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8VSRUHGED vVDVWDYD VDOLYDUQH L FULMHYQH PLNURELRW
urtikarijom i u zdravih ispitanika

Uvod: .URQLPQD VSRQWDQD XUW L N DNR &ikterigitanaNizHijaXj&® O QD E
XUWLND BRLGLD&dgibEde®m WH LQWHQJLYQLP VYUEHARP X WU
tedana., DNR HWLRSDWRJHQH]D MR& QUMHKRUS POWERNDRY WL UD
SRUHPHUDMénBdgsustd®X QRML VX X %LNAGIXBBMHYD DXWRLPXQH
IMXGVND PLNURELRWD LPD YDAaQX XORJX Xshopdustawd.X L RGL
Promjenau sastavu mikrobioteW R MHVW G LV E L R ]DX FPLRAA NI XG WRTBNOSD &)W 14 W L

sustava i razvoju upalnih bolesti

Metodologija: U 22 bolesnika s KStm i 23 zdravaispitanika analizirali smo sastave
salivarne i crijevne mikrobiote iz uzoraka sline i fecesa. Za detekciju mikrobnih sastava
koristili smo metodu sekvenciranja nove generacije (&gt Generation SequenciidGS),

to jest sekvenciranje gena za 16S rRNA.

Rezultati: Alfa raznolikost crijevne mikrobioteila je ]QDp DWRQRRHQD X EROHVQLND
om (p<0,05, X RGQRVX QD ]|GUDYH NRQWUROH OMHUHQMHP EHWL
UD]JOLNH L]PHYX FULMHYQH PLNUR E LRUWHRERO tHM4IQarMdp L |G UI
PLNURELRWL L]PHYyX -RROHV|QUNDD L\K .l688l¢ WuDWHL N/DW DR L WW L |
]QDpDMQLP UD]JOLNDPD X ]JDVWXSOMHQRVWL SRMHGLQLK E
(p<0,05). SRPHQMDMIDMQR VPDQMHQD ]JDVWXSOMHQRVW EDNWHL
masne kiseline (engshortchain fatty acidsSCFA) u crijevima (p8&,05). Bakterijski rodovi
Lachnospiraceae NK4Al13&ubacterium eligensRoseburiau crijevima te rodvi Kingella,

Lautropia i vrsta Capnocytophagaleadbetteri u slini, pokazali suse kao potencijalni
GLMDIJQRVWLpPpNL EWRPDUNHUL ]D .68

=D N O M &gstainsalivarne i crijevne mikrobiotd QDpDMQR V H] RJIDY R LENREVHEXYY QL NL
KSU-om i zdravih ispitanika.= Q Drig[pMmjene u mikrobnim sastavima maqgudonijeti

S R U H P HUID YWI&Rriktgnog sustava irezultirati S R M Inpp&niim odgovoom
NDUDNWHUKSUW.LpQLP ]D

.OMXpQHNURMPIQD VSRQWDQD XUWLNDULMD VPNBBYDUQD P



SUMMARY

Comparison ofsalivary and gut microbiota composition betweenpatients with chronic
spontaneousurticaria and healthy individuals

Introduction : Chronic spontaneous urticaria (CSU) is defined as the presenbed,
angioedema, or both, accompanied by intense itch, in a duration longer than 6 @&dks.
affects about 1% of the general population and there has been a noticeable increase in the
prevalence of this condition in recent years. It is more frequently observed in young and
middle-aged adults, affecting women two times more often than meraviérage duration of

CSU is commonly around 5 years, although, ir2ZB% of patientsit persists for more than 5
\HDUV 7KH WUHDWPHQW RI &68 LV IRFXVHG RQ 3V\PSWRP F
and activators such as histamine and autoantibodies. Sgeaedation noisedating H1
antihistamines are recommended as the initiattnent (up to foufold dose), followed by
omalizumab as a secotlide treatment. Other therapies include cyclosporin, glucocorticoids,
and alternative treatments with limited evidence of efficacy. Debilitating symptoms and the
prolonged duration of the skase significantly impact patients™ quality of lifdthough the

precise etiopathogenesis is largely unknown, CSU is considered an immegliegted
inflammatory disease, with an autoimmune etiology in mbam t50% of cases. To date, 2
autoimmune endotypes are recognized. Type | autoimmune (autoallergic) CSU is characterized
by the presence of IgE antibodies against autoantigens, for example, thyroid peroxidase and
IL-24. Type lIb autoimmune CSU is associateth IgG autoantibodies to IgE and or its high
DIILQLW\ UHFHSWRUV RQ PDVW FHOOV )FO05,

Human microbiota plays a crucial role in the development and maintenance of immune system
balance. Gut and salivary microbiota are two major communities of microorganisms within the
human body, including bacteria, fungi, and viruses. They play an impod@nin health
maintenance, such as preventing pathogen propagation, controlling metabolism, improving
epithelial integrity, and regulating the components of both innate and adaptive host immune
systems. Smoking, alcohol consumption, overuse of antibjopoor hygiene, a diet
characterized by a low fiber intake and high levels of fat and sugar, a sedentary lifestyle,
pollution, and various toxins can disrupt the natural balance of gut and salivary microbiota.
Changes in microbiota composition, known gshiosis, can contribute to dysregulation of the

immune system and the development of inflammatory diseasestd calterations salivary



and gut composition have been described in various diseases, including autoimmune,

metabolic, allergic, psychiatric diseases, inflammatory bowel diseases, and malignant tumors.

This study aimed to compare the composition and diversity of salivary and gut microbiota

between CSU patients and healthy controls.

Methodology: This casecontrol study included 22 CSU patients and 23 healthy controls. The
diagnosis of CSU was established according to international guidelines for urticaria.
Participants with certain conditions that could affect gut microbiota composition wendeccl

from further investigation. The exclusion criteria were as follows: participants who had taken
systemic antibiotics and commercial probiotics in the last 3 months, patients with inflammatory
bowel diseases, diabetes, obesity, psychiatric diseasealignamcy, participants whioave
beensmokng more than 5 cigarettes per day, patients with periodontal diseases, oral ulcers,
and oral inflammatory diseases and participants who were pregila# participants were
instructed to provide stool and salivary samples using commercial collection kits, according to
WKH PDQXIDFWXUHUfY LQVWUXFWLRQV %DFWHULDO '1$ ZD
16S rRNAsequencing was performed to detect the salivary and gut microbiota composition of
all subjects.Furthermore, blood samples from the patient group were taken to perform routine
diagnostic tests (differential blood count, ESR, CRP, IgGHRPO, total IgEyitamin D). CSU
patients were also asked to fill out two questionnaires: Urticaria activity score (UAS) and
Chronic urticaria quality of life (CkQ20L), to assess the activity of the disease and its impact

on quality of life.

Results: There were no significant differences in age or gender between the CSU group and
healthy contra group. Half of the CSU patients had elevated-aRO antibodies, while 2/3

had vitamin D deficiency. There was a significant association between elevat@&@nand
decreased total IgE (p<0.05), suggesting a type Ilb autoimmune CSU.

To evaluate alterations in the gut and salivary compositions and diversities between the two
groups, we examined alpha diversity (measures the diversity of microbial species within a
sample) and beta diversity (measures the differences in species complositi@en the
samples). Alpha diversity of the gut microbiota was significantly reduced in CSU patients (p <
0.05) compared to healthy controls. Beta diversity revealed significant clustern@.(5)
between the CSU patients and healthy controls. Anabysipha and beta diversity of salivary
microbiota didn’t reveal significant differences between the CSU group and healthy controls.

Vi



To explore the statistically significant differences in the relative abundance of gut and salivary
bacteria between the two groups, the linear discriminant analysis (LDA) effect Bit&e)

was performedLEfSeidentified a statistically significant increased abundance of gut bacteria
from the Lachnospiraceadamily in the healthy group, includingachnospira Roseburia,
RuminococcusCoprococcus and Eubacterium eligengroup (p<0.05). Members of the
Lachnospiracea¢amily are among the major producersshiortchain fatty acids (SCFAS).
These results indicated a notable decrease in the abundance of-@GBAsNg bacteria in

the gastrointestinal tract of CSU patieht&fSeanalysis of salivary microbiota between CSU
patients and healthy individuals showed statistically significant differences in the abundance
of specific bacterial species, genera, families, and orders (p < 0.05). Bacteria from the order
Burkholderiales family Flavobacteriaceae and generaCapnocytophagaKingella, and
Lautropiawere sigificantly more abundant in the CSU group compared to healthy controls.
On the other hand, speci&reptococcus sanguiniand Hemophilus pitmmaniaavere
significantly less abundant in CSU patients compared to healthy subjects. Furtheh@ore,
receiver operating characteristic curve (ROC) was used to analyze the potential diagnostic
value of statistically significant bacteria. Bacterial geneéschnospiraceae NK4A136
Eubacterium eligensandRoseburian the gut, as well as gendfangella andLautropiaand
speciesCapnocytophaga leadbettem the saliva, were identified as potential diagnostic
biomarkers for CSU. Analysis of the association between salivary and gut microbiota revealed
that a higher number of bacteria originating from saliva were observed in CSU patients
compared to healthpdividuals. This indicates that in CSU patients, a higher quantity of these
bacteria might be playing a role in immune system activation within the gut. This finding
suggests that in CSU patients, an increased abuadédtitese bacteria may be contributing to

immune system activation within the gut.

Conclusion Salivary and gutmicrobiota compositions significantly differ between CSU
patients and healthy individuals. Significant changes in microbial compositions can contribute
to the dysregulation of the immune system and result in an enhanced inflammatory response
characteristioof CSU. These findings provide important insights into the potential role of
microbiota in the development of CSU and highlight the need for continued research in this

area.

Keywords: chronic spontaneous urticaria, NGS, salivary microbiota, gut microbiota

Vii
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11 .URQLpPpQD VSRQWDQD XUWLNDULMD

111 . ODVLILNDFLMD XUWLNDULMH L GHILQLFLMD NURQLpPQH \

S8UWLNDULMD MH XSDOMDUBRWHWYW]LUDAIKRNVROW)XD XUWLND
RVMHUDMHP VYUEHAD 8UWLNDPD PRAH5PGWLVEUYGBORAHAV
GHUPDWRORANRM EROHVWL S &HPYLMERGDNHL BB S{ ODLAL MBI DWW

razvije neki oblik urtikarije (2).

SUHPD GXOMLQL WUDMDQMD XUWLNDULMD VH NODVLILFL!
NDUDNWHUL]JLUDQD MH SRMDYRP XUWLND VDPRVWDOQR LO|
NRMH VH MDYOMDMX VYDNRGQHYQR LOLod&WdNYaRRAYsBNR G Q -
o QDMPHREMWDLNX XUWLNDULMH D NDR QDMpH&UL XJURFL QDY
WUDNWD PRNUDUQRJ VXVWDYD X]LPDQMH OLMHNRYD RGLl
YHULQL VOXpDMHYD VLPSW&REdNABUHIJUHGLUDMX XQXWDU WMH

.URQLpPpQD XUWLNDULMD GHILQLUDQD MH VYDNRGQHYQLP LO
angioedema u razdoblju duljem od 6 tedada (URQLpPpQD XUWLNDULMD VH
SURYRFLULUDMXUH pLPEHQLNH GDOMH NODVLILFLUD NDR N
inducirana urtikarija (khdU) (2). Kod KindU-e UD]YRM EROHVWL SRWDNQXW
SURYRFLUDMXULP pLPEHQLFLPD NDR d8WR VX KODGQRUD S|
WRSOLQD YMHAEDQMH L YLEUDFLMH .68 PDQLIHVWLUD
LIUDAHQ VYUEHA X Uofjaama®HXLGHQWHPLRLUDQRJ SURYRFLU
KSU se javlapHauH RdB-H, QR R G UHyH Q hdlseRpeN|preRiMptomatski
dermografizam, spadaju Q D M [kbhaaiiditlitete bolesnika s KSbim (3).

11.2ESLGHPLRORJLMD L WLMHN NURGLYXYMKNSRD VO DONHY ROWWIK

Prevalencija KSke YDULUD PHyX U D] OmgilLrégijama. PRI @ Ditelatdr®
X 'S X U X tveKut@odko 1% svjetske populacije boluje od K&(2).

KSU se javljaikod RGUDVOLK L NRG GMHFH &4aHQH REROLMHYDMX
QDMpPpWEJBKYDUHQH aHQVNH RMBEH VUHGQMLK JRGLQD
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KSU u prosjeku traje 2 do 5 godirxg); P H y X W10P EROHVQLND EROHVW MH C
i traje dulje od 5 godina. Nekolicina bolesnik& R ailp¥ hekoliko epizoda KSté tijekom

ALY RMOD

1HSUHGYLGLYL WLMHN EROHVWL L]JUDAHQL VLPSWRPL SU
RGJRYRU QD WHUDSLMX ]QDpDMQR QDUX&DYDMX NYDOLW
psihijatrijskih komorbiditetg2). &8 W R'Y L¥ilHa HX #& Gboljelih prisutna je anksioznost i
GHSUHVLMD &4WR SULGRQRYL (OR®DAMRMVNEMENWHWDQARWR
QHSUHGYLGOMLYD SRMDYD XUWLND L DQJLRHGHPD ]QDpD
SURGXNWLYQRVW QD SRVOX L X AaNROL QDUXaADYDMX NYI
partnerom iunutar obitelji (8 SUHPD YHOLNRP PHYyXQDURGQRFB LVWUD
(end. Assessment of the Economic and Humanistic Burden of Chronic Spontaneous/Idiopathic
Urticaria patienty, YLAaH ® BGolesnika KSU-omizostane s radnog mjegedan LOL YL&aH

sati tiedno zbog simptoma bolesti, a produktivhost na poslu smanjena j#Z%6)27

1.1.33DWRIL]JLRORJLMD NURQLpPQH VSRQWDQH XUWLNDULMH

SDWRIL]JLRORXN@MMBMXBEMH VORAHQX LQWHUDNFLMX L]JPHYyX PI
AWR UH]XOWLUD SRMDYRP VLPSWRPD NRG EROHVQLND

.OMXPQX XORJIX X SDWRJIJHQH]L XUWLNDULMHXLP\DMEN RV WR |
XJOBRP RNR NUYQLK &4LOD L VHQ]R13QMONWRWHNDID LK DQIDRB G
SRSUDUHQLK LQWHQIJLYQLP VYUEH&RP UH]XOWDW MH DNWL
EURMQLK PHGLMDWRUD

'HJUDQXODFLMD PDVWRFLMWOQRREMEQMWDBRV,OMEBYBBEGRYD
UH]X OMPX\Q FOWQML YD FLIMHPH RYRDMN.QLWHWQH UHFEHSQRUH |C
PDVWRFLWLPD VH QDOD]H UD]QL UHFHSWRUL pLMRP GLUH!
PDVWRFLWD 7R VX UHFHSWRUL ]D & D & D5 ]D QHXURSHS
VO 'HJUDQXODFLMRP PDVWRFLWD RVOREDYVD VH KLVWDPLQ
VLPSWRPDB &8 KLVWDPLQ OXpH VH L EURMQL GUXJL PHG
SURVWDJODQGLQ ' MIZM &OHXNRWULFLWRNLQH SRSXW 71)

. ,/ L GUXJLK 6YL RYL PHGLMDWRUL GMHOXMX QD FLOMC
WDNRYHU SRWLpXLPHBBXWDFIHWRILQRILODNRQDDPIRUEDD GROD
SRYHUDQH YDJRGLODWDFLMH L LDADN®@DDRWOQ B MRIR § R WHRMAMLL
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WH SRGUDADMHP VHQ]RUQaW RS ENSHIDVGRB/ALUMHE B ¥ DWW BRNDX SV W D
QHXURSHSWLGLPD L5SHIXOWDW WLK JELYDQMD MH SRMDYD |

VYUEHAD

PremaGRVDGDAaAQMLP LVWUDALY D Q-#¥dofljedicarjeniunsDeaktiCaxijp D M HY D
mastocitgSlika 1) Autoimuna KSUe Q D M pétiapiKSUe. Prema literaturiy YLAH R G

V O X pb,DK& U j¢ Butoimune etiologijel7). Opisuju se dva mehanizraatoimune KSkke,a

RED XNOMXpXMX DOID SRGMHGLQLFX YLVRDRBEILHR WHINQR J
mastocita i bazofiD ) F 0Autoimuna KSU tipd, tzv. autoalergijska KSlposredovana je

IgE protuijelima usmjerenimprotiv vlastitin antigena (autoalergena), primjerice, protiv

tireoidne peroksidaze (TPO) i interleukina2l (1,2). Autoalergeni formiraju komplese sa

IgE protuijHOLPD L SRWRP VH YHaX QD )FO05, QDtoPDNAWRFLWLPD
tipa,,E GHILQLUDQD M prosWLWXMIQ@R@D XY QD V W2 \Wha pddtihaOL QD )|
LPDMX LVWL PHKDQL]DP DNWLYDFLMH PDVWRFLWD V SRV
PHGLMDWRUD SRGUD¥PDMOPKVHOQDIRDQD L UHJUTWWRFLMRP X
b Had lip&®anmune KSte GRN EROHVQLFL V WLSRP ,,E LPDMX Wt
YULMHGQRVWL XNXSQRJ ant-TRIphotugetaQ stabjielradijskGaddowow L

(2,18). Bolesnici s autonunom KSUomtipallb pHaUH LPWDIMEU X addaQtbimGne X J

bolesti,ponajprijeHashimotov tireoiditis i vitiligo B).

8 EROHVQLRP XSBOQL LQILOWUDW VDVWRML VH RG QHXWUF
2YH VWDQLFH PLJULUDMX L] NUYL X NR&X GMHORYDQN
5$17(6 ,/ & D & D 71)L GUXJL%D]RSHQLMD L HR]JLQRSHQLMD
EROHVQLN®PURGBD] VX SUHODVND WLK7IVNVIDYQ MBED D] N U Y
NRUHODFLML V BNWRYQRY IRGEIRYRURP @D |\WHWILSLMR]LQ
SULGRQRVH UB]YBRMXH.6@D VYRMR N PIRVOE,AL QL MBEN B WRIU H
PLMRP DNWLY D FRW 8@ @O B ISR RIWRILLWR N L Q

7K OLPIRFLWL VIOGRIRIFQIVQWQNRAQLP LQILORPUDIWQANMDKERO
SULVXWQL VX L 7K L 7KK GOUMAPRHAIWL RWSXaWwDMX EURMQ
VWYDUDGURWXWNWHODFLMX PDVWRFIBNVDR GHHRVDQRBE ®D A8 ED |
VHUXPX L X NRAaQLP ELRSWDWLRD)SRYMLAHQH VX UD]JLQH ,)1
v A ,/ L GUXJLK SURXSDG@QIDp FME RNMUPI) XCADELM X PD V)Y
PRJX L]ID]YDWL L NRDJXODFLMVNL IDNWRUL 3ULPMHULFH W
3$5L 335 UHFHSWRUH QD PDVBWREMWLPDNWLYLUDQL NRDJXOL
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;D NOMRU ,,D L SODJPLQ PRJIJX VWWENEP®Q HP B QWD D N\RRWLS R Q H\
DNWLYLUDWL PDVWRFLWH GLUHNWQLP YH]IDQMHP QD & D5 L

Slikal. S UHGORAHQL DXWRLP X Qd. PReHizZKtD &lagtPanoiRiGEL6H 8

Mnogi bolesnici s KStbmnavoe RGUHYHQH X]JURPQH PpLPEHQLNH NRMH ¢
simptoma To seponajprijeodnosi na strezatim LQIHNFLMH R GdhidsieddiXe KU D Q X
protuupalne lijekove. lako sSUBSURYRFLUDMXSIRYH]IPEHQLFSRMDpPpDQRP DN
mastocita, ne smatraju se uzrociraavojaKSU-e, ali mogu se mogu smatrati faktorima koji
GRYRGH GR BoRstRIY ADQMD

U posljednemGHVHWOMHUX SRVWLIJIQXW MH YHOLNEKQW&SEUHGDN
PHYyXWLP V NOLQLpNRJ VWDMDOL&A&WD SRVWRML SRWUHED ]I
NRML UH RWYRULWL SXW QRYLP GLMDJQRVWLpPNLP L WHUL

bolesti.

