in multiple myeloma. Scientific Reports. 2024
Dec 28;14(1):31221.” o$wiadczam, ze moj] wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
przygotowanie danych do analiz. Mgj udziat procentowy w przygotowanie publikacji okreslam
jako 2%.

Wklad Marcina Jasinskiego okreslam jako 60%, obejmowat on przygotowanie koncepcji i
metodyki, przeglad literatury oraz przygotowanie manuskryptu.

Wyrazam zgod¢ na wykorzystanie pracy jako czeSci rozprawy doktorskiej lek. Marcina

Jasinskiego.

78



Lek. Marcin Jasinski Warszawa, 18.08.2025

OSWIADCZENIE

Jako wspotautor pracy pt. ,,Impact of gut colonization by antibiotic-resistant bacteria on the
outcomes of autologous stem cell transplantation in multiple myeloma. Scientific Reports. 2024
Dec 28;14(1):31221.” o$wiadczam, ze mdj wklad merytoryczny w przygotowanie,
przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi:
przygotowanie danych do analiz, analiza wynikow i ich interpretacja, analiza statystyczna,
napisanie manuskryptu.

Moj udziat procentowy w przygotowanie publikacji okreslam jako 60%.

Jako wspotautor pracy pt. ,,Ice-cream used as cryotherapy during high-dose melphalan
conditioning reduces oral mucositis after autologous hematopoietic stem cell transplantation.
Scientific reports. 2021 Nov 18;11(1):22507.” o$wiadczam, ze moj wkilad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie
publikacji stanowi: przygotowanie danych do analiz, analiza wynikéw i ich interpretacja,
analiza statystyczna, napisanie manuskryptu.

MOoj udziat procentowy w przygotowanie publikacji okreslam jako 70%.

Jako wspétautor pracy pt. ,,The role of the crosstalk between gut microbiota and immune cells
in the pathogenesis and treatment of multiple myeloma. Frontiers in Immunology. 2022 Mar
31;13:853540.” o§wiadczam, ze moj wkiad merytoryczny w przygotowanie, przeprowadzenie
i opracowanie badan oraz przedstawienie pracy w formie publikacji stanowi: analiza danych
dostepnych w literaturze, napisanie manuskryptu.

Moj udziat procentowy w przygotowanie publikacji okre§lam jako 75%.

Jako wspotautor pracy pt. ,,The role of the gut microbiome in pathogenesis, biology, and
treatment of plasma cell dyscrasias. Frontiers in oncology. 2021 Oct 1;11:741376.”
oswiadczam, ze moj wklad merytoryczny w przygotowanie, przeprowadzenie i opracowanie
badan oraz przedstawienie pracy w formie publikacji stanowi: analiza danych dostepnych w

literaturze, napisanie manuskryptu.

Moj udziat procentowy w przygotowanie publikacji okreslam jako 70%.
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