114 . OLQLPpND VOLND XUWLNDULMH

8UWLNDULMD DMV BRRBLYRWH X HOMIPNDD 8 UDMQNEHR PL DRRILR VH MDY
VDPRVWOOXRNRPELQDFLMEV OXDpMR WHD XXUWLNH MDYOMDM X
VOXpDMHYD EROHVW VH PDQLIHVWLUD VERPGRHSRRUNFRPGRQJ
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SRMDYH L XUWLND LORGHLRNWEGAWBSRP MH VYUEH& NRML MH
LQWHQILYDQ

SUWLND MH SULPDUQD NR&QD PRUID R&AWUR RJUDQLpPHQD
PHVWRUDNWHUL]LUDQD VUHGLAQMLP RG\OLLADIQINDWRV MR NN & &
SRVOMHGLFD HGHPD X JRD R MMPLBNVNOXRGHDBXWODUQRJ L \
REOLND WH VH PRA4H SRMDYLWL ELOR JGMH QD WLMHOX .L
QHVW DM I IS RY ODLPHIGRD VD YDNERMDYH 1DNRQ SRYODpHC
JDKYDUHQD NR&D SRQRYQR SRFULWDQ @R URDW DD L BIOCHIG! Q F
LQE@L QRJ VYUEHAD LOL SHFNDQMD

‘ - 4 T

6OLNBUWLNH

$QIJHRHP MH RWLFDQMH NRAH LOL VOX]QLFH NRMH MH SRVON
WNLYD LOI6¥IONXFHERMNH MH SUDUHQ RVMHUDMHP EROQRVWL
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VDPMWYUEHAEBPMpHBKNDUD XVQLFH SHULRUELWDOQX UHJLMX
XGRYH =D UD]JOLNX RG XUWLND DQJLRHGHP VBIWERULMH S

6YUEHA MH VXEMHNWLYQD QHXJRGQD VHQ]DFLMD NRMD U}l
GLMHORYLPD WLMHOD QDMLQWHQJLYQLMH QD OHYyLPD L QD
QRiUX -HGDQ MH RG YRGHULK pLPEHQDN&LNRMWID EHRIDHAWVLOLND
RP XNOMXpXMXiUL VPDQMHQX NYDOLWHWX VQD VPDQMHQX L
L SRWHANRUH X VYDNRGQHYQLP DNWLYQRVWLPD

6OLNPQIJLRHGHP

1.15'LMDJQRVWLPNL SRVWXSDN NRG NURQLPpQH VSRQWDQH X

"HWDOMQP D QWEeOQMLPNL SUHJOHG SUHGVWDYOMDMX SUYL N
RP

$QDPQH]D WUHED XNOMXpLYDWL SRGDWNH R XpHVWDORVWL
QMLKRYRM YHOLPLQL REOLNX L GLVWULEXFLML SRVWRM
SURYRFLUDMXULP pLPEHQLFLPD XpHVWPRIOAFRD/ WIE BEB&KREMWY D
WH SRMDYL RSULK VLPSWRPD R RELWHBDRMYHNRWVREIRRKBQ RIN
SVLKROR&ANLK VPHWQML LOL SVLKLpNLK SRUHPHUDMD SRVV
PRIJXUHP SRJRUEADQMX XAUQNIKNPLREBQMNDG LOJIILNMHAEDQMD
X]JLPDQMX OLMHNRYD IXQNFLMDPD L QDYLNDPD SXaHQM:
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7DNRyHU DQDPQH]D WUHED VDGUAaDYDWL L SRGDWNH R ]DC
SHUFHSFLML VWUHVD WLMHNRP EROHVWL NDR L R XNXSQR!

6 REJLURP QD SULURGX EROHVWL YUOR pHVWR X WUHQXW!
VWRJIJD MH YDAQRWHRIDHEEBOWVYQLNDNRGRNXPHQWDFLMX IRWI

,GXUL NRUDN SUHGVWDY O MAkiMa¥e&njérinizd QUROpINA gkdddmigelzél WU D J
DOHUJRORJLMX L NOLQLpPNX LPXQRORJLMX TKe EdXdpBa@ QML V
Academy of Allergology and Clinical Immunology, Global Allergy and Asthma European
Network, European Dermatology Forum i World Allergy Organization,
EAACI/GA2LEN/EDF/WAO), iz 2022. godineV XJHULUDMX GD RVQRYQH GLMD.
WUHEDMX XNOMXpLY DW L (BKS), dedirhéhtatidSE Y1 @ Xedkiivv QroteidV O L N X
(CRP) razinuukupnoglgE protutijelai razinuprotuijela na tireoidnu peroksidaz{ant- TPO).
SBRQHNDG VH SULPMHQMXMH L aLubD GLMDJQRVWLpPpND REU
SRGDWDND 3URALUHQD GLMDJQRVWLpPND REUDGD XNOMXDp
hepatogram, glukoza, ukupni proteini, elektroforeza),analizu urina, urinokulturu,
PLNURELRORS&tdlice, DetviRdnk oxisevlN R G 3 Hridee LretreNRG PX&NDUDFD
analizu antigen#lelicobacter pyloriiz stolice, vrijednosTSH 17 DQWL7J EULVHYH a
QRVD SDULCREWRGRANRXQR O &dilfieafhi EritGel(ANA) i ENA
(ekstraktibilni nuklearni antigenpanelvrijednosti komplementa C3, C4, C1q, kao i inhibitora

Cl-esterazel).
&LOMHYL GLMDJQRVWL{ESIRJ SRVWXSND NRG .68
i) SRWYUGLWL GLMDJQR]X L LVNOMXpLWL GLIHUHQFLMD

S8UWLNH L DQJLRHGHPL PRJX VH MDYLWL L X VNORSX GU
GLMDJQR]Juu: XN i@ddckdnu urtikariju (u obradi je potrebna identifikacija
SURYRFLUDMXUHJ pLPEHQLND NRML X]|bRukiXavijHv&SkIMI® Y X XUW
(ako urtike perzistiraju dulje od 24 samsubjektivno jeY LAHUDAHQD EROQRVW X R
VYUBHAGLFLUDQD MH ELRSVYMPIDWRBRREPMWRBRE@ANRNYRAOQDOL]F
imunofluorescencgm u svrhu detekcijevaskulitisa) ¢) mastocitaa; d) VWHpPpHQL LOL KHUH
angioedem e) autoinflamatorne sindromeNRML XNOMXpXMX 6FKQLW]JOHURY
VLQGURP SHULRGLpPpQL VLQ@&aUER GphyHiasepcigtedNpetidlis L UL Q
syndromeCAPS) L G U DOQDPQAHVRVUDNY RNMRXGRSULK VLPSWRPD SRS’

bolova u zglobovima i kostima)¥) prebulozni stadij buloznog pemfigoidy.
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i) LGHQWLILFLUDWL SRGOHAaHUH XJURNH L IDNWRUH NRN

Prema najnovijim saznanjim&) D M Y Durz€tilbtaRvojaKSU-e smatraju se autoimunost

tipa | (stvaranjelgE protutijelana vlastite antigene) te autoimunost tipla ($tvaranje 1gG

antitijela na vlastite IgE ili nd&c®I) (2). Rezultati osnovnih pretraga (CRP, ukupni IgE,

antTPQ XVPMHUDYDMX GLMDJQR]X X ko RdifelaVRIWE Uzxoci OHY X W L
GHIJUDQXODFLMH PDVWRFLWD RVWDMX QHUD]MDaQMHQL 8 1
ubrajaju selijekovi, hrana, stres, infekcielDMpHAauUL O ldbbdN @ édzabeRohtije

KSU-e su nesteroidni protuupalni lijekavt DN R yréemta LW UDALYDAMLPBROHV QLN
KSU-om navodida stresizrokuje S R J R €sirbp@iia(l).

iii) procijeniti aktivnost, tijek i utjecaj bolesti na svakodnevne aktivnosti.

U bolesnika s KStbm, aktivnost L W H & L Q rodieRuiz HasWiridardiziranim upitnikom
koji senaziva BUWLFDULD $FWLYLW\ 6FRUH"~ 8%$6 ukdp@ati VH R PN\
EURM XUWLND L tijekerHsaddnWiEN22T)VY hhkgdeéndm upitniku se tijekom
MHGQRJ GDQD PRAaH VN X8 domg,Lkoji fuVez iRt bEbR Grikd DinterGiteta
VY U-HTFhBIbal) ODNVLPDODQ EURM ERGRYD NRML VH PR&H SR
iznosi 42 AWRD]XMH QD WHA&aNX N O27) IsfoietnavarijaNtX ooy Mpitntka®d U L M H

postoji i za angioedem

Tablical. 1DpLQ ERGRY D QAttizarka XcBJity\SQdrel(AS7)

Bod | Pojava utik a 6YUEHA
0 bez pojave EH] VYUEHAD
1 mali broj (<20 u 24 sata) EODJL VYUEHaA

2 umjeren broj (2660 u 24satg XPMHUHQ VYUEHA

3 | veliki broj (>50 u 24 sata) LOQWHQ]JLYDQ VYUEH& XWMH

8] SURFMHQX DNWLYQRVWiocERDNVINQLWHW®R &HRA W HQRR O H
NRQWUROX EROHVWL 8SLWQLN NYDOLW H Yot YtiRadD EROH V
4XDOLW\(QHIRALIHDVWRML VH RG SLWDQMD NRMD SRNULYE
EROHVW XWMHpH QD NYDOLWHWX 4LYRWD D WR VX VYUEH.
RJUDQLpHQMD 1D VYDNR SLWDQMH EROHVQLN EaRiUX&XMH
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NYDOLWHWGERALYRWPDMQR QDUXAEDY D uklprd O H\WHOMKXD WL Y@ BV
QDUKEHNYDOLWHWX &L '28R30/ D ,\@ D LFRORIVYRLNXSLWQLND SRVWF

angioedemom

Radi uvida u kontrolu bolesti koristan jdrticaria Control Test (UCT). Standardizirani

upitnik sastojise RG b Hitdhjalldja VH RGQRVH QD XpHVWDORVW SRMDY
VYUEHAD QD -XWQIH RNIYN Q 6 8WHp\WV @ NERYWIRMRDPW AW M HQ SIDMER O H \
kontroli bolestiu posljednjih mjesec dana2GJRYRUL VH ERGXMX YULMHGQRV\
broj bodova ukazuje na bolju kontrolu bole$tL)

U sklopu dijagnostt NH REUDGH ER @H\MOLYIDMPMBBRUELGLWHWL QD
KIndU-e (simptomatski dermografima X U W L N D U L M RwQiburke ®@eStitRabine

bolesti, vitiligo, reumatoidni artritis(RA)) i alergijske bolesti.S druge straneQDMpHauUH
posljedice KSUe su azvojpsihijatrijskin komorbiditeta u ovih bolesnikaonajprijedepresig

i anksioznost zatimproblemi sa spavanjerh SRUHPHUOML SDaQMH

1.1.6 /LMHPpHQMH NUR Qitika@jel VSRQWDQH

ILMHpHQMHMB8VLPSWRPDWVNR &LOM OLMHpHQMD MH HOL
SRWSXQX NRQWUROX EROHVWL L SRSUDYLWL NYDOLWHWX ¢

UYL NRUDN X OLMHplQRMXLMB MXE MEARDIRRHENHNIBUAO

smjerniceS U H S R Z{dpaMsinié lijekova koji mogu dovesti do egzacerbacije bolesgseT

u prvom redwdnosina nestenane protuupalne lijekovd). Nadalje UD]JOLPpLWH LQIHNFLM
infekcije bakterijomHelicobacterpylori, crijevne parazitoze i sl.) mogu utjecati na aktivnost
EROHVWL L SRJRUADQMH VLPSWRPD VWRJD LK WUHED OLM!

utjecaju stresa na aktivnost KS1(32).

'"UXJL NRUDN MH IDUPDN-R®R &NRXOOWHHKQNHHFIEBM QR GMHO|
mastocitgpoput histamingili na aktivatore mastocitgpoput antitjela 7UHQXWQR VH LVW
nove terapijske opcije kogu usmgrenena inhibiciju ili smanjefe brojamastocita(2). Prema

najnovijim EAACI/GA2LEN/EDF/WAO smjernicama i2022.godine,prvulinju X OLMHpHQM X
KSU-e pL@QHVHGHUDQ@WLKLVWDPLQLFL GUXJHenddsdgovardraL M H X
terapiju ili je algovor slah GR]D VH SRGLaH GR pHWLUL WDE@HWH GQH
daOMH QH UHJUHGLUDMX XQDWRp pHW YditihRtatmhtinadriegd GR]L W

10
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generacije, u drugoj liniji dodaje omalizumab, humanizirano IgGlgtprotuWLMHOR 8 WUH
liniji, u bolesnika kod kojih bolest ne reagira ni na terapiju omalizumabom, daje se

imunosupresivni lijek ciklospori(i).

lako je histamin glavni medijatokoji se otp Xt iz mastocita a Hl-antihistaminici
predstavljaju osnovu terapije urtikarije, podaci reataize ukazuju da je oko 64 bolesnika
rezistentnana konvencionalndozu antihistaminika, a kod sarfi8% WLK EROHVQLND SRY
doze antihistaminika dovode do kon&osimptoma 2). 3UHPD LV WGLdé&aYiD QM X
suradnika, bolesnici s autoimnom KSUom tipa llb rezistentniji su na terapiju
antihistaminicima. Samo 39 EROHVQLND V SR ¥itid APQpLorUijel®ildQL B L P

ukupnim IgE imali su pozitivan odgowr na terapiju antihistaminicima3).

Omalizumab je prvo IgG antgE protutijelo UHJLVWULUD QR -¢Dafelsdu-bplRQ MH .68
supkutane injekcije X R E L puDdbzHd@ ROOmg svaka 4 tjednalf. Omalizumab inhibira

interakciju izmey X ,J( L QM HJRafiftdtndgLiédeptdRa) FOSpLPH WSHUMHpPDYD
aktivacia. PDVWRFLWD L EDBbRKitaO/Bzanje OdERWHédeptore (CD23) na B
limofcitima i stanicamaNRMH SUHGRpD3P MR HGOWMXIHQXPLQDN RPDO
bolesnici s autoimunom KSkbm tipa | (autoalegijskim tipom) koji su rezistentni na
antihistaminike, u 7 VOXpDMHYD LPDMX SR]JLWLYDQ RGJIJB®BYRU QD V
OHYyXWLP J]QDpPpDMQR ORALML R Gadndrdau@muRdmXSdm#BRDE LP DN
llb 36). Koo SUHGLNWRUL VODERJ RGJRYRUD iLikGpn&gMdgeM X VH \
S RY BEE-@nti TPOprotuijela, pozitivan test autolognim serumgemd . autologus serum
skintest$667 L VQLAHQD G Na\bSZSfHaZM D ) F

&LNORVSRULQ MH LPXQRVXSUHVLYQL QO4rvaktdtithlibazafildE ORNL U |
Osimtoga PRaH LQKLELUDWL 7WIDD RRPHBII RMNMHFAWR QD VPDQMFE
mastocita37) &LNORVSRULQ VH JERJ YHOLNRJ EU M B HYX\WQIVRM
EROHVQLND V WHaNKd REAUMNRDD6BRPELQDFLMXopeHWYHUR
Q HV H G L U Davtikigtardinika druge generacije i omalizumabal)( Za razliku od
omalizumaba, bolesnici s autoimunom K$bh tipa IIb imaju dobar odgovor na terapiju
FLNORVSRULQRP L GXaH UD]JGREOMH UHPLVLMHi QM NRQ XNl
bolesnika na ciklosporinu prijaviu MHG QX LOL Y,LI[&BHaQiovhsaRMilD ndelim

dozama lijeka38).

11
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IDGDOMH ($%$&, *$ /(1 (') :$2 VP MHWXL© HMIeSiQdhsked & p
kortikosteroidnom terapijom Pritom, ARG R E U DYNXUBOMRX 3N U D W NdisterskiM Hp HQ M F
kortikoserRLGLPD NRG DNXWQLK HJ]DFHUEDFLMRl(EROHVWL V F

.DR DOWHUQDWLYQH RSFLM Hdefreshi (ddkgepiqQ), MHRnthStBrfinid M X VH
(ranitidin), dapson, metotreksat, mikofenolabfetil, dijeta bez pseudoalergematravenski
imunoglobulini, plazmafereza, fototerapigpsihoterapija X).

Ligelizumabje nova generaay antrlgE monoklonalnogprotutijela. Trenutno je u fazi Il
NOLQPNRJ LVWU D a LsYeivsiudij® pakatziix @ri @ovat si§urnosni profil, no
XPLOQNRLWRWWMUD X XVSRUHG®L VODRANPRDGIW XRDIBDRP LVWUDa
antitijela usmjerena na Cha i C5a receptore, Bruton inhibitori tirozin kinaze (fenebrutinib),
antitijela na 117 i IL-23, kao i antitijela na 4, IL-5 i IL-13, monoklonsko antBiglec8

antitijelo kao i MRGPRX2 antagonig@).

Slab odgovor na terapiju HDQWLKLVWDPLQLFLPD YHOLNL WUR&ANRYL
EURMQH QXVSRMDYH FLNORVSRULQD XYH®ddNdlesRikdJDQLpDY
KSU-om. 'DOMQMD LVWUDALYDQMD QHRSKRGQD VX ]D EROMI
doprinose razvoju KSi¢. 7 D N R yodtbji p&@reba za pronalaskom novih tkivnih i serumskih
markerakoji bi doprinijeli razvojuX VP MHUHQLM Hetapfeb LQNRYLWLMH

1.2 2VQRYQD RELO Midréaibbe OMXGV NH

IMXGVND PLNURBYRWDPNVNYXBRUJIJDQL]DPD NRML aLYH X LOL
LQWHUDNFLML VX V OMXGVNLP RUJDQL]PRP J/OMNKIGKHNNKHP L N U F
'DOHNR QDMYHUL GLR RWSDGDNWH &DMW HURLMHD O QD V W I
PRYMHND L SUHGVWDYOMD IBR® GRMPR P LNULNRERRMVRP SRGU
FMHORNXSQL JHQHWVNL PDWHULMDO WLK PLHKWXWPEORIRDQL]
PLNURELRPD pLQH EDNOWHWERMUIND QIHHEL NRORQL]JLHDMX UL
ORNDOL]DFERBEXWLMRO®B® MYXNQREQWHVWLQDOQRJIL WUDNMW
XURJHQLWDPRURPILWIMXWBRPSOHNVDQ HNRVXVWDY NRML VH
VYDNH QL2 VDPRRYHORIIDLQMH LQWHUDNFLMD L]JPHYX OM
PLNURELRPD 3ULWRP LQWHUDNFLMD PRaH ELWL NRPHQ]
LOQWHUDNFLMH GRN GUXJL QHPD QL NRULVWL QL a&WHWH l

12
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LQWHUDNFLMH WH SDWRJHQD MHGDQ RUJDQL]DP X]JURNXM
LIJUDMX YDAQX XORJX X RpXYDQMX KRPHRVWD]H L ]JGUDYOM

3UYL NRQWDNW NRML pRYMHN LPD V3RJLLNYBSHEIOR WARJPH @I M 5 M IY
XWMHpH QD VDVWDY PIINURRBILRMBHULFH QRYRURVYHQpPDG UR:
SXWHP NRORHQ[NUDP QDU RIMHPR E (EDMWMBOKYLMD NRMH LPDMX Y
SUREDYLLEBOLWRM)D QRUPDOQRJ XUDYQRWH & WBI& B NDIYWOQR D
LPXQRVQRJ VXVWMWMURYHQPDG URVYHQD FDUVNLP UH]RF
PLNURRUJDQ]JLPLPD V NR&H PDMNH L PHENBSKVONRRFR RAXR
3URSLRQEDRBWHUIKPDFWHBYKPYHUL EURM LVWUDALYDQMD .
LPXQ@RPXVWDYX L QHGRVWDWQRM IXQNFLML FULMHYD N
QDJODABYDMRPHIDQ ULJLN RG UD]JYRMD SUHWLORVWL DVV
DXWRLPXQLK EROHVWL NDVQLMH WLMHNRP 4LYRWD

=DMHGQR V UDVWRP L UD]JYRMHP OMXGVNRJ RUJDQL]PD PI
VSHFLILPQRM QL&L L QHSUHVWDQR VH UD]YLMD BREBAXWMHF
RNROL&D 2VLP DQWLPLNUREQH J]DAWLWQHMNORIKIN RPMXOGQN
LOQWHJULWHWD SRMHGLQH QL&H PHWDEROLpPNLP IXQNFLM
LPXQRVERWDYDPDNWRUL SRSXW GREL SUHKUDQH QDpLQD 4
QDVOLMHYHQLK JHQD L SRVWRMHULK EROHVWL NOMXpQL V:

3URPMHQD X VDVWDYX OMXGVNH PLNURELRWH ELOR GD V
VPDQMHQRP EURMX NR 8 UWMMHRDIDRFL IDIPDVXOEW HW QLK PLN
QHUDY@®RMWWRELRPD WDNR]YDQH GLVELR]H NRMD SRVOMHG
LPXQRVQRJ RGJRYRUD SRGOR®RRWVWN i HIQQ I WERIZI-DWA L G D QD]
YHOLNL EURM EROHVWL XNOMXpXMXiUL DOHUJLMVNH EROHYV
EROHVWL VSRYWEXRMIRP PLNURELURRIRVWL PLNURELRWH ]D OM
X SULORJ JRYRUH L pLQMHQLFH GD EDNWHULMD MX®Y M HIO X
VWDQLFD PLNUREQD N\DWDGLFAIFDMKXGVNRI RRIWSNGBD QD
HXNDULRWVNH YW/®MQMH EDNWHULMVNLK JHQD LPD RNR
EURML RNR IXQNFLRQDOQLK JHQD

SOE]LURP GD YHULQD EDNWHULMVNLK YUVWD QLMH SRJRGQL
razvojem metoda molekularne dijagnostike dolazi do velikog napretka u analizi mikrobioma.

Sekvenciranje nove generacije (eEnlext Generation SequencinlGS) L LVWUDALYDQ!
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liudskogPLNURELRPD SUHGVWDYOMDMX NOMXpQH SUHNUHWQLI
RPRIJXULOH GXEOMH UD]XPLMHYDQMH NRPSOHNVQLK LQW
organizma.1*6 MH UHYROXFLRQDUQD WHKQLND VHN}¥H#H@QeELUD QME
L SUHFL]QLMH RGUHYLYDQMH QL]D QNGS @nd Rijhk Grédnsstiti QR P L P
RGQRVX QD NODVLpPQR 6DQJHURYR VHNYHQFLUDQMH 1D]JLY]
MHU RPRJXUXMH EUJR VHNYHQFLUDQMH YHOLNRJ EURMD '19
RJURPQRP NROLPLQRP SRGBWDKEDY BPRP R BREQMMH DVYXP L M]
YHUX PRIXUQRVW RWNULYDQMD QRYLK JHQHWVNLK YDULME
YLVRNX SUHFL]QRVW X RGUHIRYD QW R IXINFO EHR RN 6P ISR VIDOH. &
V GUXJLP PHWRGDPD 1DGDOMH 1*6 RPRJIJXUXMH GXERNR VI
JHQRPD PR&H VHNYHQFLUDWL YL4H SXWD &WR SRYHUDYD S

.OMXpQH PHWR GHI OIM B p\KHINKY HR RIIHLDQ MBI U51& VKRWJIXQ

VHNYHQELBD® WHINYHQFL WBHNMH Q FIHLID MHUS5 1IGPHVEGH MH

NRULAWHQD PHWRGD ]D DQDOL]X EDNWUHIIIVVWRX NDX WELY
IXQNFLRQDOQL GLR SRGMHGLQLFH ULBRRRP IV YXD § D RENIDNJW R \
EDUHP MHGQX NRSLMX 6 U51$% JHQD GRN X HXNDULRWVN
BHNYHQFLUDQMHP RIYRH QW QIR PLRIDXWMHS ULV XWQH EDNWHUL M
UD]J]QROLNRVBKBVE]RHNXHQFLUDQMH XNOMXpXMH VHNYHQF]
X]JRUNX EH] REJLUD QD QMLKRYX SULSDGQRVW RGUHVHQL
NRPSOHWWORRIDGQEDMD X]JRUND XNOMXpXMXiuL JHQH EDNW
PLNURRUJDQL]DPD 7R MH NRULVQR ]D RWNULYDQMH QF
PLNURRUJDQL]DPD 51 % NRHINNYXH Q F L U D QIM®ID R B RXJ YXDUNKWIIHY Q R V W L
X]JRUNX 7R MH SRVHEQR NRULVQR ]D UD]XPLMHYDQMH JHQ
QMLKRYRJ XWMHFDMD QD IXQNFLMX PLNURELRWH L JGUDYC

1*6 MH WUDQVIRUPLUDR QDpLQ QD NRML JQDQVWYHQLFL SU
PDVRYQX DI@OWMNLK SRGDWDNDXNDWXHFERKWLS RAGREQRV W
YHUHJ EURMD YUVWD X XVSRUHGEL V WUDGLFLRQDOQLP PH
LVWRYUHPHQRJ VHNYHQFLUDQMD YL4H X]JRUDND &AWR UDQL
VHNYHQFLUDQMD SRSXW @GDQHHPLURNWHEBYRK®DQMDS UHG D N
RPRIJXUXMH GXEOMH UD]XPLMHYDQMH JHQHWVNH UD]J]QROLN
RUJDQL]PX 1DMSR]QDWL MM $GRINMRUNRVE L IERPER IR LOLFQR BL R P H
SURMHPW 3URRANWRMLIDSRpPHRRGIGRHVDGD MHGQR GMIQAXIH. F L
UD]JOLPLWLK PLNUREQLK YUVWD XNOMXpXMXiL EDNWHULM
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6OLMHGRB UWBMWNDZUWH NDWDORJ EDNWHULMVNLK JHQD N
PLNURELRP®3 MH LVWDNQXR NOMXpQX XORJIX PLWWRELRP
QDJODVLR PRJXiUH SRYH]DQRVWL GLVELR]H V UD]QLP EROH'
GLMDEHWHY SUHWLORVW DOMOIMHLWWEDOAPPDRIQHKEROL
PLNURELRPD XNOMXpXMXiUL PHW BEHR @ LENUHD © U FERRDVIHH N\ HVQ-
LVWDNQXR GD PLNURELRP PR&H ELWL YUOR LQGLYLGXDOD
SHUVRQDOL]JLUDQLP S U DMNUMESLFPHO MGHUILP\DW @B QRIW WD Y X PL
2YLP SURMHNWRP ]DNRUDpPLOR VH X QRYR JRWRYR SRWSX(
QH pXGL 8WR MH GDQDV YHOLNL IRNXV LVWUD&LYDpD XSUD
VWDQMD

1.2.1 Oralna mikrobiota

8VQD 4XSOMLQD SUHGVWDYOMD SRpHWDN SUREDYQRJ VXV)\
OMXGVNRJ RUNDQEIPD ][DMHGQLFD XVQH aXSOMLQH GUXJD M
RGPDK L]D FULMHYQFRIXRPYNUW®RELRFOLpLWH PLNURELRORAN]
VOX]QLFHVMHQHNDSRYUALQH ]XED PHNRJ L WYUGRJ QHSFI
HNRVXVWBYLWRP VYDND QL&D LPD UD]JOLpLW PLNUREQL VD)
YL&H RG YUVWD EDNWHULMD Y2LWXVQH EDWW DU LM$HU B
NRPSRQHQWH RUDR @H ® DM WRHE LIRGHUMIA QFE KUBMNRWHULMVNL |
SRGDWDND OMXGVNRJ RWBEPRQ RUDORELRPDE +HRBH 'DWDEL

RG NRMLKOMBEHQR LPHQRYQBRPHQRYDQRXOWL YWH PWLX
SUHRVWDOLKMH PRJXUH NXODWMNMNMMDMWEOMHQLMH EDNWHULM
NROM H)QIUPD. F X9%DHAW H U RLUWRAMHRE SFWH QRIED FWHULDL 6SLUR
)XVREDFWHURDNURRUJDQL]PL NROMLHQHDQH GMEBXDXNKQH &XSC
]ODpDMQX YMHURMDWQRVW ALUHQMD QD VXVMHIENRY HBLW
VSRVREQL VX SURL]YRGLWL YHOLNL EURM UD]OLpLWLK SH
GMHORYYDXWRWIXVRVDYRP GRPDiILQD NDNR EL RGU&DOL VWD
]JGUDYOMH RUJDINREDNRORQL]DFLMH XVQH &XSOMLQH RUD
VWYDUDMX VWDELOQH PLNUREQR/ \WDNX GRULFHMHQ ROH PXW UR E DR
UD]JOLPLWL HQGRUMEHOQIL FH | RSRYDED OLMHNRYD SX&HQMH
VWLO GRPDULQD RNROLAQL IDNWRUL NRML SULWRP XWMH
RUDOQLK PLNURRUJDQL]DPD
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60LQD LPD NOMXpQX XORJIJX X XVQRM aXSOMLQL X] EURMQF
X RGUADYDQMX KRPHRVWD]H 6ORBDDX¥YHRGNEROWMWRH QD
XNODQMDQMH PLVHWHPRRYDBOQX]RORJIX KPLMVNERMQRR MPXQRORAL
XVQH aXSOMRHWLUD ]DAWLWQL WHNXiL VORM NRML SRP]
NRORQL]DFDMRYWHGUAL UD]OLPpLWH REUDPEHQRX®UWRWRUQH
VXVVWRIMDD QH VOX]LPXFIRIOREXWLQD D QWIOBLNURERIPKD SHSV
DPLOD]H PXFLQDR GWWBRRVWRIDMWVDELOBYBMH SRIRGQR ]D
EDNWHULMVMNLKNYRE@IDVDVWDY VOLQH XNOMXpXMH PLNURR!
RUD O QWKIHD Y ® D@ O R PNHRJ D VAR PNRIRIRICEQRAVRORL VN R P2 FLMHORJ F
PLNURELRPD

'RVDGD&QMH VWXGLMH QD UD]JOLPpLWLP SRSXODFLMDPD
QDM]DVWXSOMHQLMLP EDNW HBWNR WY D UMIDNEEPRY X @ L Q/IL U
UD]JOLPLWLK JHQHWVNLK SUHKUDP BHQPKM H@HN ROLEQWD X P
PLNURELRPD PRJX VH NRULVWLWL NDR ELRPDUNHU ]D SUDu
NDULMHVD RUDGOR R GRRFHQARPDVH NDR XYLG X RSiUH JGUDY
OLNURELRWD VOLQH LBDUEORMRDAWSQIHGERYWHGVWDYQLN PL
E NRQJLVWHQWQD MH PHyX SRMHGLQFLPD L ]QDWQR PDQMH

AWR RPRJXUDYD YHUX GXELQX VHNXH®PIQMH MPRBFNBD
SUHGVWDYOMD MHIWLQ L QHLQYD]LYDQ SR\DLXA\SD N RVEOAKD
VDpXYDWL

5DYQRWHAD EDNWHULMD L GUXJLK PLNURRUJDQL]PLPD NRY
JGUDYOMH RUDIONQJHRERSIOBMPIEQLFH LPDMX YD&QX XORJIX X L
AXSOMLQH XNOMXpXMXuL NDULMHV JLGWYHSM RFBBPERG R X
YD&QD MH NRPSRQHQWDORUY RO QMH PI INWERIEK B WD BHNNNHY DQ H
EROHVWL NRMD LPD QDMYHUX LQFLGHQBLWRNRHERIRUDOQ
VSRVREQRVWL PLJUDFLMH X PLWUDOQL ]DOLVWDN ]QDpDMC«
GHQWDOQLP LQIHNFLMDPD L OR&RPD K RIBHIWHRIR B VWD BX S Q
YUOR YDADQ SDWRJHGRU XK\ QR RAXS\ONIDQ I MBD OSVYWRJIJHQ X
SDUR GRROGWPRIMILN KO R Q L$DRIIRVIPR @ $™EPDPD PRIXIQRVW SUREI
PXNR]JQH EDULMHUH L XODVMND XHWLGWEHPRNLVWUDRMWRN °
3RUSK\URPRQDWBS$RPLYDOLYRYLMD LVWUDA&RYBEMIRBRQY B YX
JLQJLYDOASDOQLP EROMHNWRPHUHFGIONREAHML PERERELDP QDYR
7 QPIRFLWD L SURXSDOBLR FMRWRNEIQMHQRVW RYRJ SDWRJI
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GLMDEHWHVD DWHURVNOHURWVNLK EROHVWL RUDOQLK N
EROHVWL

'DNOH RVLP MDVQR GRND]DQH YH]H L]JPHYyX RUDOQH PLNL
SDURGRQWLWLVD HQGRGRQWVNLK LQIHNFLMD WRQ]JLOLW
SRYH]DQRVW RUDOQH PLNURELRWH VD V- IHVGDHP RESLPUER GIH
SRYH]DQRVW RUDOQH GLVALROK) DV GEVEDEHWHWREP GLMDE
SBRUSK\URPIR@QDNVXINO@OMWXpXMH L YH®&RDS3DRWX\SRFKRHIBRMIMA O OD
IRUVI\WKLIUHPD QHGDYQRM B ROXFIOMIND V GLMDHEHWHVRP W
EROHVQLND V GLMDEHWHVRP WLS ,, LPD ZUWDCGCQX a6 QXE ISD]
SRYH]DQD MH V DWHURVNOHURWVNLP NDUBQRWODYHN $WMYQIC
VX SULVXWQRVW 3RUSRWRERYPNMDIMKDONRPHQ]DOQLK EDNWFE
DWHURVNOHURWVNRP SODNX NRMH GLUHNWQLP L LQGLUH
VWHpPpHRYV RX@WR UH]XOWLUD UD]YRMHP XSDOH

3URPMHQH X VDVWDYX RUDOQH PLNURELRWH LOGHQWGIQEEL
SULND]DOL VX QHUDYQRWHAX L VPDQMBRGHNMQ QIR MNRPAMN [RF
HULWHOXE XRH PR P 6PDQMHQD SURGXNFLMD VOLQH L QD
EDULMHUD X ERGHQRYLLNPDVV EBRIBEARPOWLUDMX S DROMBIPDPD
AWR SRVOMHGLp QW) VIRDN B U RP MU REG REPRDO HBBRIPN D VD
QDYHQH YDXVYWHSHNNR IO GRAMFLLE XON PRIV SMDINR F KIMWHRVMR/AH JQDp LWL
RUDOQH EDNWHULMH LWQRGXI RWRNWH ERM PNRIEAMIURD ALY D QM
SRND]XMX GD VH VDVWDY RUDOQRJ PLNURELRPD PLMHQMD
SRYHUDQRP SUHY DO HQWIUNKRBR RIIQ J LHIGMDMNIR LVWUDALYDQMH|
]DVWXSOMHQ R \UWR GFDHDV N B IUM B N 13KR U BHMNSRRBIEMVX G Q L FD
BRYHUDQD ]DV3R XS RWHRPRMVIBREHYXMH VH V SUHXUDQMHQL
ORALP LDWRBEGPR UH

6YH YHUL EURM VWXGLMD VXJHULUD GD SRVWRML ]QDpDMG
UD]YRMD338HGORAHQL VX EURN{QL FPHW D Q RYRBH.K R RORN M X

R U XCSDIW RJISRQ DM SRUBIK\URBRQDIWXD VIWYDUDQMX FLWUXOLQ
FLWUXOLUDQLXR 0 RWE KRR PYXQDRFEL MWW YD SDAMMHOD QD
FLWUXOLQVNH SHSWLGH ERGBWQSRMVWR SWBIVWR QRUDOQI
GLVELR]D PR&H R WHIHDRDWS URBXVQRVW BSNVRH BB LMXRXRRRY
WYDULPD NRMH VH REVRQELYWDVEL WAOHOMD XM XL L FLWUX
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LPXQ@RGJIJRYRU L XSDOX &WR VX NOMXDQL pIZPERHBL X
SURPLMHQMHQ VDVWDY PLNURELRWH X XVQRM &XSOMLQL
LPXQ@&GJRYRU

5D]YRM PHWDJHQRPLNH L PPINWDBEHRORARMANIIN SUXALR MH
UD]XPLMHYDQMH PLNURELRWH XVQH &XSOMLQH 6YH MH Y}t

XQXWDUQML L YDQMVNL pLPEHCRNID K PWRNX 13 R |SREIBIRYQALG L V |
L VLVWERUNVWL

1.2.2 Crijevna mikrobiota

&ULMHYQD PLNURELRWD SUHGVWDY O ML NQDRVRYUHDLQ L] @M WP
VYLP QLaAaDPD OMXGVNRJ WLMHOD &ULMHYQL PLNURELRP MF
YUVWD NRMH WYRUH VOREH®QHK RNRORSBNWIDMHERIARD X XV

ljudskim genomom&2).

=ERJ L]QLPQR YDaQH XORJX X RGUADYDQMX ]J]GUDYOMD OM
RGQHGDYQR MH NODVLILF8&82 M@ yNXD& DMV DADQ MidrijeRidg @ QF L M D
mikrobomD LVWLVpOGMHORYDQMH X SUREDYL KUDQH L PHWDER
LOQWHJULWHWD FULMHYQRJ HSLWHOD VLQWH]XaoYLWDPLQI
PRGXODFLMD L R G UraihysBagsMstaviiaR)Y DHRMLBXHFULMHYQH PLNURI
bakterije iz koljenaFirmicutesi Bacteroidetes NR M H V D jokdQa@DukipiveXcrijevne

mikrobiote. U koljeno Firmicutes spadaju rodovi Clostridium Eubacterium Roseburia
Ruminococcus dr., dok BacteroidetesL]PHYy X RWWD®RXp X MBactéidrdesr Y H
Prevotella 60OMHGHUD SR ] kvj@haFBaiebbiadkRavAstinobasteria(83).

&ULMHYQL PLNURELRP PRA&H Y QUDPLW L UJERFDIQINDIN VB R WH GSLRH!
porod ili porod carskim rezomylobi, RN R O L & Q L K, ypbrBlE Ije&old\ kbnzumiranja
DONRKRGDsl. 3 R&EHDOWH FULMHYQL PLNURELRP YDULUD X UD]
probavnog sustava. Na primjer, bakterije iz koljPnateobacterigpoputEnterobacteriacege

nalaze se u tankom crijevu, ali ne i u debelom crije84), (dok su bakterije iz koljena
BacteriodetegpoputBacteroidaceae, PrevotellaceaRikenellaceagzastupljenije u debelom

crijevu. TakveYDULMDFLMH SRV OMHGL F b j¥sKo@dn@DaRkondtijgylD ]OLp L W
SURWRN MH EU] D NRQFHQWUDFLMD axXxpL YLVRND ]D UD]OL
VSRULMH L S+ YULMHG QR WebelonEd@jeva¥H B D WW X3 OMHQRV W |

18



Jv ] U ] @& i

zajednica, posebno anaerobnihvri&a ( &ULMHYQL PLNURELRPTAkD$&RYHU YL
UD]QROLNRVW PLNURELRWH BRXY KIMHWL XMYWER EORIGUDV O F
u starijoj dobi (u starijih od 70 godina3®). U dobi od 3 godine, mikrobiota djece postaje

V O Lnjuk@abioti odraslih, s tri dominantna koljenairmicutes, BacteroidetasActinobacteria

(87). U mikrobicti VWDULMLK OMXGL pHVWR Bidébaé¢ter@ s FaQWD [DV W X
zastupljenostbakterija iz porodic&Clostridium i Proteobacteria88). Raznolikost crijevnog
PLNURELRPD XYHOLNH RYLVL R UD]JOLpLWLPgenfetsREHQLFLF
SUHGLVSR]JLFLMX QDpLQ AaLYRWD GRPDULQD GRE L RNROL
MHGQLP RG NOMXpQLK IDNWRUD X BHHIXOLUDQMX FULMHYQF

yLQ MHQLF D 8% stdrtitaimunosnogsustava nalazi u crijevimalRYRUL R YDAaQRYV
interakcije crijevnog mikrobiomaimunosnogsustava 40). Pravilno sazrijevanj@nunosnog

sustava neophodno zasprM H p D abDdpnddldn imuncsnihodgovoa koji mogu uzrokovati
NURQLPQX XSDOIX dijeR irgtola pridonosmodulaciji i sazrijevanju
imunosnogsustavaW H L Q G X F L WnDndtol& @htija(8ey. D

3UL VDJOHGDYDQMX SRYH]QLFH L]PHYyX FULMHYQRJ PLNURE
X YLGX RVOQRYQD RELOMHAMD IVRXXOWROWQ RD WX REVEID\WAR HR FBCRURL
imunosti 3 U L UiRgrdpilV XVWDY SUXaD QHVSHFLILPpQX JDAWLWX S>
PHKDQL]DPD XNOMXpXMXUuL ILJLPNX EDULMHUX SRSXW VOX
AMP-ate obrambene stanip@putgranulocig, makrofagi stani@aprirodnh ubojica, tzv. NK

stanica(end. natural killer cells NK) (93). AMP imgu protwpalno ibaktericidno djelovanje

aOXpH VWDQLFH FBRMHGQRI RENWRRDIDQL]PL XAMRHPX QD ¢
a VWRJD MH VDVWDY FULMHYQH PLN U RiBWEsWH).YZUDDIR HDA D Q
$03 LJUDMX YDaQX REUDPEHQX XORJX X HOLPLQDFLML SDW

6 W H pridi@snisustav X NO M X WOMDH. p Q X L P X Q R VifoHimy td iU i Q X 7

imunost posredovanu antitijelima koptvaraju BILPIRFLWL 6 W D thuoshoy WHpPpHQ |
sustava, Ti BOLPIRFLWL SUHSR]QDMX L UHDJLUDMKoc@D VSHFL
SUHSR]QDMX DQWLJHQH NRML VX XaOL X VWDQLFH GRPDULC
B limfocita koji O XjwptuWLMHOD L SURWHLQH NRML SUHSR]QDMX V¢
QDMUD]JUDYHQLML PHKDQL]DP GrvaHhamRrudpdisiavRedudml YQRJ PL
limfocita (90,91 1HGDYQD LVWUDALYDQMD VX SRND]DOD GD PLNL
UHJXOLUD NUHWDQMH L XORJX QHXWU Rimfodita XV DX &/ IVpH. p\HH
podtipove T SRPRUQLpNLK DB VWPQMADD VH GD FULMHYQL PL
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potaknuti diferencijaciju CD4+ Timfocita u Thl, Th2Th17 i reguatorneT limfocite (Treg)

(95,96). Ovisno o vrstama bakterija, difereradjja CD4+T OLPIRFLWD J]QDpDMQR Y|
GRYRGL GR GLIHUHQFLMDFLWVHRE IMIDOL lQDWNQBRQRW L SFRNMARE
(90).

9DAQX XORJX X RGUADY x@evaxL B P XX RNVUFDONHNURDARDFQ MIHQH PDV QI
shortchain fatty acidsSCFA) WR MHVW PDVQH NLVHOLQH NRMH X VYRMF
ugljikovih atoma.Navedene masne kiselinB HW D E su@uro¢huktL bakterija koji nastaju
razgradnjom nerazgradivih prehrambenih vlakanarijevimg SRSXW UH]JLVWHQWQRJ
topivih vlakana, fruktooligosaharida te galaktooligosaharidNajzastupljenije SCFA u

crijevima su butirat, propionat i acteté6.&)$ LPDMX YUOR YDaQX XORJX X R|
FULMHYD ]QDpDMDQ VX L]YRU HQ HditdinMSHR G A\ADW D @I XKL G ME
funkciju, pridonoseo p X Y DiQddreta crijevne sluznice, djeluju kao antioksidansi, imaju
sposobnost smanjenja upale u crijevima, mogu utjecati na regulaciju apetita i kontrolu tjelesne
PDVH WH LPDMX XORJX X RGUADYDQMX RSWLPDOQRJ S+ RNF
i aktivnost crijevnih bakterijg97). No, MHGQD RG QDMYDAQLMLK IXQNFLMI
ljudskog zdravlja je sudjelovanje u moduladjijevnog imunosnogV XVWDYD L RGUADY
UDYQRWHAH L]PHYX SURWX>SPDWQYILK UHXGD GRIMINEBEOR FJHDWID R
sustava interakcijomi S UL bRy H ¢ D ofminkifmbti(®8-101).

SURPMHQH VDVWDYD PLNURELRWH P RdJd jstEzh VWatvoMoDIdsR QD pD
Disbioza je karakterizirana promjenama u sastavu i funkciji mikrokvekomjerna uporaba
DQWLELRWLND ORA&D KLJLMHQD SUHKUDQD NDUDNWHUL]JLU
PDVWL L A4HOUHUD VMHGLODpPNL QDpLQ ALYRWD ERUDYDN X
WRNVLQL PRIJIX SRUHPHWLWQLKXUEDR®@& X LMD/ @ W ROHBEHX QWM Ui
Promjene u sastavu i funkciji crijevnog mikrobians RYH]XMX VH V YHOLNLP EURI
bolest, XNOMXpXMXiL JDVWURLQWHVWLQDOQH XSDOQH ER!
autoimune te maligne boles§154,82,83,9)

OHOLNL EURM LVWUDALYDQMD XSXUXMH QD VQDAaQX XORJX G
EROHVWL FULMHYD .RG EROHVQLND VD XSDOQLP EROHVW
komenzalnih bakterijaFirmicutes, Actinobacteriai Bacteroides X] SRYHUDQX EURMC
patogenih bakterija iz koljerraroteobacterig51). Nadalje, u bolesnikaRA-om smanjena je

UDJ]QROLNRVW FULMHYQH PLNURELRW HprdauyeRmallRsertnuL UD V D
tih bolesnikaU mikrobioti bolesnikas RAom ][ DELOMHAHQD MH YHUD ]DVWXSO|
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rodaPrevotellg dok jeFusobacteriumV Q L 468Q04 5D]QD LVWUDALYDQMD SRY'
crijevnog mikrobioma s dijabetesomaip(52,102). U mikrobiomu tih bolesnika detektiran je

YHUL EURM E D Badtdiddésid Bmarjjeb) iRdphakterija koje stvar§CFANDR aWR MH
Faecalibacterium prausnitz(2,102. Nadalje smanjenaastupljenosbakterija koje stvaraju

SCFA u crijevima dovodi se u vezu s razvojem hipertensi@. (/DNRYHWMHVYHUL EURM
LVWUDALYDQMD NRMD VXJHULUDMX GD GLVELR]D LOL SDN

igraju ulogu i u razvoju malignih bolesfipnajprijegastrointestinalnih karcinomaQ3).

3RVOMHGQMLK JRGLQD SRV WazliQijanjidrievhe Dikrbbide Ger@ D SUH G D
XORJH X RGHRMDHYOWOWX]H X] LVWRYUHPHQR LVWUDALYDQMHI
UD]OLpLW LAGaliEeR@ikiobidte. QH VDPR GD VX UDVYLMHWOLOH V
PLNURRUJDQL]DPD V OMXGVNLP RUJDQL]PRP YHi VX L LGHC
SRVOX&LWL NDR WHPHOM ]D UD]YRM VSHFLILPQLK GLMDJQR
TakvD LVWUDALYDQMD RWYDUDMX YUDWD QRYLP VD]QDQML!
EROHVWLPD SUXADMXiL SHUVSHNWLY X ]Dat®iDiov®&iwhihS HU VR Q

terapija.

1.233RYH]DQRVW PLNURELRWH L NUR®R FQ B DASRWOQH D RRI] XD M/H

8 SRVOMHGQMH YULMHPH VYH YLdH LVWUDALYDQMD DQDO|
NRG EROHVQLND V XSDOQL Ppiurijade) alergiisRObidieswilaRridid) S R S X W

7DNRpdjedinaVX LVWUDALYDQMD DQDOL]JLUDOD FULMHAHYQL PLI
(107-113). 6YD QDYHGHQD LVWUDALYDQMD NDUDNWHUL]JLUD X
ispitanika OHULQD VWXGLMD NRULVWLOD MH VHNYHQFLUDQMH J
JODYQX PHWRGX DQDOL]H GRN MH MHGQD VWXY¥GuUMD SUL!
stvarnom vremenu (engl. real tirppelymerase chain reactiogPCR) |D GHWHNFLMX VSHFI
bakterijskih vrsta (109). lakoavedendc VW UDALYDQMD VXJHULUDMX SURPMH (
crijevnog mikrobioma terazlike u zastupljenostt RGUHYHQLK EDNWHULMD l

nekonzistentni

S obzirom da je KSU dominantno autoimuna bolest, smatra se da bi promjene u crijevnoj
PLNURELRWL PRJOH GRSULQLMHWL J#aptowjareu trife¥r@R W R O H U |
mikrobiomu XWMHpX QD JXE LWMHYHM) The, JhR Wditakidai supresiji Treg

limfocta WH QD WDM QDpLQ SULGRQRVKBEUERIIYMR MXN ¥ B B DD & MSHD
RYRP SR @GkazamheXna dosad neprepoznatu ulogu proupalnih THikdfocita i
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QHUDYQRRHY X Q M lirkfotita7 U sedumu bolesnika s KSRP QDYHQH VX VQLa
vrijednosti TreglimfocitD L SRYLAHQH -YULNWRMGHQIRRWE XAWDMX 7K oL
1DGDOMH $WZD L VXUDGQLFL XND]DOL VX GD1ISR-23iaHQL SU
TNF-. LJUDMX YDAQX XOREXIE).SBWRIBQH]JUDPBQH RYLK FLWR
VX V WHALP VLYABMRRPsHEEYDOGRWL 7DNRYBOQRAVHAUBELMVND
KSU-i SRWYUWH XDPLOQNRYLWRAUXXLQEUNMIEHWRYDQMX GHJUDQXOI
(115). Smanjen broJreg limfocitau krvi bolesnika s KStbm sugerira da nedostatak kontrole
nadimunosnim RGJRYRULPD PR&H GRSULQILMHWL OHYXYWMX XMRYED
mehanizmi oviimunosnih|ELYDQMD GR VDGD QLVX UDJMDaQMHQL

/ILX L VXUDGQLFL X VYRP VX LVWUDALYDQMX SRND]DOL VQ
ispitivane skupine) kod bolesnika s K&lth u usporedbis |GUDYLP LVSLWDQLFLPD
]QDpDMQUD IMRALNRVW L]JPHYX LVSLWLYDQLK VNXSLQD EHW
zastupljenost bakterij&irmicuteV ELOD M idokvsQRugdbareriaecELOH UHODWLYQR
zastupljene u odnosu na kontrolnu skupibid). 6QLAHQX ]DV W X SFdiiddt®@s’a VW NR O
bolesnika s KSkbm prikaza je i Wang, koji je W D N Rgnitifidirao L V Q Lraad@)ikést
PLNURELRPD PHyX BBROWXQRFEPD LVWUDALYDQMH SRND]DC
zastupljenost koljendrirmicutes u bolesnika s KSkbm, u odnosu na zdrave ispitanike
OHYXWLP WR iij¥ pokaablsmanigmv Faznolikastutar skupindolesnika dok je

LIPHYyX GYLMH LVSL Wdn&rani@kkost N ¥aStavinKroBi&hia [ofta raznolikost)

(112. /X L VXUDGQLFL SULND]DOL VX ]QDpDMQR VQLaHQX
Bacteroidetess  EROHVQLND V NUR QdbbspiRiRer§fedAMdljdhB\ttihdbdR teriai
Proteobacteriabile brojnije u skupini bolesnika u odnosu na zdrave kontrd&) (17 DN Ry H U
=KDQJ L VXUDGQLFL XND]DOL VX QD ]RdipiaMegia byléestika DV W X S
s KSUom (10 ,VWUDALYDQMH QLM HazhMikdStH pMshikbBEBWMP D QM HQ
GRN VX UD]JOLNH X EHWD UD]G KR&8ULIoMR Ydhalih lispRatitaX biEROHV QL
]OQDpDMQH :DQJ L VXUDGQLFL X VYRP VX LVWUDALYDQMX GF
Ruminococcasa smanjenim brojem i funkcijoiireg limfocitg a W R X Sa&sinaned broj
VSHFLILPQLK EDNWHULMD X FULMH Ynhféca iPtihé hbridoridjediX A LW L |
razvoju KSUe (108). Liu i suradnici WD N RgisvaémE¥WUDALYDQMX SULND]DOL VQ
zastupljenost bakterija iz porodiceRuminococceae X N O M X Butyicoccus i
Faecalibacteriumdok suEnterobacteriaceag) Dy FKQHHUHP EURMX X BROHVQLND
odnosu na zdrave kontrolel(). Isto tako, QDAOL VX ]QDpDMQR VQLAHAQX ]DVW.

roda Ruminococcusi Subdoligranulum koje prazvode SCFA (11). Smanjen broj

22



Jv ] U ] @& i

RuminococcuUE DNWHULMD X VYRP VX LVWUDALYDRDD MREDG N B QML
LVWUDALYDQMD SRND]XMX G Dlinsféc)td, KejRpaKspptimicajQ doalhé X 7 U H J
odgovore posredovane Th1/Th2/Th1l7 limfocitin®8-(01). Stoga, autori sugeriraju da je u
EROHVQLND VD VPDQMH QR Pkdj® paizxo8eSCFA Qdrabiljeixa fmkdijav H UL M D
Treglimfocita d@WR PRA&H SRMDpDWL DNLY piougdlXh titokinAVgdp@ L FD L \
IL-4, koji zajedno roupalnim citokinimalL-5 i IL- SRWLpX W prowdipl@ M H
aktivaciju mastocit§108,11).

SUHPD QDAaLP VD]QDQMLPD L SUHPD SRGDFLPDzvG\RM¥HXSQLP
analize salivaramikrobiote kod bolesnikas KSvm 8 QD&HP SUHOLPLQDUQRP LV
10 bolesnika s KStdm i 13 zdravih ispitanikanetodom terminalnog poliU IL]PD GXaLQH
restrikcijskin fragmenata(engl. Terminal Restriction Fragment Length Polymorphism

TRLFP§) QDYHQD MH VPDQMHQD UD]J]QROLNRVW VDOinwWDUQH PL
usporedbi sa zdravim ispitanicimal@). No, radi se ananjepreciznojmetod u odnosu na

NGS, koja se temelji na sekvenciranju DNA koja je prethodno fragmentirana restrikcijskim

enzimima.

8YLGRP X LVWUDALYDQMD R SRYH]J]DQRVWL RUDOQH PLNL
LVWUDaALY D& BUD neoRZA6R(DeO podatke o raznolikosti oralne mikrobiote i
]IDVWXSOMHQRVWL EDNWHULMD X NBadkiideted, X BitmiceEt&N W H U L N
Proteobacteria, Fuscobacteriaatim iz rodaPorphyromonasFusobacteriumHemophilus,

Neisseriae, Capnocytophaga, Actinobacteria, Streptococcus, Lactobacill(46450,71-79).

'‘DNOH XQDWR)p UD]@Grwlikest PastuRlerostilp&dalirih bakterija, neosporna

MH pLOQMHQLFD R SRYH]DQRVWL GLVELRNMNHPRMWMDREQR PICH \E X
LVWUDALY D Q Mbjedit@ibakianigke rédove iwrstel QMLKRYH PHWDEROLpPN
NDR YD&QH pLPEHQLNH X HWLRSDWRJHQH]L RaelbkagneiQ LK ERC
raznolikost mikrobiote tLPH 0UH VH GRGDWQR QDJODVLWL VSHFLILpQF

razvojupojedinih bolesti.
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2.1 Svrha

8WYUGLWL UD]JOLNH X VDVWDYX VDOLYDUBUonFULMHY C

i zdravih ispitanika.

2.2 Hipoteze
1. 6DVWDY VDOLYDUQH PLNURELRWH UD}IL N«dsh VH L]P
kontrola.
2. 6DVWDY FULMHYQH PLNURBlERWAKE KSWDMNOD dbMivkantkold. L1PHY X

2.3 Ciljevi
1. RGUHYyLYDQMH VDVWDYD VDOLYDUQH L FULMHYQH PLNU
2. XVSRUHGED VvDVWDYD VDOLYDUQH L FULIKSWNMAH PLNUF
zdravihispitanika
3. ispitivanje povezanosti sastava salivarne i crijevne mikrobidtelesnika s KStbm i

u zdravih ispitanika
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,VWUDALY D QM ehsEdonir&) pidvedkqoJeu razdoblju od listopada 2020. godine do
RaXMND JRGLOMNRAMHOIL YBIRPMH EROHVWL .%& 6HVWUL
5XyHU %R&NRYLUO WH +UYDWVNRP YHWHULQDUVNRP LQVW
povjerenstva KBG Sestre milosfQLFH WH RG VWUDQH (WLpNRJ SRYMH
IDNXOWHWD 6YHXpLOLAWD X =DJUHEX

3.1 Ispitanici

,VWUDALYDQMH MH XNOMXpLOR -omV 33 xIrBvQ IspitBnika. SEIRO HV Q
VXGLRQLFL SRWSLVDOL VX LQIRUPLUDQL SULVWDQDN ]D V
GHWDOMQR REMDAQMHQD VYUKD L -8Qdstavijea/ W Prerad YDQMD
($$&, *$8/(1 (') :$2 VPMHUQLFDPD NURQLpPQD XUWLNDULMD |
EH] LGHQWLILFLUDQRJ XJURND 7TDNRYyHU VYL LVSLWD
SUHJOHGDQL RG VWUDQH QDGOHAQRJ GROMBRbEGNERS Q W D O C
bolesti, oralnih infekcija i drugih upalnih procesa, oralnih ulkusa i karcinoma. Ispitanici s

RGUHYHQLP VWDQMLPD NRMD EL PRJOD XWMHFDWL QD VDV\
VX L] GDOMQMHJ LVWUDALYDQMD ikaghhiwWuHITatMce. XNOMXpHQMD

Tablica2. . ULWHULML XNOMXpHQMD L LVNOMXpHQMD ]D VXGMHC

KULWHULML XNON KULWHULML LVNOMXpHQM

T ispitanici u dobi iznad 18 godina LVSLWDQLFL PODYL RG JRGLQD

T bolesnici s dijagnosticiranom VXGLRQLFH V SRWYUYHQRP WUXGQR
NURQLpPpQRP VSRQWD
po EAACI/GA LEN/EDF/WAO

smjernicama

¥

t potpisan informirani pristanak F LVSLWDQLFL NRML SX&aH L YLAH FL
¥
¥

bolesnici s Chronovom bolesti, ulceroznim kolitisom,
sindromom iritabilnog kolona

1 ispitanici koji tijekom prethodna 3 bolesnici s dijabetesom tip 1'i 1l i pretili ispitanici
mjeseca nisu bili na terapiji bolesnici s parodontitisom
antibioticima

¢+ LVSLWDOLEL NRML S EROHVQLFL V NURQLpPQRP EXEUHAQH

cigareta dnevno bolesnici s malignim bolestima
bolesnici s drugim autoimunim bolestima

EROHVQLFL V WHALP SVLKLMDWULM

H + +H+ +H+ +H+ +H+

LVSLWDQLFL NRML VX NRQ]JXPLUDOL
probiotika u prethodnih mjesec dana
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SR XNOMXpHQMX X LVWUDALYDQMH EROHVQLFL VX GHWDON
dermatovenerologa alergologa. Potom sium dodijeljena dva upitnikaza koje su dobili

detaljne upute o ispunjavanju: 1) UAS7 upitnik za procjenu aktivnosti bolesti (mjerni
LQVWUXPHQW NRML SUDWL EURM XUWLND R @RYEHL]LWHW
Q20L XSLWQLN ]D SURFMHQX NYDOLWHWH aLYRSY BatthROHV QLN I
uslijedilo uzimanje uzoraka.

3.2 Uzimanje uzoraka sline

Svi ispitanici dobili su pisane i usmene upute o pravilnom sakupljanju uzoraka sline. Ispitanici

su zamoljeni da dva sata prije sakupljanja sline ne konzumiraju hranu te da pri sakupljanju
VOLMHGH XS X WideSijalRdgdetaraysBlupljanje slinfOMNIgene ORAL OM501,

DNA Genotek, Ottawa, Kanada). Slina s&upljala u S O D Vapruye®@ H dodatkom pufera,

SUL pHPX SURL]JYRYDp MDPpL RpXYDQMH VDVWDYBIkRLNUREL!
4). Epruvete sa prikupljenom slinom pohranjivale ¥tH X ]D P U-BD Y@ JolX izolacije

DNA.

Slika 4. Komercijalni set za sakupljanje sline

3.3 Uzimanje uzoraka fecesa

Svi ispitanici dobili su uput®e pravilnom sakupljanju uzoraka fecesa. Uzorci su prikupljeni
NRG NXUH ,VSLWDQLFL VX |[DPROMHQL Kemerdij@hogset&zdd GHWD C
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sakupljanje fecesaL aSDWXORP SUHQHVX SRWUHEQX NROLpPQX IH
(OMNIgene GUT OM200, DNA Genotek, Ottawa, Kanadélika5). PURL]YRyDp MDPpl
RpXYDQ VDVW b¥z RWNHFDIMRIWEA D N R O L phaGobrio@dmperadrd L W H W X
do 60 dana nakon uzorkovanja. Uzorci su nakon uzimanja pohranjeni u hladnjak@{€)C

D SRWRP VX XQXWDU GDQD GRVWDYOMHQL @Best®LQLNX
milosrdniceWH SRKUD QM H G8D °K) d®iPdaticYDNA.

Slika 5. Komercijalni set za sakupljanje fecesa

3.4 Uzimanje uzoraka krvi

Kod bolesnika su uzeti uzorci krvi te su u Biokemijskom laboratoriju kEg2stre milosrdnice
DQDOL]JLUDQL VOGRRPGIEKKS DK FSHANGTPO, antiTg, ukupni IgE,
vitamin D, ANA.

3.5 lzolacija DNA

,JRODFLMD '1$ L] YUGAHQDR@HNXGDYQEXEIRORJLMX ,QVWLW.:
Mikrobna DNA iz fecesa i sline izolirana jeN R U L \Kakhercijalni set za izolaciju DNA
ZymoBIOMICS DNA Miniprep 4300 (Zymo Research, Irvine, Kalifornija, SAD)
Komercijalni set VH VDVWRML RG UHDJHQVD NRML VX SDaOMLYF
(SUXabDMXuL JDAWLWX QXNOHLQVNLP N M/HH GRIODINFED YQIDMOR Q | B
'1$ L] VOLQH L VWROLFH 3UHPD XSXWDPD SURL]YRYDpPD
ZymoBIOMICS Lysis Solution stavlienoje8 ODV WL p QH RZRBashidi@Bend Yysisv H

Tubes) i KRPRIJHQL]JLUDQR XUHYyD MIeIP DisiuptéW ITher@o Edectron
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Corporation, Milford, Massachusett§ $' GYDSXW SR V V SDX]RP RG V L
4. Nakon homogenizacijiePLNURHSUXYHWH VX FHQWULIXJLUDQH PLQ
400 pl supernataatSUHEDpPHQR QD N R OR Q-ZPINDIFE Bt UKojd BeQdladi =\P R
u mikroepruvati za skupljanje uzoraka (Collection Tukeja je zatim centrifugirana 1 min na
8000 xg..RORQD ]D ILOWULUDQMH MH ED pddj® roria jXdédamdU RH S U .
1200 pl pufera za vezanje DNA (Zymo Biomi&NA Binding Buffer) i potom dobro
SURPLMHADQR —0O PMHADYLQH SUHEDpPpHQ$HINMIBRX NROR
Column) koja se nalazi u mikroepruveti agpljanje uzorka i centrifugirano 1 min na 10 000
[ J 1DNRQ FHQWULIXJLUDDQ MDR OIRGMW U POV GM IR p MBHpBYQ D U H Q|
mikroepruvetu za sakupljanje uzorka te je cijeli postupak ponovljen s preostalih 800 ul
PMHADYLQH SULNXSOMHQ HNakdn Sehtdifigkare QL RORV BIRW DMK EDpHC
NRORQX ]D SURpLAUDYDQMH GRGDQR MH1 (ZymeBIOMIRSHUD ]D
DNA Wash Buffer 1). Kolona je centrifugirana 1 minna 10 000Q® NRQ pHJD MH ILOWU
a na kolonu je dodano 70 SXIHUD ]D S UR pLA@PMOBIQNMCES DNS Wash
Buffer2). . RORQD MH FHQWULIXJLUDQD PLQ QD [ J QDNRQ
MH GRGDQR QRYLK — O SXIRZMIBIOHICR pNA tiMashBGifstH '1$
2) te je kolona ponovno centrifugirana 1 min nd @00 x g. Nakon togakolona za
SURpLAUDYDQMH '1$ SUHEDpPpHQD MH X pLVWX SODVWLpPpQX PI
vode bez DNaza i RNaza (ZymoBIOMICS DNase/RNase Free Water). Kolona je
FHQWULIXJLUDQD PLQ QD [ J &QoiopljBrapizplahd) DMA NRORQ
RGUHYHQD MH pLVWRIPDP Rip&kRapiom&Qrav NabdPhdidineter N50/N60
,PSOHQ 0°+QFKHQQ DINVRHP pdhtbBeMaia20°& GR GDOMQMHJ NRULA\

Prije pripreme biblioteke zaekvenciranje dijelova gena koji kodiraju za bakterijsku 16S

rRNA, potrebno jeprecizn oRGUHGLWL NRQFHQWUDFLMX kbR @riieUDQH "1
postupksamogVHNYHQFLUDQMD EXGXiL GD MH RSWLPDOQD NROL
bibliotekazaVHN Y HQ F L U D Q M HijiMpgaiGre@ardzG pdQizapjb kit dtetnih rezultata.
Koncentracija DNA mjerena je reparatu Qubit 4 Fluorometer(Thermo Fisher Scientific,

Waltham, Massachusetts, SAINRULVWH UL N RBbit UFdsPDINAGQH Senisivty

(HS) Assay Kit (Thermo Fisher ScientifickD SODVWLPQRM SORpLFL V MD &
radne otopine uzorakdNA R G QJ —O0 aWR VOXAaL ]D SULSUHPX ELEC
-DALFH V '1$ NRQFHQWUDFLMRP RG QJ —O NRULAWHQH VX
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3.6 Sekvenciranje nove generacije

Sekvenciranje nove generacije (NGS) provedeno je u Hrvatskom veterinarskom institutu.
Bakterijska DNA iz uzoraka fecesa i sline analizirana je sekvenciranjem gena za 16S rRNA na
llumina MiSe X UHYyDMX SUL pHPX MH NRULaAWHQ NRPHUFLMDOQL
(llumina, San Diego, Kalifornija, SAD).

Prvi korak predstavljgpriprema biblioteka 16S rRNA. =D X P Q D & V@ waijaldinih
UHJLMD JHQD 6 U51% NRULAWHQD MH O poQip®@a3dchdinl DNFL M
reaction,PCR) SRPRUX SRpHWQ L.dsin tNj&dva-kofpde pveliphju s regijom V3
V4, VDGUAH L GLMHORYH NRPSDWLELOQH V ,OO0XPLQD LQGH
RPRIXUXMH VHNYHQFLUDQMD V RED NUDMD D GRELYHQL SU
3&5 XPQDADQMH SURYHGHQR MH SRPRUReRIRMiKpIier&L L .$3$
(Kapa Biosystems Inc.Wilmington, Massachusetts, SAD 8 VYDNX MDAaLFX 3&5
otpipetirano je 12,5 ul KAPA HiFl HotStart Ready Mix polimeraze te dodano 5 pl svake
SRpPHWQLFH 3RWRP MH X MDALFH GRGDQR —O L]ROLUDQ
—O VWHULOQH XOWiigsebor{/ WH P R EGMD 4 LQHHIW LY QD NRQWU
R]IQDpHQX 7( GRGDQR 8 mM-FBCIY pH-8/5)3nebktivria kontrola 2). U
MDALFH R]QDpHQH 02&. L 02&5 ul peathdie ShtiMéZyhdRICMIZ S
Microbial Community DNA Standar@Zymo Research, Irvine, Kalifornija, SADPotom je
SORpD SUHNULYHQD IROLMRP L QDNRQ FHQWULIXJLUDQMEL
%DVLF %LRPHWUD QDNRQ pHJD VOLMHGH FLNOXVL SR SUR
ciklusa po protokolu: 95°C, 30 s; 55°C, 30s; 72°C, 30 s, potom 3) BRAGnuta, zatim 4)
]JDGUADYDQMH QD f& =D SURYMHUX GRELYHQLK SURGXNDW
uzorkepRPLMHaDQR MH VD —O ERMH ]D QDQR&AHQMH X]J]RUDND
DIJDURI]H PLQ QD 9 3RG 89 VYMHWORP WUDQVLOXPLQD'

koja je iznosila oko 500 parova baza.

Nakon toga slijedi SURpLAUDYDQMH XPQRABAEKSOSBRID XWDDPIS OLNF
FHQWULIXJLUDQD MH PLQ QD %-WQL BRMRR M H%SI}RURHLMIDE
NGSPREP30XV PDJQHWQLK NXJOLFD ODJWLYQR 1L]JR]JHPVND L]
3RPRUX PXOWLNDQDOQH SLSHWH — O NXJOLFD GRGDQR \
QMHAQR SRPLMHADQR SLSHWLUDQMHP QDNRQitjekdd VOLMH

PLOQXWD 3RWRP VH SORpD VWDYOMDQQ 35 PHH QE RWRQ W WIBIC
a dodano je 200 pl 8- WQRJ HWDQROD WH MH SRVWXSDN MR& MHGQ
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MDALFX GRGDQR —O 7ULV SXIHUD SXWD QMHAQR SURT
na sobnoj temperaturi. Nakon togpMIHGLOR MH SUHEDFLYDQMH — O VDC
QRYX 3&5 SORDpPX

8 VOMHGHUHP NRUDNX QD SURpLAUHQH DPSOLNRQH GRGDNMW
UH]XOWLUD VWYDUDQMHP ELEOLRWHND ,] SORpH V SURD
SLSHWRP SUHEDPHQR MH —O VDGUADMD L] VXabhst MDALFF
GRGDQH SIR p13 W ptom & multikanalnom pipetom dodano 10 pl vode i 25 pl Kapa

+L)L '1$ SROLPHUD]JH X VYDNX MDAaLFX WH SURPLMHADQR
IROLMRP L XVOLMHGLOL VX FLNOX\bB °K, 3thih 2P RdklusadpQ LN X SF
SURWRNROX f& Y, f& Y, f& Y, f& PLQ ]

SRWRP VOLMNGQMHRPALG@RAHQLK SURGXNDWD &MHORNXSQL
SURpLAUHQ SR SURWRNOX NDNR MH UDQLMH RSLVDQR D NF
pl. Dobiveni produkti provjereni su PCR reakcijoragelu agaroze (istim protokolom kako je

RSLVDQR UDQLMH X RYRP NRUDNX YHOLpLQD IUDJPHQWD ©M

Koncentracije biblioteka PMHUHQH VX NRULAWHQMHP 4XELW GV'1$ +6
QD 4XELW XUHyDMX 7KHUPR )LVKHU 6FLHQétimjeF :DOW
VYDND ELEOLRWHND UDJULMHYHQD V 7ULV SXIHURP QD PO
5ul (engl.aligquot L SRPLMHADQR X ]DMHGQLpPNX padadlilBatypLUDQX E

=DGQML NRUDN SULMH SRILHW O RV HUNDY HPRliffL BTG M H
GHQDWXULUDQD MH VD VYMH3H SULSUHPOMHQLP 1 1D2+ "
SLNRPRODUQD ELEOLRWHND PLMHAaDQMHP —O SULSUDYC
postupak napravljen je s pripremljenim PhiX Contv8l (kontrolna biblioteka, unutarnja

kontrola sekvenciranja) (lllumina, San Diego, Kalifornija, SAD). Prisutnost PhiX Control v3
RPRIXUXMH SUDUHQMH NYDOLWHW R IVNHENYYWHH@QO- IEWE Q MW 8 NNIR
s PhiX Control v3 te je u finalnoj biblioteci bilo %@Phix Control v3. Kombinirana biblioteka
LOQNXELUDQD MH QD f& PLQ 1DNRQ LQNXEDFLMH VDGUATL
X SRVXGX V OHGRP PLQ 3RWRP MH FMHORNXSDQ VDGUAD
reagensagngl. reagent cartridge QD NRMHPX SRVWRML SRVHEQD SRJLFL
6DPSOH D VSUHPQLN MH SRVWDYOMHQ X OL6HT XUHYDM
kalibriran kako bi se o06sJXUDOD SUHFL]QRVW L WRPQRVW UH]XOWD
provedena upotrebom kompleta MiSeq Reagent Kit v3.
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37 %LRLQIRUPDWLpPpND DQDOL]D

Za analizurezultat sekvenciranjagjena z&al6S rRNA N R U L 4 VEH R DQNVR# pRtIba p N

QIIME 2 (119. Alfa raznolikost(kompozicijska raznolikost unutar svakog uzorlkaN O M X p X M X U L
ERJDWVWYR) landliZradh® R W HSSXP R U X razi@kkaésiN €Hao 1, Evenness

Shanne. =D RGUHYLYDQMH EHMWPQRO®]QRYWN RYRMR{M I RUDND
Jaccardoa udaljenost L. QHRWHAaDQD 80Owdighixd Urkfr@eli@era koje pri
RGUHYLYDQMRHKGDODOMRHEGRRWX]LPDMX X RE]JLU IDVWXSOMHQ
jedinica.Za identifikaciju VW D W L V Wih palxlika | QelapMDdyl Lastupljenoisbakterija na
UD]J]OLPLWLPFQLWRLYRIRKX L VDOLYDUQRP Pdesikik Edr&iaX L]PHY.
ispitanika izvedena je analiza efekta linearnog diskriminacijskog fak{@mgl. Linear
discriminant analysisLDA), tj. analizaLEfSe (engl.Linear discriminant analysis Effect Size)

(120. 6DPR RQH /'$ YULMH G Q RNatostl Hainjd o G,05 dmaBale su se
VWDWLVWLPpNL ]1QDpDMQLPD

Multivarijantna analizaMaAsLin 2 NRULaAWHQD MH ]D LVSLWLYDQMH SRY
N O L Q pdrdirieRim&g121). Za ispitivanje korelacije sastava salivarne i crijevne mikrobiote

X SRMHGLQRJ LVSLWDQLND NRU L avwldiep(1RPHRErDIfatiaqelz® QL SUR
SourceTrackeom prikazuju koliki je udio svakog izvora mikrobioma u ciljanom uzorku.
SRYH]DQRVW PLNURELRWH V WHALQRP EROHVWL PMHUHQF
bolesnika s KSkbm (mjerenom CU-Q20L upitnikom) ispitana je Spearmaavom

korelacijom.

38 6WDWLVWLpPpND DQDOL]D

Normalnost kontinuiranih podataka testirali soR U L 8 W H Q M H-Pedrsboviegtésth.Q R
Podacikoji ne slijede normalnulistribuciju prikazani sumedijarom i raspormm vrijednosti
.DWHJRULPNL SRGDFL S UL NipédfatakMent HNKDLRNV B BIRMY XWRHWYWDWN N R U |
za testiranje razlikde ]JPHYyX GYLMX VNXSLQD NRQWLAXDGRH@MK SRGD)\
NRULAWHQ ]D WHVWLUDQMH SRYH]DQRRoWlcijaL IHA#HX X NDW
NRQWLQXLUDQLK L QRPLQDOQLK YULMHGQRVWL RGUHVHQTL
NRUHODFLMH UDQJRYD ! 'LMDJQRVWLPND YULMHGQRVW ]LC
UDpXQDQMHP SRYUa&LRekiveNnOp&EAEng Cléarattepistidrivulje (engl.Area

Under Curve AUC) (123).
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6WDWLVWLpPpND DQDOL]D L]¥20.45B @ EdCAld SSfRVBre, Oxtead] Be&iap F
i programskog jezika5 Y 5 )RXQGDWLRQ IRU 6WDWLVWLFDO &l
Dvosmjerngg-YULMHGQRVWL PDQMH RG VPDWUDQH VX VWDWL
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,VWUDALYDQMH MH XNO KX INFONRL RDbMehils EDqphgNdzom KSg)

te ]JGUDYD LVSLWDQLND ,VSLWLYDQH VNXSLQH QLVX SRNLEL
VSROX 2VQRYQH LQIRUPDFLMH R GHPRJUDIVNLP L NOLQLPN
suu Tablicama3-5. U 50% bolesnika s KSURP QDYHQH VX SRY laatHi@®l YULMH
8WYUGLOL VPR VWDWLVWLpPpNL JRHDRD W) X/ GRAYHHI DR RANM SSRLY
(p=0,009. 7/ DNRYyHU X QHAWR YLAHNRGUDQEHROWHVQLABQBWWHXP
vitamina D.

Tablica3. ' REQH L VSROQH NDUDNWHULVWLNH XNOMXpPpHQLK LVS

Vel KSU bolesnici Zdravi ispitanici e e
(Nukupno=22) (Nukupno=23)
Dob,. medijan 42 40 0928
(min-max) (20 £73) (19 74)
Spol
OXaNDUF 6 (27,3%) 7 (304%) 0,817
aHQH 16 (727%) 16 (60,6%)

Tablica4. . OLQLpNL SDUDPHWWMm EROHVQLND V .68

Varijabla KSU bolesnici Nukurno=22) [N (%0)]
Trajanje bolesti
6 tiedana £5 mjeseci 15 (68%)
6 mjesecil2 mjeseci 7 (32%)
Pojava urtika
svakodnevno 13 (59%)
2-4 puta tjedno 8 (36%)
jednom tjedno 1 (5%)
BULGUXaHQ DQJLRHG 7(32%)
B3ULGUXaHQH DWRSLMYV 7(32%)
UAS7 EURM XUWLND LQWH
0-6 (dobro kontrolirana bolest) 5 (23%)
7-15 (blaga bolest) 3 (14%)
16-27 (umjerena bolest) 10 (45%)
28 WH&EAND EROHVW 4 (18%)
Cu-Q20L (utjecaj urtikarije QD NYDOLW
nema utjecaj 0 (0%)
mali utjecaj 2 (9%)
umjeren utjecaj 7 (32%)
veliki utjecaj 9 (41%)
iznimno veliki utjecaj 4 (18%)
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Tablica 5.Laboratorijski parametri bolesnika s KSign

Varijabla KSU bolesnici Nukupno=22[N (%)]
3RY LE@RPQ 7 (32%)
3RYL®BHEQD 7 (32%)

3R Y Lanti-Ty 6 (27%)

3 R Y L&H-QPO 11 (50%)
6 Q L &ith@in D 15 (68%)
3RYLAHQ ,J( 9 (41%)

4.1 Analiza sastava mikrobiote fecesa

4.1.1 Taksonomska analiza

Nakon kontrole kvalitetsekvenci (produkata sekvenciranjepolirano je ukupn@,633,362
sekvenci iz uzoraka fecesa u 45 ispitanika, u prosjeku 80,741 sekvenca po uzorku. Analizirali
VPR EDNWHULMVNH VDVWDYH L UHODWLYQH |[DVWXSOMHQR

taksonomskim razinama.

Na razini kollena X REMH LV SLWLY @adtupljEndsnalaidulk@liemdMrahicutes

i BacteroidetesBakterije iz koljenaFirmicutes bile su zastupljenijeu kontrolnoj skupini
(medijan=4%%) u odnosu na KSU skupinu (medi7,3%), dok suBacteroideteshile
podjednakazastupliene u obje skupine (medi§3,0% u kontrolnoj skupini, 43% u KSU
VNXSLQL apé alpiubElslkoljenaProteobacteria Actinobacteria S UL $fulBRIX

kolijena V D p L Q BBF% LRripene mikrobiote zdravih ispitanikadnosno 96% crijevne
mikrobiote u bolesnika s KSOm. Relativhe zastupljenosti taksona na razini koljeameda

porodice i roda prikazane SBRPRUX VWXSLpDVWL-B) GLMDJUDPD 6OLNH

Na razini razredaClostridia je bila X YHUOHP X Gpljeth® XsKupiviVkdravih kontrola
(medijan=450%), u odnosu na KSU skupinu (medijans@%). Nadalje, porodice
Lachnospiraceae Prevotellaceadile surelativno manje zastupljene u bolesngk&SU-om
(medijan=1%%, 46%) u usporedbi sa zdravim ispitanicima (medijan52& 79%). Na
razini roda, relativna zastupljend8acteroides Streptococcus, Agathobactevila je YHUD X
skupini bolesnika s KStom, dok surodovi Prevotella, RoseburjaFaecalibacterium,
Ruminococcus, Lachnospira, Blautia, Coprococcus, Subdoligranukmbacterium bili

relativno manje zastupljeni u KStkupiniu odnosu na zdrave kontrole.
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Slika 6. Relativna astupljenost bakterijskih taksona na razini koljena

Zdravi ispitanici KSU bolesnici

mc__ Clostridia H c__Bacteroidia mc__ Bacilli
c__Gammaproteobacterim c__Alphaproteobacteria mc__Negativicutes
mc__Actinobacteria mc__Verrucomicrobiae  mc__Coriobacteriia

m c__Desulfovibrionia ® c__Vampirivibrionia B c__Fusobacteriia

Slika 7. Relativna astupljenost bakterijskih taksona na razini razreda
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Relativha zastupljenost [%]
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Zdravi ispitanici KSU bolesnici
mf_Bacteroidaceae mf__Lachnospiraceae mf__Ruminococcaceaem f__Prevotellaceae
mf_Oscillospiraceae mf__Rikenellaceae mf_Tannerellaceae ®f__Sutterellaceae
mf_uncultured mf_Barnesiellaceae mf__Streptococcaceae mf__Christensenellaceae

mf_ Clostridia_UCG-014

Slika 8. Relativna astupljenost bakterijskih taksona na razini porodice
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D
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N
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©
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0%
Zdravi ispitanici KSU bolesnici
mg__ Bacteroides m g_ Faecalibacterium mg_ Alistipes
mg__ Parabacteroides B g__ Subdoligranulum mg__ Prevotellaceae_ NK3B31 g
Eg__uncultured B g__Agathobacter H Other
mg_ UCG-002 mg_ Roseburia m g__Fusicatenibacter
mg__ Ruminococcus g__Sutterella mg__ Streptococcus
mg_ [Eubacterium]_halli_g mg__Lachn._NK4A136 mg__ Clostridia_UCG-014
g__Lachnospira mg_ Lachn._ND3007_g mg__ Akkermansia
mg_ Prevotella g__ Blautia

Slika 9. Relativna astupljenost bakterijskih taksona na razini roda
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4.1.2 Analiza alfa i beta raznolikosti

Alfa raznolikost odnosi se na raznolikost unutar pojedinog uzofkd MH PMHUD EURMD U
taksona prisutnih u jednom uzorku i njihove relativne zastupljenosti. Mjerenje alfa raznolikosti
SRPD&H X SURFMHQL NROLNR UD]J]QROLNRVWL SRVWRML XQ>
PR4H VH NRULVWLWLOQRFK SRNDIID YHOMY QW W/EHIAH XZePLNUREL
mjerenje alfa raznolikosti koristili smadekse:Chaol, ShannonEvenness. Evenness indeks
SRND]DR MH ]Q@b smavjenk ramolikost u skupini bolesns&kKSU-om u odnosu

na kontrolnu skupinu, dok ostatideksiQLV X SRND]DOL VWDW [(SURNIOpNL ]QDpD

Slika 10. Usporedba alfaaznolikosti u crijevnoj mikrobiotbolesnikas KSU-omi zdravih
ispitanikaprema Eveness i Shannon indeksima
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%HWD UD]J]QROLNRVW RGQRVL VH QD UD]J]QROLNRVW L]JPHyYX
grupa. % HWD UD]J]QROLNRVW PMHUL NROLNR VX UD]OLpLWH PL
uzoraka. Za vizualizaciju strukture mikrobnih zajednica bolessikiSU-om i zdravih

ispitanika koristi se analiza glavnih koordinata (eylncipal coordinates analysis?CoA).

3&R$ JUDILNRQ SUXAD YL]XDOQL SULND] UD]JOLPpLWRVWL PF
RGUDAaDYD UD]QR O.LINRjer&vju et thnBlikés® Koristili smo  dvije mjere
udaljenosti: 1) Jaccardova mjera udaljenosti (endhccard distance koja XVSRUHYyXMH
SULVXWQRVW RGVXWQRVW WDNVRQD L]JPHYXun¥¢igiteB ND WH
UniFrac) koja procjenjuje raznolikost mikrobioma na temelju evolucijskih raznolikosti unutar
filogenetskih stabalalakvo mjerenje]QDpL GD VH QH JOHGD VDPR QD SUL’
YUVWD YHUO VH WDNRyYHU X]JLPD X RE]JLU HYROXFLMVND VUR

Betaraznolikost, izmjerena Jaccardovom mjerom udaljer{6ittall) L QHRWHADQRP 8QL)
mjerom(Slika12) SRND]DOD MH ]QDpD M Q iodddaXBEUWsRURive d odBosu

nakontrolru skupiru.

Slika 11. Beta raznolikost u crijevnoj mikrobioti prenPxoA analiziNRULAWHQMHP -DFFD

udaljenosti
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Slika 12. Beta raznolikost u crijevnoj mikrobioti prenfeoA analiziNRULAWHQMHP QHRW
UniFrac udaljenosti

4.1.3LEfSe analiza

LEfSeDQDOL]D MH VWDWLVWLpPpND PHWRGD NRMD VH NRULVWL
PLNUREQL ELRPDUNHUL LOL PLNUREQH |[DMHGQLFH NRMH V
Ova metoda oNULYD NRML PLNURRUJDQL]PL LOL VNXSLQH PLNL
YDULMDFLML L]JPHYyX UD]OLpPpLWLK VNXSLQD X]JRUDND 7HPHC
(LDA) koja identificira bakterije kg |QDpPDMQR GRSULQRVH UD]JOLNDPD

VNXSLQD %DNWHULMH V /'$ JEURWHPDWUDMX RGI |1QDBDMQ]
]IDVWXSOMHQLP L]JPHYX LVSLWLYDQLK VNXSLQD L XND]XMX
VNXSLQD ,GHQWLILFLUDQMH JQDpDMQLK UD]JOLND X ]DVWXS
u analizi mikrobnih zajednicaid QWLILFLUDQMX WDNVRQD NRML QDMYLA&t
VNXSLQD LVSLWLYDQLK VNXSLQD 7L WDNVRQL PRJX vOXalL\
X VORAHQX LQWHUDNFLMX L XORJX PLNUREQLK |JDMHGQLFD

Na razini porodice EfSe analiza pokazala je da dBarnesiellaceae, Butyricicoccaceae,
CarnobacteriaceaeVWDWLVWLPNL J]QDpDMQR PDQMH |DVMWXSOMHQF
(Slike13i 14). NarazinirodalEfSeDQDOL]D MH LGHQWLILFLUDOD VWDWLYV
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rodovima Lachnospira, Roseburia, RuminococcuSpprococcus, Eubacterium eligens

Butyricicoccuau skupini bolesnikaSlike 13i 14).

Slika13. 6WDWLVWLpPpNL ]QDpDMQR ]DVWXS OKSHOH z&F@®NMWHULMH
ispitanika
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Slika 14. LEfSeanalizacrijevne mikrobiote
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4.1.4R0OC analiza

ROC (engl.Receiver Operating Characterisfianalizakoristi se u analizi mikrobioma za
SURFMHQX YULMHGQRVWL RGUHYHQLK EDNWHULMD NDR ELR
SRPRUL X LGHQWLILFLUDQMX EDNWHULMD pLMH SULVXVWYF
bolestma.52& NULYXOMD MH JUDI NRML SULND]XMH RGQRV L]PH
vrijednost (englArea Under the CuryeM H PMHUD NRMD NYDQWLILFLUD XNXS
AWR MH $8& EOLAaH WR ]QDpL GD MH PRGHO XpLQNRYLWL
AUCmanML RG ]QDpL GD QHPD GLVNULPLQDFLMH L]PHYyX LV
AUC vrijednosti za bakterijske rodoveachnospiraceadNK4A136 Eubacterium eligens
Roseburiaiznosile su (728, Q729 i 702 (p<0, awR VXJHULUD GD RYH EDU
SRWHQFLMDOQX GLMDJQRYSIkapINX YULMHGQRVW ]D .68

Slikal15.ROCNULYXOMD |D RGUHYLYDQMH GLMDJQRVWLpPNH Y
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4.2 Analiza sastava salivarne mikrobiote

4.2.1 Taksonomska analiza

Najzastupljenije koljeno u salivarnoj mikrobioti kod olgpitivane skupinéilo je koljeno
Firmicutes, s tim da je zastupljenostbila manja u skupini bolesnika s KSam
(medijan=353%), u odnosu na skupinu zdravih ispitaniaedijar39,6%). Drugo po
zastupljenostibilo je koljeno Bacteriodetes,V QHIW®RLP XGMHORP X .68
(medijan=32,7%) u odnosu na zdrave kontrole (medijan#3d). Koljena Proteobacteriai
Fusobacteriabila su zastupljenia u KSU skupini (medijan=18%, 7,6% u KSU skupini,
medijan=116%, §7% u kontrolnoj skupini), dofe koljenoActinobacteriotamalo relativho

manji udio u KSU skupini (medijans®%) u usporedbi sa zdravim kontrolama
(medijan=71%). Slike 16-18 prikazuju elativnu zastupljenost taksonomskih jedinica na razini

koljena, porodice i roda

Bakterije iz reda Lactobacillales bile su relativno zastupljenije u KSU skupini
(medijan=214%) u odnosu na kontrolnu skupinu (medijan8%%). Na razini porodice,
Prevotellaceaé Streptococecabile su brojnije u kontrolnoj skupini (medijan=5%6, 195%

) u odnosu na skupinu bolesnika (medijan72d, 14,4%). PorodicePasteurellaceae
Neisseriaceae, Fusobacteriaceae, Porphyromonadaceae, Bacteroidbiteagu relativno
zastupljenije u skupini bolesnika s K&h (medijan=70%, 59%, 46%, 44%, 38% u
usporedbi sa zdravim ispitanicima (medijar6%, 45%, 42%, 3,2%, 1,4%). Rodovi
Prevotella, Streptococcus, Veillonekli su manje zastuplieni u KSU skupini, dok su
Hemophilus, Neisseria, Fusobacterium, Porphyromonas, Bacterbilildsojniji u bolesnika

s KSU-omu odnosu na zdrave kontrole.
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Slika 16. Relativna astupljenost bakterijskih taksona na razini koljena
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Zdravi ispitanici KSU bolesnici
mf_Prevotellaceae mf_Streptococcaceae mf_ Veillonellaceae
uf_Pasteurellaceae mf_Lachnospiraceae  mf__Neisseriaceae
mf__Fusobacteriaceae mf__Actinomycetaceae mf__Porphyromonadaceae
mf_Leptotrichiaceae mf__Micrococcaceae mf__Saccharimonadaceae
mf__Gemellaceae mf__Bacteroidaceae mf__Carnobacteriaceae

f__Ruminococcaceae mf__Flavobacteriaceae

Slika 17. Relativna astupljenost bakterijskih taksona na razini porodice

47



100%

90%

80%

70%

60%

50%

40%

Relativha zastupljenost [%0]

30%

20%

10%

0%

Zdravi ispitanici KSU bolesnici
mg_ Prevotella mg__ Streptococcus mg_ Veillonella
g__Haemophilus mg_ Alloprevotella mg_ Neisseria
B g_ Fusobacterium mg_ Actinomyces B g__ Porphyromonas
mg__ lLeptotrichia mg__ Rothia mg_ Gemella
m g_ Bacteroides mg_ TM7x mg__ Granulicatella

g__Capnocytophaga  mg__Lachnoanaerobaculumg__uncultured

mg__ Atopobium mg__ Faecalibacterium  mg__Oribacterium
m g__Campylobacter mg__ Stomatobaculum mg__ Selenomonas
mg_ Treponema g__Corynebacterium g__Megasphaera

Slika 18. Relativna astupljenost bakterijskih taksona na razini roda
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4.2.2 Alfa i beta raznolikost

=D DQDOL]X DOID UDJQROLNRVWL NRG VDOLYDUQH PLNURE
(YHQHVV &KDR NRML VX SRND]DOL QHAWR PDQMX EURMQF
KSU-RP X RGQRVX QD J]JGUDYH LVSLWDQLNH QBRBIKA¥)XOWDWL C

Slika 19. Usporedba alfa raznolikosti u salivarmojkrobioti bolesnika s KSkbm i zdravih

ispitanikaprema Eveness i Shannon indeksima

Beta raznolikost, mjerena Jaccardovom udaljeri8tka 20inHRWHAaDQLP 8QL)UDF PMl
(Slika2l) QLMH SRND]DOD ]QDpDMQH UD]JOLNH X VDVWDYLPD V

skupina
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Slika 20. Beta raznolikost u salivarnoj mikrobioti prerRaoA analiziNRUL&AWHQMHP
Jaccardove udaljenosti

Slika 21. Beta raznolikost u salivarnoj mikrobioti prelaoA analiziNRULAWHQMHP QHRW
UniFrac udaljenosti
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4.2 3LEfSe analiza

LEfSe analizom identificirali smo staiipNL ]QDpDMQH UD]OLBBivalkihn]DVW XS
EDNWHULMD L]PHYX WNVs8UpWM hoteBrixaskK SUNRES VOMD WLVWLPpNL VX ]
brojnije bile bakterije iz porodicd-lavobacteriaceade rodovaCapnocytophagaKingella i
Lautropia.Vrste Streptococcus sanguiniglemophilus pitmmaniaeile su V W D WLQ/DW IDAMNQ. R
manje zastupljene u bolesaik KSU-omu odnosu na zdrave ispitanii®like 22 i 23.

Slika22 6WDWLVWLpPNL ]QDpDMQR ]DVINKEG@MW2dr@vth igpdakivaHUL M H
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Slika 23 LEfSeanalizasalivarne mikrobiote
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4.2 4ROC analiza

Za bakterije koje sLEfSe DQDOL]RP SRND]DOH ]QDpDMQX UD]JOLNX X ]D
bolesnika i zdravih kontrolgrimijenili smoAUC analizi SRPRUX 52 & mddi bvitlX® M H
potencijalneG L M D J QVRj®Mbktptid blakterija. AUC vrijednosti za vusCapnocytophaga

leadbetterj nekultiviraru vrstu rodaKingella te nekultiviranu vrstu rodaautropiaiznosile su

0,702, 0688 i1 0,681 (p<M5) (Slika 24).

Slika24 ROCNULYXOMD ]|D RGUHYyLYDQMH GLMDJQRVWLpPNH Y
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4.3 Analiza povezanosti sastava salivarne i crijevne mikrobiote u pojedinog ispitanika

=D GHWHNFLMX |]DMHGQLpPpNLK WDNVRQD X VDOLYDUQRM L
dijagram i Source Trackemalizu. Vennov dijagram pokazuje da je bf@ MHGQLpPNLK WDN'
LIPHYyX VDOLYDUQH L FULMHYQH PLN U RdLOWbsuBE Zdiaveé VN X S L
ispitanike (Slika 25) Source Trackeanaliza identificirala je bakterije iz mikrobiote sline u

crijevima kod 65% zdravih ispitanika te 77% bolesnikas kit AWR MH X VNODGX V UH
Venn dijagramgSlika 26) Rezultati Source Tracker analize dalje su pokazali da bakterije
SRGULMHWORP L] VOLQH JGUDYLK LVSLWDQLND pLQH FUL
bakterija u crijevnom mikrobiomu bolesnika s K®&oh 0,6%9 aWR QLMH VWDRBWLVWLD

razlika

Slika25. 3ULND] |IDMHGQLPpNLK WDNVRQD L]JPHyX PLNURELRWH

bolesnikas KSU-om Vennovim dijagramom

Slika 26. Detekcija bakterija podrijetlom iz sline u stolici ispitan{i@ourceTracker analia)
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4.4 Korelacije mikrobiomai NOLQLpPpNLK SDUDPHWDUD

1IDNRQ LGHQWLILNDFLMH EDNWHULMD NRMH SRND]JXMX VWI
VNXSLQD SURXpLOL VPR QMLKRYX SRYH]DQRVW V NOLQLpN

U skupini bolesnika s KSIdm, kakterije iz eda Clostridiaeu crijevnoj mikrobioti negativa

sukorelirale s CRP vrijednostim§=0004) aWR ]QDpL GD SDGRP |][DVWXSOMH
rastu CRP vrijednosti (Slikda7 6 GUXJH VWUDQH NRUHODRREMO L]PHYX
vrijednosti bila je pozitivna(p=0,003) (Slika 28). Porodica Lachnospiraceaas crijevima

W D NjRpyaKdalanegativnu korelaciju sa CRP vrijednosti(ps0,004)(Slika 27). Isto takq
zastupljenostLachnospiraceaau crijevima pozitivho je korelirala santtTPO vrijednosti
(p=0.017)(Slika 28).

U salivarnoj mikrobiotbolesnikes KSUom WDNRYHU VX QDYHQH NRUHODFLMH
sprotuW L M H O L P. BoraticaPapthdijoidaceap=0,002)te rodPrevotella(p=0,002)

pozitivnosukorelirdi sant-TPOvrijednostima(Slika 28).

1DGDOMH LVSLWLYDOL VPR SRYH]DQRN&L QR WROWY WNL PQ
8$6 XSLWQLNRP NYDOLWH WRRCULQZR VXS LE/RQ@ LN NW H PAD H Y
pojave urtka, DQJLRHGHPD L VYUEHAD

Rod Ruminococcus torque&orodicaLachnospiraceaenegativnoje korelrao V. WHAaLQRP
bolesti (UAS7) (p=®018) GRN RVWDOH VWDWLYV Wippkéale@veiaDdddt@ H ED NV
WHALQRP EROHVWL 8$6CU-QR¥DDXWHWRBD QGRYWWINLPSWRPD

Slika 27. Korelacije crijevnih bakterija SGRP vrijednosti
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Slika 28.Korelacijesalivarnih i crijevnih bakterija sa razinaraati- TPO protutijela
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8QDWRp EURMQLP LVWUDALYDQMLPD GR GDQDV QLVX UD
razvoju KSUe. Posliednjh RGLQD YHOLNL LQWHUHYV LVWUDALYDpPD XV
mikrobiote simunosnimsustavom i ulogu u razwfEURMQLK EROHVWL-uuXNOMXp
SUHPD QDaLP VD]QDQMLPD L SUHPD GRVWXSQRM OLWHUL
DQDOL]J]LUDOR L XVSRUHYLYDOR VDVWDYH L VDOLYDUQH L F

om i zdravih ispitanika.

Za analizu sastava i raznolikosti salivarne i crijevne mikrobiateizoraka sline i fecesa
bolesnika s KSktbm i zdravih ispitanikgkoristili smo metodINGS, to jest sekvenciranje gena
1D 6 U51$ NRML MH SULVXWDQ X VWDQLFDPD VYLK EDNWH
UD]J]OLNH X VDVWDYX L UDJ]QROLNRVWL VDOLYDUQH L FULMH

.68 MH YUOR pHVWD L LVFUSOMXMXUD GHUPDWRORA&GND EF
svakodnevne pojave sihnRPD XYHOLNH XWMHpH QD NYDOLWHWX aLYR
L LOL DQJLRHGHPD NDUDNWHUL]LUDQD MH L LQWHXQ]JLYQLP
SRUHPHUDMD VSDYDQMD OR&aLMH SURGXNWLYQRVWL WH

DOQNVLR]QRVWL =ERJ XJODYQRP Qiit@etinoSiRat@rBpWiRI X]UR!
predstavlja veliki terapijski izazovs XWRLPXQD .68 QDMpH&&.LPrdld SRGWL
LVWUDALYDQ M% RS- ¥ IMBHH RGWRLPXQH HWLRORJLMH =QD}|

MH X UD]J]OXpLYDQMX GYDMX JODYQLK DXWRLPXQtK PHKDQ
Autoimuna KSU tipal, tzv. autoalergijska KSU, posredovanal@g protutijdima protiv

vlastitih antigena (tzv. autoalergena), primjerice, protiv tireoidne peroksidaze (TPO) i
interleukina IL-24. Autoimuna KSU tipallb karakteriziranaM H S U L V X VaiQithetaing ,J *

vlastiti IgE ili na vioN RV S H FéceptoQ4a IgE,)F05, 2ED SRGWLSD LPI
PHKDQL]DP DNWLYDFLMH PDVWRFLWD V SRVOMHGLpPpQRP Y
SRGUDADMHP VHQ]JRUQLK ALYpDQLK YODNDQD L DNWLYDFLI
autoimune KSkk, dok bolesnici s autoimim tipom ,,E LPDMX WHAaL REOLN EROC
YULMHGQRVWL XNXSQRJ ,J(-TBRanti& M® B Dy U LOIRIFBLQRV W H LDDBM
(2,18).

IMXGVND PLNURELRWD SRQDMSULMH PLNURELRWD FULMH\)
imunosnogV XVWDYD XNOMXpXMXUL L Stddnjgrayrik@bharayialikbptH Q X L P
gubitak korisnih mikroorgQL]DPD LOL SUHNRPMHUDQ UDVW awHWQLK
neravhteaH PLNUR Edishbzel -WEYQD RG SRVOMHGLFD GLVELR]H Ml
imunosnogV XVWDY D W kuddshidddgorbil @@Q.' RVDGDAQMD LVWUDALYDQM
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VQLAHQH Y U LIvFbGtakdbdldsniké)dKBidm (115,116. Treglimfociti su podtip

T limfocita koj LPDMX YDAQX XORJX X RGUADYDQMX UDYQRWHAaH |
RGJRYRUD L VSUMH p D Yibupddnoga bMoraQlkvajl RasdbidQ kibibicije
aktivnosti Tlimfocita, B OLPIRFLWD L GHQGULWLPNLK VWDQLFD WH NEK
FLWRNLQD 6YRMRP VXSUHVLYQRP IXQNFLMRP VSUMHpPpDYDN
WDM QD moMH SADLYGIRR@SHegsUstava(115,116) ,VWUDALYDQMD FULMHYQ
NRG EROHVQLND V NURQLpQRP XUWLNDULMRP GRYHOD VX
bakterijskih vrsta sa smanjenim brojem Thegfocita (108,11). Ta saznanja ukazuju da

promjene u sastavu mikrobiote, bilo smanjena raznolikost ili promjena u zastupljenosti
SRMHGLQLK YUVWD PRA&H GRY H¥giirafo@tR L QUHHIIDCOWRW B 8H. 73R N

imunosnimodgovoromupalomi razvojem KSUe.

,PDMXUL X YLGX VORAHQRVWIR ELR HSVHIEIN B R'E DINRIVNADX & D\NDV W D
mikrobioma, DAH LVWUDALYDQMH XNO M->inli ZBRdidvd ispitdhiReOGHNVR) L N D
je u skladu i s drugim inozemnih VW UDALYDRMLIPYODQH VNXSLQH QLVX SR
]OQDpDMQH UD]JOLNH X GRBIEROMHSRILONDS]L KDWR NVHH , SWMRG U X aH
je u skladu sobjavljenim studijama o prevalenciji angioedema kod bolesnika s-&(8(b,

35). Polovica bolesnika s KSR P LPDOD MaHt-BRYbjajelriggativno korelira sa
VQLAHQLP XNXSQLP ,J( a4WR JRYRUL X-HUIRPROGEPROWRLPXQF
VQLAHQL XNXSQL ,J( QLVX SRND]DOL SRYH]DQRVW V WHALQ
NYDOLWHWRP ALYRW DCHE-RZHWinkdhD). . R G VUL & RAPG LVSLWD
skupini bolesnikes KSUom QDYyHQH V XseMiQdkévHj&hbsti vitamina DVel L QD

L VW U DiahoednRavsIXSUR P ] D E L O tkficgdn@jviddrhina D Prema metanalizi

Tuchinda i suradnikayd 14 studija koje su mijerile vrijednost vitamina D iz seruma bolesnika
sKSUom [JODGBE@ORAHQD VHUXPVND YUDRHG@RMNIDI2Y.DPLQD
OHYXVau®iVXIJHULUDMX GD MH SRWUHEDQ YHUL LVRAKODALYDQ
EL VH SRNX&ADR UD]MDV Q L WwaveRadnssivGLL] HHPQNRR MYLL W\BER MQ. DL 1 0L .

5.1 Usporedba sastava i raznolikosti mikrobiote

Kako bismo procijenili razlike u brojnosti i raznolikosti salivarne i crijevne mikrobiote, koristili
VPR UD]OLpLWH LQGHNVH ]D DOID L EHWD UD]J]QROLNRVW

raznolikost bakterijskih vrsta unutar pojedinog ispitanika. @yerstrane, beta raznolikost
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RGQRVL VH QD UD]JQROLNRVW E D NW jedtiuzdfe/ BeLgfupfd\i& D L]P H
WHPHOMX VOLPQRVWL X VDVWDYX PLNURELRWH

=D XVSRUHGEX EHWD UD]QROL KRY W3Uom] Pskyphe \ztiavBLQH ER
ispitanika,koristili smo mjeruJaccardova udaljenoshHRWHAaDQX 8QL)UDF PMHUX
XILPDMX X RE]JLU SULVXWQRVW LOL RGVXWQRVW RGUHVHQL
WH SURFMHQMXMX XGDOMHQRVWL L]PHyX PLNUREQLK J]DMH
Y H,édsu ralke PLNURELRPD L]JPHYyX LVSLWLYDQLK VNXSLQD YHUF
FULMHYQH PLNURELRWH SRND]DOD MH GD VH VDVWDY PLNU
VNXSLQD aWR MH YLGOMLYR XRC8AI Takav] ezultatsKdd jeNsRR U G L
SUHWKRGQR REMDYOMHQLP LVWUDALYDQMLP-B kiji SIRYH]DQF
WDNRYHU SRND]DOL JUXSRWIPDQDMHNVNBEBRBBOWVIEALNOLYQBE WL X V
(108,111,112 OMHUHQMHP DOID UD]JQROLNRVWL jng ¥Ha@QjéehvV LQGH
raznolikost crijevnog mikrobioma u skupini bolesnika s K&b, u odnosu na zdrave
LVSLWDQLNH GRN GUXJL LQGHNVL QLVX SRND]DOL VWDWL)\
WDNYL UH]XOWDWL ]D DOID UD]Q R Qdritd&RROANMdRR UZXokSuati S LV D W
SURPMHQH X UDJ]QROLNRVWL ERNWRNL RN RL iSgshB QDX K X R
grupa, razlike u prehrambenim navikama i demografskim podacmanjenu alfa raznolikost
ucrijevimg WR MHVW RV LU kKé&sh igbrbfastiHhakietdprik@zaIGu i Liu i Wangu

VYRMLP LVWL8§KE1L)YOUGaWIOA DWW UDALYDQMD QL VaXikblRaNeD ] DO D ]Q
raznolikostL]PH Y X E R O H \f@rLi Kdbawih kd&h&ol4110,112.

$QDOL]RP EHWD UD]JQROLNRVWL NRG VDOLYDUQH PLNUREL
PLNURELRWH L]PHYyX LVSLWLYDQLK VNXSLQD 1DGDOMH PM
u skupini bolesnika s KSIdm pokazala je manju raznolikost i brojncstsona u odnosu na
]JGUDYH LVSLWDQLNH QR UH]XOWDWL QLVX ELOL VWDWLVYV
LVWUDALYDQMD R SRYH]DQRVW LHV DIDLAHD WEIRXORLINW R EX\RPHD
rezultatimastudijao povezanosti oralne mikrobiatedrugim autoimunim bolestima (RA, SLE,

SS). Pritom su rezultati o alfa i beta raznolikosti nekonzisteRtegledni p O D GQdo-al i
suradnika,koji je analizirao povezanost oralnog mikrobioma s-&A, SLEom i SSom
SULND]DR MH YUOR UDJOL ptQulij@hall HR X @ W D WXSRPXEROHVQLN
kontrolau kontekstu alfa i beta raznolikosW, X JHULUDMXiUdL GD WUHQXWOQR QH ¢
SURPMHQDPD RERJDUHQRVWL L UDJQROLNRVWL RUDOQRJ
bolesti(125) Pri WR P H LVWUBRAQYD® MRNMRDFBOR UD]JOLNH X DOID
VNXSLQD D MH SRND]DOR YHUX UP5]QRGLNRMW R ALN ORMIOL
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mikrobioma kod SLED MHGQR LVWUDALYDQMH QazddikoSiRPNsD]DOR U I
SRND]DOD YHUX DOID UDJ]QRORRRGW NN RGE ERIGHWQLW®W UD &L(
smanjenu raznolikost kod bolesnika s St u odnosu na zdrave kontrole; razlike u beta
raznolikostipokazala su LV W U O(#2b)YI&pi@i\drijem oralnog mikrobioma kod S8u 5

odukupno VWXGLMD QLVX LGHQWLILFLUDQH UD]JOLNH X DOID
VNXSLQD VX SRND]DOH VQLAHQX DOID UD]J]QROLNRVW NI
SULND]DOR YHiX DOID UDIBR\@Iikd] RekatzidtdhiBodEi Rrid kHjarapin D
GRSULQRVH L UD]OPPIyW H WW V V@HH X FUMAYWPMD ALYDQMD NDR X
VX VOLQX SRMHGLQD VX X]JRUNRYDOD VOLQX QDNRQ LVSL
studija analiziralo je mikrol@m na temelju brisa jezika ili bukalne sluzniceDNRWHDJO LpL WL
XNOMXpXMXUOL L LVNOMXHBXMXIMDQMLMNMU PNREMOgrEfSkRM LV S
NDUDNWHULVWLNH VWLO A&LYRWD WH SUHKUDPEHQH QDYLN
UH]XOWDWLPD 6YDNDNR QHRSKRGQD VX GDOMQMD LVWUD:
s KSURP NDNR EL VH GXEOMH LV )ahd D&azndikoStRiViboygsiuuM D O Q H

bakterijskog sastava.

5.2 Razlike u zastupljenosti bakterija

1) Crijevna mikrobiota

8 QDAHP LVWUDALYDQMX @iijeMridprikibXistio had-boleskila NSO MHQD X
om i kod zdravih ispitanika s&irmicutes, Bacteroidetes, ActinobacteriBroteobacteria a W R
jeuskladua VOLPpQLP VMBXE). DVvB koljenaFirmicutesi Bacteriodetesp L YH & H
od 90% cjelokupne crijevne mikrobiote.Relativna zastupljenostBacteroidetes i
ActinobacteriotaQ H §&WRH 0 D X skugpsi, dok je koljend=irmicutesmanjezastupljeno

NRG EROHVQLND &aWR VX X VYRMIOS i ViW(X13) LNaDaRib r&dd,LND]D O
Clostridia MH UHODWLYQR YLaH ]DVWXSO MibQridiagswadae®briegl. |GUD
bakterijie NRMH VD p L@ KIenabiknCutes(89) te time pLQH ]1QDp bkan® XGLR
bakterijske populacije u crijevnoj mikrobioti. Osim nekoliko patogenih vr&iastridium
perfrigens Clostridium tetani Clostridium difficile) sve ostale vrsteClostridiae imaju

NRPHQ]DOQL RGQRV V GRPDULQRP L LPDMX YUOR YDaQXx XO
crijeva (126). Brojni rodovi iz porodicd.achnospiraceaeN D R  aMddRnaspira, Roseburia,
Ruminococcus, Coprococcu®d Subdoligranulumz porodiceRuminococcaceakao i rod

Butyricicoccus iz porodice Butyricicocceamnje su zastupljeni kod bolesnika s kSid.
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Manji udeli bakterija iz reda Clostridiag XN O M X [p&rdtliéet Lachnospiraceae,
RuminococcaceaeButyricicocceagimgu RJELOMQH SRVOMHGLFH QD UDYQRW
Smanjenjeudjela ovih bakterijadovodi do dishioze WR MHVW QDUX&HQH FULMHY
3RVOMHGLFD GLVELR]H MH QDUX&HQD IXQNFLRQDOQRVW L
U DY Q RMURo&hbg sustava (40). Naime, bakterijski rodovi i vrste iz porodica
LachnospiraceaeRuminococcaceaelLactobacillaceaeJODYQL VX SURL]YRYDpL 6&)
VX NDUERNVLOQH NLVHOLQH NRMH X VYRMRM VWUXNWXUL
anaerobnom bakterijskom fermentacijom u crijevima. Najzastupljenije SCFA su acetat,
propionat i butiratSCFA se mogu unijeti u organizam putem hrane ili stvarati u lumenu crijeva
IHUPHQWDFLMRP QHSUREDYOMLYLK XJOMLNRKLGUDWD +U
SURL]YRGH pLML MH SURFHV SURL]JYRGQMH YH]DQ X] IHUPF
poYUuD L VOLPpQR OHYyXWLP QDMYHUH NROLpPLQH 6&)% SURL]®
fermentacijom neprobavljivih ugljikohidrata, tzv. vlakakaja dospiju u debelarijevo bez

da se hidroliziraju i apsorbiraju u tankom crijevu. Gotové&o3teresorbiranih ugljikohidrata

koji dospiju u debelo crjevo SUHUDYyXMH VH EDNWHULMVNROP. IHUPHQ
1DM]QDpDMQLML L]YRUL 6&)$ VX UH]JLVWHQWQL &aNURE \
JDODNWRROLJRVDKDULGL D Q DYVLSYIDGVDXM R BPAMYRBEAtELIINY H E L R W L
FULMHYQLK EDNWHULMD QDMYDAaQLML VX (kpmrotite}i QHUJIL N
SRVMHGXMX DQWLRNVLGDWLYQD L SURWXXSDOQD VYRMVV
UDYQRWHAaH Brium&nDgeu3tiavih(or SULWRP QDMYHUL L]JYRU HQH!
SUHGVWDYOMD EXWLUDW 1DNRQ IHUPHQWDFLMH FULMHYQ
koje se transportiraju u epitelne stanice putem aktivnih i pasivnih transportnin mehanizama.

SCFA se zatim prenose ddaljenih organa i tkiva putem periferne cirkula¢ig?).

Dva su mehanizma kojim SCFA djeluju na funkciju stanica: aktivacijopra®einskih

transmembranskih receptora (er@iprotein-coupled receptor<5PCR i inhibicijom enzima

histonskih deacetilaza (englhistone deacetylase$iDAC). Receptori *3&5 VX NODVLpQL
WUDQVPHPEUDQVNL UHFHSWRUL L]JUDAHQL QD UD]JOLpLWLP
GPCRa, poput *35 *35 L *35 $ NRML VX L]JUDAHQL,QD UD]
XNOMXpXMXUL NRORQRFLWH DGLSRFRL\®Y. V&ahjeWSFEALOH OHR
na GPCReceptore DNWLYLUDMX VH VLIJQDOQL SXWHYL NRML LJUDM
VWDQLPpQLHKNEGHRNFINFLMD L XSDOQLK SURFHVD VWRJD LPI
XSDOQRJ RGJRY RU®). G RirRgeudtrgnp, inhibicija HDAGd strane SCFA,

SRVHELFH EXWLUDWD LPD GUXJDpLML PHKDQL]DP GMHOR
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XNODQMDQMH DFHWLOQLK VNXSLQD V KLVWRQVNLK SURWH
transkripciju (101) Inhibicja HDACGD RPRJXUXMH SRYHUDQX DFHWLODFLI
RODN&ADWL LOL LQKLELUDW LU WhtekQurrinosnddeliskava, RIGbitiay H Q LK .
HDAC-D PRaH XWMHFDWL QD liGfaditd WeHrqoEwadiiD Funktia drubkhJ

imunosnhVWDQLFD SRSXW GHQGULWILIN Dkle/ Wiaqld Aa[EACRP DN UR |
receptore inhibicja HDAC-D GYD VX UD]OLpLWD P H{etapalikijewiRMLPD 6 «
bakterija) reguliraju imunosneodgovore SULWRP GMHOXMXUL inQuboshiKk QNFLMH
stanica PLMHQMDMXiL QMLKRYX JHQVNX HNVSUHVLMX WH S

proliferaciju i apoptozug7).

UL URIignth@st XNOMXpXMH SUHSR]QDYDQMH PLNURED SXWHP
uzoraka (englpattern recognition receptors 355 NDR &aWike nNceptomR @IAR).

Vezanjem ligandana TlHe 6&)$%$ SRWLPpX OXpHQMH SAJIR-XSD/ARPLK FLWR
migraciju neutrofila te fagocitoz{97,99) 6&)$ XWMHpX QD GHQGULWLpPNH °
LOQWHUDNFLMX V 7 OLPIRFLWLPD ,VWUDALYDQMD SRND]XM
SURSLRQDWX XWMHpX QD SR Miinpodia X Teedliiifoditd @ Shhadiim LM X QL
efektorske funkcije Th2 limfocita99-101 .OMXpQD XORJD 6&)% X VWHpPHQ
SRMDpDQR VWiMDADQMHP DMNHINOMXPpQR SURWXXSDOQR GMH
Treg limfocita XRpHQ MH NRG E R®KYCIPAN GPEOR ree8ptorisu WDNRYyHU
LIUDAHQL QD PDVWRFLWLPD NOMXpQLP VWDQLFDPD X UD]
GPCRreceptoreQD PDVWRFLWLPD L QD WDM QDpLQ LQKLELUDW
odgovora106,1®). 2VLP WRJD LVWUDALYDQMD VX SRND]DOD GD RV
inhibicija HDAC-e PR4H VXSULPLUDWL DNWLYDFU3X L GHJUDQXODF

Studije pokazuju da su rodoWRuminococcus, Roseburia, Eubacterium, Lachnospira,
FaecalibacteriumJODY QL SURL]Y RD B LRERW L U\DWIEISeLavidli£omd X
LGHQWLILFLUDOL VPR VWDWLVWLpN RuiihbDcoczisRRsePpi®p M X 1DV
Eubacteriumu ispitanika s KSURP 3 URWXXSDOQL XpLQFLnjilexoWwLUDW D
sposobnosti inhibicije aktivhosenzimaHDAC-D &@WR GRYRGL GR VPDQMHQWN
proupalnih citokina poput TNE -6 IL- X] SRYHUDQMH SURL]JYRGQMH SUR
poput IL-10 9810). AWRYXaAMYUYHQR MH GD EXKAWhWaAHIAG O GRMWELLRHD Q|
ekspresiju gena FOXP3 u naivhim CDfHimfocitima, NRML MH NOMXpDQ ]D DNWLY
Treg limfocita(101).
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9DAaDQ IBNMWMRRYHQH LPXQRVWL MH L RpXYDQ LQWHJULWHW
LQWHJULWHW FULMHYQH EDULMHUH OXpHQWIH RR®QADLYPDLQIN |
PYUVWLK YH]D L]PHyX0OHS OW &D@ XKVWI\WBRMFQD LQWHJIJULWHW
bakterije iz rod&Butyricoccus 8 QDaHP LV ButyriécccsMEMRADPpDMQR VQLAHQ X
bolesnika s KSURP 6O0OLpQRcWRPXW (H VXUDGQLFL SULND]DOL VX
zastupljenosButyricoccusbakterija L SRMDpDQ X S U RS boleshRay $Wupglbim M HY D

bolestima crijeva(131). & KDQJ L VXUDGQLFL SRND]DOL VX HNVSHUL
Butyricoccus aktiviraM Xtiehsmembranske receptore i transportere za SCFEREROMAaDYD
NOLQLpNL LVKRG NRORUHNWDOQRJ NDUFLQRPD 7DNRYH
Butyricoccus pullicaecorunK OLMHPpHQMX NRORUZNWDOQRJ NDUFLQRPL

Nadalje, SUHPD QD&HP lalafivhaDzastiplleQdst Xodarevotella VQLAHQD MH L
salivarnoj i u crijewoj mikrobioti bolesnika s KStdm, u usporedbi s kontrolnom skupinom.
Prevotellaje gramnegativna anaerobna bakterija koja pripada koljacteriodetesL. Y DAQD

MH VDVWDYQLFD VDOLYDUQH PLNURELRWH D LPD VSRVRE
,VWUDALYDQMD VX SRND]D O PreGEzlla\bektevije) Vndghl izolWal QL YD U QL
PLNURELRPX VWROLFH &aWR VXJHULUD GD SR\XNeRBL LJUDY
mikrobiote 133 8 QDWRYp Y HO LN Rosia RiewstallX GoQlivhbisQeRodjdvlieno vrlo

PDOR LVWU D aPrgvotélixuDjudskenOdrganizmu. Ove bakterije pokazuju pozitivhu
povezanost s prehranom bogatom biljnim vlaknima i ugljikohidratima, dok su manje
]IDVWXSOMHQH X SRMHG L QGDflimal khinokideliraddiokse podbnd R J D W
RPpLWXMH X SRSXODFLML NRMQJDSH &8 8 WHIKQRGFHHeGUADYD
UDILQLUDQLK &aHUHUD PDVWL iLp&eMDRWLQVRELRWDHDMMGD R}
bakterijama iz roddrevotella(133). Rod Prevotellau crijevima, posebno vrstarevotella

copri, SRYH]IDQD MH V SUHKUDQRP X NRMRM GRPLQLUD YHUOL X
i vlakana (33,134). Studije su pokazale dasobes crijevnim mikrobiomom bogatim
Prevotellomimaju koristi u gubitku tjelesne mase te smanjenju razine kolestetd#. (

9D aQmavtellaeX SUREDYQRP VXVWDYX VXJHULUD L pLQMHQLFEC
proizvoditi SCFA(poput propionataL] ELOMQLK SROLVDKDULGD &aWR SULG
L FULMHYQRM KRPHRVWD]L OHYyXWLP SRVWRMH L NRQWL
identificirane patogene vrstBrevotellae, pojedine vrste su identificirane u bakterijskim
YDIJLQR]DPD RGUHYHQLP PHWDEROLpPpNLP EROHVWLPD DXW
plaka, nadirektna povezanost nije dokazan83,134). Stogapotrebonssu GDOMQMD LVWUDa

ovih bakterija kako bi se ragetlila njihova uloga u zdravlju i bolesti.
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2) Salivarna mikrobiota

3UHPD QD&HP LYW QDM MD/MMOS OADHOQ YD QIR MHRDRELRWL X
V N X SVRIHU P L FDOMDHRWY H U RQESNHRAQM @ BB BWHREDFWHULDL )XVRE]
$FWLQREDBWHUL@WEROHWPLNH D .68 UHO DRWL YNXDRO MHVQADX
3URWHRED OWIHURY LK SDWRJHQLK URGRYD X RGQRVX QD ]«
VNODGX MH V UH]XOWDWLPD QD&HJ UDQLMHJ LVWRWPDALYDQ]
JGMH VPR PLNURELRWX DQDOL]JLUDOL G B/X3 DELIMRA PR O H N X
,VWUDALYDQMD SRNBDYRMM REERG KERMBHOM LND V DVWPRP L
EROHVWLPD WHBURWHBEBBEMY MEI®BMX HNVSUHVLMX JHQD |D
WDM QDpLQ GRSULQRVH XSDOQRM NDVNDIRY K ilLDOJ YERIMRM D, O H
L 7K OLPIRFLWD NRML RWSXaWDMX WH FERWRN LEQWR RO P HQM
QD GRVDG QHSUHSR]QDWX D SRWHQFLMDOQR JDpDMQX XC

1DUD]LQL SRWRGR.EBFWHKULDFMHDMWQR [DVWXSOMHQLMH X .68
LVWUDALYDQMD SRND]DOD VX YHUL XGLR RYH SRURGLFH X
-HGDQ RG URGRY X DRSYQR B RUREEKIDRPHU MH VWDWLVWL
]DVWXSOMHDLL ¥R XHVIQR®PDUVAES QRF\WRISEO EBRWHDOD VH
DQDOLRENULY XAMRWHQFLMDOQL ELRPDUNHU 9¥iGLN®URR
&DSQRF\WRSKDIOQRP PLNURELRPX SRYH]XMH VH V GLMDEH
UDJMDEQMHQD WH MH PRJXUH GD L GUXJL IDNRUL SRSXW V
EURMQRVW WLK E D NRUHN M E RIGKEDRBIHO RMHHW DHEO VH QDALY X UD G
VX YHiX ]DVRXSORMH YRBRWDIDQRM PLNURELRWL EROHVQLND
EROHVWLD YHUD |[DVWXSOMHQRVW LGHQWLILFLUDQD MH L
&DSQRF\WRSKDJDMH HH®DHW.W 8 B L V &/BIER MWNDU Y UMD E
SDWRJHQRVWL VH GR VDGD PDOR ]QD ,]ROUUDGD MHDO YL
NDUFLQRPD D ]DELOMH&HQ MH VOXpDM VLVWHPVNH LQ
LPXQRNRPSURPLWLUDQLK EROHVQLND

Nadalje, redBulkholderia(koljeno Proteobacterid, kao irod Kingella koji pripada tom redu
]QDpDMQR VX |IDVWXSOMH Q L-dh. ROdKimgI8 RG X EYRIDIHDV QHNR YL N6 R
od kojih je Kingella denitrificans povezana s baktgmijom, endokarditisom,
korioamnionitisom i granulomatoznim bolestima u imunokompticanih bolesnika 140);

Kingella oralis MH NRPHQ]DOQD EDNWHULMD X azvifMlaBoSOMLQL
parodontitisom, dok j&ingella kingagep HVW X]JURpPpePLMBEDNEMHFH WH YRGHI
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RVWHRPLMHOLWLYV kRoddjyce Sduhi pd\6RIA 3B tdjegesd@iMdkoddemaQ Dja R
analiz RYDM URG SRND]XMH SRWHQFLMDOQX GL&MDUQRVWLPN X
Kingellau etiopatogenezi KS\H WHN VH WUHED LVWUDALWL

Na razini rodaStreptococcuM H UHODWLY QR V QL dorGtrEptad@uis vh@ans D V .6 €
je, VXNODGQR GRVDGD&AQMLP LVWUDALYDQMLPD R VDVWDYX V
relativno zastupljeniji u skupini bolesnika KSU-om (48,49,25), dok su Streptococcus

salivarius i Streptococcus sanguiiiS R]|QDWL NDR NRPHQ]DO QHelB&t®DNdWHULMH
manje zastupljeni kod bolesnika s K8ch D VWDWLVWLpPpNL [SrBddddddd@R VQL AL
sanguinisu slini bolesnika pokazala je iBfSe analizaStreptococcus salivariut PD YD aQ X
XORJX X REUDQL RG LQIHNFLMD X XVQRM axXSOMLQL 1MHJIF
GRSULQRVL VWYDUDQMX EDULMH WSttepidRdddds ¥avdaiaH RAMD X OD
proizvodLWL DQWLPLNUREQH WYDUL XNOMXpXMXuL EDNWHUL
EDNWHULMD 2YDM PHKDQL]DP SRPDaH X ]DaAWL@AL.XVQH &
Streptococcus sanguinjgdanje RG SUYLK PLNURRUJDQL]DPD NRML VH Y
sudjeluje u formiranju zubnog plaka. Ukupno gledasimeptococcus sanguinkPD VORAHQ X
ulogu u usnoj mikrobioti. lako neki sojevi mogu sudjelovati u procesima koji dovode do
NDULMHVD YHULQD MH NRULVQD L GRSUHGRVYWR RGABRWGID ¥
infekcija (141). Streptococcus sanguini® RaH GMHORYDWL NDR DQWDJRQLYV
EDNWHULMDPD 1MHJRYD SULVXWQRVW PRaH RJUDQLpLWL U
koje uzroliju oralne infekcije.Streptococcus sanguinigia sposobnost vezanja za epitelne
VWDQLFH X XVQRM &XSOMLQL &a4WR PR&aH SRARUDvX VWYDU
VYRMVWYD GRSULQRVH SULURGQRM REUDQL RG LQIHNFLMD

Lautropia je bakterijski rod iz koljen@ProteobacteriaNRML MH J]QDpDMKER DV WX S
VNXSLQL V SRWHQFLMDOQRP YULMHGQRAauUX ELRPDUNHUD X
RYLK EROHVQLND ,VWUDALYDQMD SRND]XMXL&ifRopidsQ FLMD O
Q D U X drdu@dsRimsustavoma ]QDpDMQR YHUD ]JDVWXSOMHQRVW RYRJ

bolesnika s oralnim lichen planuson#gL

3UHPDIPQBEOWDWLPOLYODUQRM PLNURELRWLLGERQW YV QIEN.D D\Q
UHODWLYQR YHUH ]DVWXSOMHBRYSW\URKPKWERNED MW N UK X RJ
OHJDVSKHUD &HMRGWWINDWX EROHVWL XVQH &AXSOMLQH L
QDM]QDpDMQLMRK SKUVRMBRBSIO\URP R QD V 7DIUDIRHIDOLLY Q D

DQDHUREQDRKEDR VEMRL MBI NOMXp QLSHHRSIRDRIHDRY Rl QRN\RWI
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SURELMDQMD PXNR]JQH EDULMHUH L XODVND X VL3SVHPVNL
RP SRYH]XMH \VHP LERONSWQPD FULMHYD 9H U I
SRUSK\URPPRQBYD HMROHN®IGM DM WW WM U R \PNEGRIOBHB/ VRO Q L

NDUFL®RMNDUEDORPNHUDpPpH L BREJKGIHVWWURY ,VWUDALYDQM!
SRUSK\URPRQDVSBVMPHGEPOMHVYHOLNL EURM YLUXOHQWQLK
GLIHUHQFLMDBLMMRELWD X 70 LFIRFMIWEXaAaWDQMH SURXSDOC

)XVREDF WHFOHPWRPHIDWLYQD DQDHUREQD EDNWHULMD MH
X XVQRM 3XSOMLQL 8 SRVOMHGQMLK QHNROLNR JRGLQD
)XVREDFWHULXE OQQXMNRHBWXIR]DQ V UD]J]YRMHP UD]JOLpPLWLK
NDUGLRYDVNXODUQLK EROHVWL QHSRYROMQLK LVKRGD \
NDUFLQRPIEKHLPHURYH EROHVWL UHVSLUDWRUQLK LQIHNFL
9LUXOHQWQL PHKDQL]DP RYH EDNWHUJLMBM XOOGXNPBXMWY XN
WX P RULJXWRJED FW H U L X PS RMFHDGIOMAEK PD G KH]LYGH D QPGS DR M
YDVNXODUQL HQGRWHRDIEEORRR INDE MY L G YRR EDRWHU L X P
QXFOHDWRAPHQGRWHOQH VWDQLFH &WR VXJHULUD @D EL Kt
RG SXWHYD NRMH EDNWHULMH NRULVWH ]D &LUHQMH L] XV
SULMHOD] HQGRWHOQH EDULMHUH NOMDXKBQHNR YD R PHRF
RSLVXMH VLQHUJDXWR E® R VGHIHOEBRRXIWMOH R WRK® DN RIM B M D O
SRYHMIMER OH VWX 0 ML VWP B R DR W L

5.3 Povezanost salivarne crijevne mikrobiote

Ispitivanjem povezanosti salivarne i exipe mikrobiotepokazai VPR GD MH EURM ]DMH
WDNVRQD L]J]PHYyX VDOLYDUQH L FULMHYQH PooNUWDEBIURWH Y H
na zdrave ispitanikeTakav rezultasugerira da ssastavi ¢ dvie PLNURELRWH VOLpQL
EROHVQLND 7R EL PRJOR ]QDpLWL GD NRG EROHVQLK VW
mehanizmima kolonzira crijeva. Source Tracker amajpipkazala je da su bakterije koje
SRWMHpPpX L] VOLQH SULVXWQH as kKSUbmneyoluR@aviiHspkahikaU RM D E
Takav rezultat u skladu je sa rezultatima prikazanim Venn dijagraio, daljjom analizom
SRND]IDQR MH GD WH EDNWHULMH QH]QDWQR XWMBEABWMRKR QD F
MOAHELWL L SRVOMHGLFD QDA&ALK XNOMXphXMXW XK ILMX N & NKNROK
ispitanici bezparodontnihbolesti, oralnih infekcija i drugitupalnih proce® D YUOR pHVW
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upravou takvim stanjmaSDWRJHQH EDNWHULMH DNWLYLUDMX PHKDQL
NUR] VOX]QLPpNX EDULMHUX L XOD]JDN X NUYRWRN 7DNRVyHU
G Xp@robavnog trakta u tanko i debelo crijevgdje mogu utjecati na sastav crijevnog
mikrobioma. Source Tracker analiza ralato je nova metoda koja dizira povezanost

LIPHYyX GYD PLNURELRPD QR QH X]JLPD X RE]JLU YDULMDELO
o0 metodi sekvenciranja 6 WRJD RGUHYLY D Q MeHshotguw \seRvérziranjerl UR E L R
(sekvenciranm FLMHORJ JHQRPD prét2arigihimétdeldalispwiar(eMdrelacije,
SUXBHEWOML L NYDOLWHWQLML XYLG X SRYHMHRYSHEDNWH

54 KRUHODFLMD EDNWHULMD VD WHALQRP EROHVWL L NOLQ

KSU je dugotrajna iscrpljyi D EROHVW NRMD J]QDpDMQR RJUDQLpPpDYD
DNWLYQRVWLPD VPDQMXMH SURGXNWLYQRVW QD SRVOX L«
VQD 8 QD&EHP LVWUDALY DQ MXW DWASLLWNADLQidiakterPARD $kBoihid Q B F L M
bolesnika s KSURP V WHALQRP EROHVWL PMHUHQRP 8%$6 XSLWQ!
bolesnika (mjerenonCU-Q20L upitnikom). Tako rod Ruminococcus torquesegativno
NRUHOLUD V W kbajesDi®IEsnEiRsOnkaNjiW LudjelonRuminococcus torques

crievima LPDMX YHULRMWG6AWER ]QDpL YHUX DNWLSQRMWda L WHAL
se radi o bakteriji iz porodideachnospiraceae NRMD MH MHGQD RG JODYQLK S
]D RpHNLYDWL MH GD UH PDQMD |[DVWXSOMHQRVW RYH EDN'
WH SRVOMHGLpPpQR HrbfGzikaHIWERU B M DG RQHRV Lte pdjavy Rtk XSDOH
DQJLRHGHP ML,100MUPBS).4 D

Nadalje, X] SR PMRaaslin analiz SURXpDYDOL VPR SRYH]DQRVW EDN
parametrima relevanim za KSUu. Bakterije iz razredaClostridiae i porodice
Lachnocpiraceael crijevnoj mikrobioti negativndoreliraju saCRP vrijednostima odnosno
EROHVQLFL VD VQLAHQLP XGMHORP RYLK EIostidise plLNDBHI L P DM
]QDpDMDQ XGLR EDNWHULMVNH SRiBX® kbmerMdthi ¥dnBU4 M HY Q F
GRPDULQRP L YUOR YDAaQX Xo&t&d XrijevaRSco0ZArbnY ma@idtXip R P H
uloge Lachnospiraeae i Clostridiag RYL UH]XOWDWL SRWYUYyXMX YDAQRYV

bakterija samunosnimsustavom.

PorodicaPorphyromonadaceaeelativno je zastupljenija u bolesnika s K®lgh i pozitivho
korelira saant-TPO vrijednostima NRMH VX SRYLaHGQé¢snika S RIBHFRY EFH

obzirom da je u salivarnoj mikrobioti bolesnika relativzestupljefji i rod Porphyromonas
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gingivalis, pLM D MH L ighwWisshiistsEldvhprepoznata u brojnim oralnim i sistemskim
bolestima, ulogu ove bakterije u etiopatogenezi KAUELOR EL YULMHGQR LVWUDa

55 2JUDQLpHQMD L SUHGQRVWL LVWUDALYDQMD

.DR RJUDQLpHQMH QD&HJ LVWUDALYDQMD LVWLpPH VH Q
SUHKUDPEHQLP QDYLNDPD LVSLWDQLND R QDPLQX NDNR V
jesu li dojenite jesu li u djetinjstvu imali alergijske bolesti. Naipte su faktori koji mogu
XWMHFDWL QD PRGXODFLMX L FULMHYQH L VDOLYDUQH PLI
GREQD UD]J]OLND &aWR EL PRJOR XWMHFDWL QD UH]XOWDWH
mikrobiote mijenja s godinama. Nadaljez uzorak sline, kod ispitanika bi se mogli uzeti i
X]JRUFL EULVD XVQH aXSOMLQH MH]LN EXNDOQD VOX]QLF
sastav.3ULWRP YD&QR MH QDSRPHQXWL GD VX YLVRNL ILQDQFI
LVWUDALYDQMD RJUDQLPLOL EURM VXGLRQLND

SUHPD QDaLP VD]QDQMLPD RYR MH SUYR LVWUDALYDQMH N
mikrobiote u bolesnikas KSom. 3ULWRP MH NRULAaWH Qdekwérciranfa{ LF L U D C
NGS). 1DaL UH]XOWDWL XN D]X8hXinGD iznikedjéh\sestak L salivaree i

crijevne mikrobiote. Bolesnid KSUom LPDMX YHUL XGLR VDOLYDWQLK EDN
RGQRVX QD JGUDYH LVSLWDQLNH &WR ]QDpL GD X EROHVC
crijeva i potencijalno doprinosi aktivacijimunosnogV XVWDYD 7DNRYyHU LGHQW
EDNWHULMH NRMH EL PRJOH LPDWL XORJX ELRPDAMNHUD X C
D SULND]DOL VPR L NRUHODFLMH 1QDpDMQLK EDNWHULMD X
i anttTPO antitjelima VXJHULUDMXuL SRYH]DQRVW GLVELR]JH PLN
etiologijom KSU-e.

RH]XOWDWL QD anhbgli bi\ddpriniza haparigdiuBmjerenim prema rasvjetljavanju
ulogemikrobiote uregulacijiimunosnogsustava etiopatogenéKSU-e.

'DOMQML LQWHJUL U D RQILRSNRLIV S/a@EzbtxpiMiBdDia ma iDk@rivbXaciji s
metabolonemkod bolesnika s KSURP SUXAaLW wHIdgRIBHbzeutazop KSU-

e, a potencijalno iIRWYRULWL PRJXUQRVW LQGLYLGLXDOQRJ WHUL
PRGXODFLMX PLNURELRWH VYPPLOMSREREROHEDQMDQNDD UL W3
bolesnika.
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9HULQD VO X p-b Mbésdovara8 jamunosnim mehanizmima koji dovode do
GHJUDQXODFLMH PDVWRFLWD NOMXpQLK VWDQLFD X HWLR.
YDaQX XORJX X PRGObdaagristataUDYQRWHAL

1) SHIXOWDWL QD&HJ LVWQDRADMQE MDD BRINDH DOV DAMWDY X FUL

LIPHY X ER O H \@rLi Xdpawvih ispitanika.

X Kod bolesnika s KSkbm smanjena je alfa raznolikos@ WR X N\nB |iKavijid
raznolikost bakterijskih vrsta unutar crijevne mikrobidtelesnikau usporedbi sa
zdravim ispitanicima.

X Analiza leta raznolikost pokazala fa susastav crijevne mikrobioteu bolesnka s
KSU-omVOLpPpQL L GD VH UD]JOLNXMX RG VDVWDYDaWUWRLMHY (
XND]XMH QD GUXJDpLML EDNWHULMYV NdamV Ddnvgbbna X FULN
zdrave ispitanike.

X ,GHQWLILFLUDOL VPR ]1QDpDMDQ SDG |[DVWXSOMHQRVW
PLPEHQLND X RGU aibwnospdgXstavB.Y QRWHaH

X Rodovi Eubacterium eligens, Rosebuiid.achnospiraeae NK4A136su potencijalni
GLMDJQIRRSWRP N R vidtkerp2d KSEWL R

2) Sastav salivarne mikrobiote razlikuje se L]PHYyX ER OHYV @mNiDzdrdvih 6 8
ispitanika.

Xx 5D]J]OLNH X VDOLYDUQRM PLNURELRWL-oin]P ijaXihVNXSLQ
LVSLWDQLND RPLWXMX VH VWDWLVWLpPpNL ]QDpDMQLP
bakterijskih vrsta, rodoyagorodica i reda.

X lako je bakterijski sastav sline u skupini bolesnika manje raznolik u odnosu na zdrave
ispitaQLNH UD]JOLNH QLVX VWDWLVWLpPNL ]QDpDMQH

X Na temelju analize beta raznolikgshiolesnici s KSUWom i zdravi ispitanici nisu
SRND]DOL WHQGHQFLMX JUXSLUDQMD SUHPD VSHFLILY
mikrobiote.

x Salivarne bakterije Capnocytophaga leadbetteri, Lautropia i Kingellanaju
SRWHQFLMDOQX GLMDJQ RW W9 Infidwa uYogu Maddp liplesti ek |D . 6 8
WUHED LVWUDA&ALWL
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3) ,VSLWLYDQMHP SRYH]DQRVWL VDOLYDUQH L FULMHYQH PI
podrijetlom iz sline kod bolesnika s KSUom X RGQRVX QD JGUDYH LVSLWD
] Q D p Lkdd b&d3nika s KS¢dém YHUL EURM EDNWHULMiDu@dhégO XMH Q

sustava u crijevima.

5HIXOWDWL GRELYHQL RYLP LVWUDALYDQMHP #®ND]XMX C
postojanjemKSU-e 8 OLMHpPHQMX ER® HYXAIND WH.PXOWLGLVFLSOL
LVWUDaALY D Q Mdbaligy saMadd PFHRIBDX QDFLMX PLNURELRPD SRWHQFL
razvoju dodatnhGLMDJQRWWUPSLMVYNLK RSFLMD X OLMHpHQMX RYI
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8. a,92723,%$POPISOM OBJAVLJENIH RADOVA
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'LDQD GHVLU URYHQD M Hyodine O BMWIRDSNDRAD |IDYUAHQH RSUH JL
2008. godine upisala j®ledicinsk IDNXOWHW 6Y H Xp & @014 WtéklaXje z@adje) HE X
doktora medicineSpecijalizaciju iz dermatovenerologieD SRpHOD MH uKliniclzZRGLQH
NRAQH LBERSRHOWQWHL .OLQLpPpNRJI ERO QL p NTRjdkdarHsQedijalizacheH VW U H
]JDYUaLob MH SRVOLMHGLSORPVNL VWUXpQL VWXGLM L] GH
6YHXpLOLaAWD X =DJUHEX D JR G L @bU7SdodrR apial@ jMH VSH
SRVOLMHGLSORPVNL GRNWRUVNL VWXGLM L] SRGUXpMD %
IDNXOWHWX 6YHXpLOLAWD X =DJUH&kkvno7je BuHdldiRd&tauGRNWR U
znanstvenoLVWUDALYDpPNLP S UR Md fakiltel D6 YSR\XFaR D W a@IR & N R
A2ELOMHAMD PLNURELRPD L NYDOLWHWD ALYRWOLBERIBEQ O L
PLNURELRPD NRaH NRGIEROMMDOIQIND G HERDWRWLVRP3 $XWI
znansYHQLK pRPMPDKWOMHQLK X YLVRNR LQGHN VkobgiegnihP ]QDQV
V D & HiwoDl&va u knjigamaAktivno SXGMHOXMH X VWUXPpQLP XVR2YUADYD(
SR G U X p MiererdlagfeD WO D Q LFODRMNNRJ GHUPDWRYHANWYRORANRI
+UYDWVNRJ GHUPDW R YMhReHedRa@eRlj@de RRbkE iUied W Y D
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Popis objavljenih radova:

Publikacije:

¥ GHVLU/XJIJRYLO OLKLGO / 2JUHWLUG 3 /RMNLUO, %XOMDQ O
' OLMLUO $ *DOLU 1 7DPELU $QGUDA&HYLU $ $VVRFLDWL
ChronicSpontaneous Urticaria. Life. 2023;13(6):1280. UDG SURL]DaADR L] GRN

rada)

f OHVLO/XJRYLO OLKLG / )HUpHN , *YHULO *UJLQLO $ -H
$QGUDaHYLU $ 6DOLYDU\N OLFURELRWD ,V 6LJQLILFDQ)
Chronic Spontaneous Urticaria Compared to Healthy Controls: Preliminary Results.

Life. 2021;11(12):132. 4 UDG SURL]DaADR L] GRNWRUVNRJ UDGD

¥f . ULAWR 0 /XJRYLUO OLKLUO / OXxR] 0O 5XSQLN O ODKQLF
0 HV L Kuha M. Gut Microbiome Composition in Patients with Chronic Urticaria: A
Review of Current Evidence and Data. Life. 2023;13(1):{&2.

¥ )HUpHN , /XJRYLUO 0L¥KQ@UD &HIMMEIL® *UJLQLUO $* %HAEOLU
Mravak 6WLSHWLUO CAWHKDWRRL U , %XQWLU $0 yLYOMDN 5
Microbiota in Common Inflammatory Skin Diseases. Life. 2021;11(9):Q&2.

¥ /IXJRYLU OWUKAMILO9OXNRYLUO 3 1RYDN %LOLUO * 4AaLWXP 0 &S
development: current knowledge on melanoma pathogenesis. Acta Dermatovenerol
Croat. 2019;27(3):1636.Q4

T /XJRYOLKLGO / 'XYDQpLU 7 )HUPHN , 9HENRKiIDiug3 -DSXQ
photosensitivity: a continuing diagnostic challenge. Acta Clin Croat. 2017;56(2):277
283.Q4

f ~-HUNRYLUO + 0OWHMBE@LW XP 0 7KH SV\FKRVRFLDO EXUGHQ
CASA fMedical Sciences. 548=8&7 (2021): 98103.
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Kongresni VD&HF L

¥ OHVLU/XJIJRYLO OLKLGO / 2]JUHWLGO 3 6RPH RthiihkdtyPDLQ S
acids acids are decreased in patients wittonic spontaneous urticaria. Simpozij iz
NRQWDNWQRJ GHUPDWLWLVD DWRSLMVNRJ GHUPDWLW
reakcija preosijetljivosti na lijekove, International Contact Dermatitis Research Group
(ICDRG), Split, 31.0302.04.2023.

¥ /XJRYLUO OLKHML Altered gut microbiota composition in patients in patients
ZLWK FKURQLF XUWLFDULD WK &RQIHUHQFH RQ ,QQRY
Rim, Italija, 07-08.09. 2023.

f OHvVLOU7DPBAQGUD&HYLU $ )HUPHN , %H&aOLUG , ,0OLO , 'H
OLKLG / $VVRFLDWLRQ EHWZHHQ VDOLYDU\ PLFURELRW
RXU UHVXOWYV NRQJUHV KUYDWVNLK GHUPDWRYHQHL
Vodice, 05-08.05.2022.

¥ )HUpHN , 7DPELUO $QQGUD&MMDWLIDSL *YHULO *UJLQLUO $ %H
5 /XJRYLU OLKLUO/ &KDQJHV LQ WKH PLFURELRPH LQ SD
VNLQ GLVHDVHYV NRQJUHVY KUYDWVNLK GHUPDWEF
sudjelovanjem, Vodice, 008.05.2022.

t 'HOD& $4aGDMLUO 0 .RVDQRYLUO /LpLQD 0/ wH&QJuG', ,0L
IXJRYLU OLKLGO / 7KH WUHQG RI L QHepidemidddjiGal dddddD ELHV F
IURP &URDWLD NRQJUHV KUYDWVNLK GHUPDWRY

sudjelovanjem, Vodice, 008.05.2022.

¥ OHVLUO/XIRYVLKLGO / &KUR Q-lirfpaXtowduslity dflliiz5th Croatian
Congress of psychodermatology, Zagreb;@209.2021

¥ /I XJRYLUO OLKLUO / 3RQGHOMDN , 9% XNWLiiinfluepeX@DW 9 )
associated diseases on skin disease outcomes in patients with chronic urticaria and
nummular eczema. 298ADV & RQJUHVYV Y L UWIXID.2D20.% H p
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I %RODQPODVEU.DNR VSULMHpPLWL VWDUHQMH NRaH" %ROH
L XVQRM axXxsoMLQL =DJUHE

+ 3UNDPILHNVLUALWXP 0 'HGLRO -jzafdy za\pbsRiGjkh|d Bijayhore.
3URVLQDpPNL VLPSR3L0A8. =DIJUHE

¥ /IXIRYOLKLG / 'XYDQpLU 7 %XODW 9HVU iaalirungab i X NY L G
our chronic urticaria/angioedema patientsow did it change their quality of life? 6.

NRQJUHVY KUYDWVNLK GHUPDWRYHQHURORJD ¥ PHYyXQ
07.10.2018.

¥ %ARODQpBV&AU IDMpHAUL HVWHWVNL ]DKYDWL SRPODVYLY
SURPMHQDPD QD OLFX L XVQRM aXSOMLQL =DJUHE

Poglavlja u knjigama:

¥ %RODQpBVEU (VWHWVNL ]DKYDWL X GHUPDWRORJLML /

VXUDGQLFL %ROHVWL NRAaH V SURPMHQDPD QD OLFX
2017.

¥ -HUNRYLU + GAWHIEADALIW XP 0 3VLKROR&GNL DVSHNWL L NYL

od urtikarije. / XJRYLUO OLKLGO / VXUDGQLFL 8UWLNDULMH L HJ
naklada; 2021.
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Prilog 1.
8SLWQLN ]JD PMHUHQMH DNWUASRVWL L WHALQH XUWLNDULN

Urticaria Activity Score (UAS7)

DATUM: SE/ ZK: hzd/< = E s/ /Ed=BUASI d "

g
N
.

O O o o o o o m
L e
NN NN NNN

W W W W W W W

+

O O o o o o o

S = T = S SN
NONNNNN

W W W W W W W

O=EH] SRMDYH XUWLND EH] VYUEHAD

1=mali broj urtika (<20 u 24 sata)f ODJL VYUEHaAa
2=umjeren broj urtika (20 X VDWD XPMHUHQ VYUEHAa
3=YHOLNL EURM XUWLND ! X VDWD LQWHQ]L
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Prilog 2.
8SLWQLN R NYDOLWHWL ALYRWD EROEWQbINUPithikp) NURQLPQRF

OROLP 9DV GD LVSXQLWH RYDM XSLWQLN 9D&L RGJRYRUL |

GD XYLGL NROLNR 9D3D EROHVW XWMHpPH QD 9D&X NYDOLW!

NRML QDMEROMH RSLVXMH VYDNX RG V Ce\botiGvainalod 1\iwV Y D U L
JGMH R]JQDpXMH 8230( 1( GRN R]QDpPpXMH 95/2 012*2

8 VOMHGHuULP SLWDQMLPD RGJRYRULWH X NRMRM PMHUL VX
QLVX XRSUH VPHWDOL ]DRNUXALWH D XNROLNR VX YDV V

1. 6YUEHA

12345
2. Urtike

12345
3. 2ZWLFDQMH RpLMX

12345
4. Oticanje usana

12345

8 VOMHGHULP SLWDQMLPD RGJRYRULWH X NRMRM PMHUL 9
aspektima:

5. Urtikarija remeti moj posao
12345

6. SBUWLNDULMD UHPHWL PRMX IL]JLPNX DNWLYQRVW
12345

~

Urtikarija remeti moj san

12345

o

Urtikarija remeti moje slobodno vrijeme

12345

©

SUWLNDULMD UHPHWL PRMH GUXaWYHQH RGQRVH
12345
10. Urtikarija remeti moju prehranu

12345
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8 VOMHGHULRGLRWMRQMMWH X NRMRM PMHUL VX VLPSRWPL XL
SRWH&aGNRuUuDPD L RJUDQLpHQMLPD

11.Imate li problema s usnivanjem?
12345

12. % XGLWH OL VH WLMHNRP QRUL"
12345

13.2VMHUDWH OL VH OR&A&H WLMHNRP GDQD MHU VWH ORAaH
12345

14.Imate li problem s koncentracijom?
12345

15.2VMHUDWH OL VH QHUYR]JQR™"
12345

16.-HVWH OL OR&H UDVSRORAHQL"
12345

17.-HVWH OL RJUDQLpPpLOL RGDELU KUDQH"
12345

18. 5 HPHWL OL XUWLNDULMD YDaH VSRUWVNH DNWLYQRVWI
12345

19.Imate li problema s nuspojavama lijekova?
12345

20. Jeste li se ikada osramotili zbog simptoma urtikarije?
12345

2. 2VMHUDWH OL VUDP NDG LGHWH QD MDYQD PMHVWD"
12345

22. , PDWH OL LNDNYLK SUREOHPD SULOLNRP NRUL&AWHQMD
12345

23. PDWH OL RJUDQLPpHQMD SULOLNRP NXSRYLQH RGMHUH
12345

Ukupni CU-Q2oL zbroj:
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