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Thyroid and Gut Microbiome
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The gut microbiome affects the enterohepatic recycling of thyroid hormone and the metabolism and absorption
of micronutrients including iodine and selenium. Changes in thyroid function trigger changes in the neuro-muscular
function of the gut, resulting in a two-way interaction that affects the composition of gut microbiome. In recent
years, based on animal experiments and prospective clinical studies, many possibilities have been suggested that
the influences in naive immune cells differentiation or increasing permeability of proinflammatory cytokines and
endotoxins to blood due to intestinal integrity disruption may affect the progression of autoimmune thyroid disease
or thyroid cancers. In this review, we focused on refining the progression on the hypothesis that there is a link

between the gut microbiome and the thyroid gland.
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2= = A F714YE -‘—E_ka.(next generation sequencing,
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ol gl tigt A7t ve FIsHA olFoA T Yt

AA 9] Fd wto] A Z2uto]29] 99%7F Altol,” Al
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A= Qtth(Fig. 1). 7Rt AR A Well=

Bacteroidetes 0] 7} W2 H|E& X}X|5}1l, Proteo-
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A=d), A A9 W Helicobacter pylori©] ]38 CD4+ &
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Example 1.
Beneficial bacteria

Example 2.
Potentially harmful bacteria

Firmicutes Verrucomicrobia

Clostridia Verrucomicrobiae

Clostridiales Verrucomicrobiales

Oscillospiraceae Akkermansiaceae Enterobacteriaceae Fusobacteriaceae
Faecalibacterium Akkermansia Escherichia Fusobacterium
. Faecalibacterium Akkermansia Fusobacterium
Species o e ichi i
p prausnitzii muciniphila Eielireritdiff @l nucleatum

Metabolic disorders
Inflammatory bowel
disease

Inflammatory bowel
disease
Colorectal cancer

Related diseases

Proteobacteria
Gammaproteobacteria Fusobacteriia

Enterobacterales

Colorectal cancer

Fusobacteria

Fusobacteriales

Fig. 1. Bacterial taxonomy
classification.

Colorectal cancer
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ol= go|2 g Ao}o]Ad (deiodinase isoform)d} 221
g t}7E-A2tolA | (ornithine decarboxylase) 52 &40
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function
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thyroid function?
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Development and
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=9 A4 CD4+2} CD8+ TAH|Z7} ZAAE AL Thid}:
Th2 AE20] E5lo] Bgo] 2HFAL™ Th7 Al
X7 0] BSlE Ho|Z| %’ﬂ,SS) ZA TAH %E(regulatory T
cell) B3/} ZHaso] B UE QT Bacteroides fragilise}
= #59Y UEF A 2AE 3l Thid}k Th Al £+t
@o] JEH I, LR ClostridiumZE| Osto] 24 T Al
T 2ot sk AFe A diks Al mlola=
Hpo]Zo] HAA| Al A5t FF= v S83H =
1 9ok Ay vpo]a sl o] AVFP TN R} 24
YIA|L Afo]9] vl&g AW B 2] Halo}
Aol Fofshe Aol RuE

ZFFoNA= Gl vho]Z2Ho]go] e, T
HFXAH(short chain fatty acid) T+ AR T (lipopolysac-
charide, LPS), HE] =227 H(peptidoglycan) T} 72 &4
= B9l 59 HAAAE 28T 5= 20l EEA 3
o ti#AQl A&, I3 vte] AZHE 5k /&
491 -G (LPS)= Toll-like receptor 4 (TLR-4)2}
nuclear factor- kB (NF-«£B)S &ASR]7]11 Y&=4A9Y
HHE Ao, SfATARS S|AEH o E ]
(histone deacetylase)S A5} 7 -interferon (7 -IFN)
& ZHAA]Z|AL naive CD4+ TA|ES} 2E TAZE =
M7 A8E Sk Sunerclla #+E- H6) HAF

Effect on
tumorigenesis?

Impairing
homeostasis of
immune system

Increasing
intestinal wall
permeability

SFB: Segmented filamentous bacteria Fig. 2. Interaction between
LPS: Lipopolysaccharide

gut microbiomes and thyroid.
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olt}t. TH-E ZH)] Firmicutes@} Actinobacteria & =<7}
17121 Bacteroidetes@} Proteobacteria 2 ZHAA|ZI 0 24
A=A A9 Bol=E £ZIX7\AL, Yersinia enterocolitica 3%
2 9] Al Quto]] EAste E ¥ (porin) T

o
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[e]

2¥e fEsIE Guk o] 447t wol EFY
=

geotE BoiER] EajARbto] S7tsto] AUl At
£ I3 T&y), o|= Escherichia colis ESFSE Entero-
bacteriaceac 0] R ZAE AN folgt
Bacteroidetes -2 Z7HA]Z &= ok H? @2 Loy
Y9 TVt AEY AR I AFHEEE ¥k
tHEAQl Halg, ol AW Escherichia coli = Cam-
pylobacter jejuni 22 YA Alat(pathogen)S S7TA|Z
S

0|9} Zro] theFet 2 IRt ofgt AU mho] S22 HE
o Hok=, WAL Zalet &4 HIkE Foto] 11
FojBarg o] Il JFE vE & S A2R oA
Aok FE o] BAR 2ol A mlo]a zHlolg
HStof| diet A= A (Table = T1FO]EA
g 2] AU vho|2Hlo| &0 FHEeF tf/do]
BE ZASIAL, 1 F Su 57 ddlo|Ba gl
A Yol =2 1] 2k (propionic acid)& A= 9ES
S= Bacteroides fragilis YCH46 o-59] 7449 A& A}
o]t Y 2w 24H(propionic acid)9] A4, B U
Th17 A& 3712} 24 TAEZ #44 A4S BEQtky B
ST AR Th17 A|LO| 2449} 24 TA|Z

Table 1. Current results of studies about gut microbiome in patients with Graves'disease

Numbers of

1° Author )
patients

Country, year Hetied

Indices of gut
microbial diversity

Decreased bacteria
in patients’ gut

Increased bacteria
in patients’ gut

(Controls) in patients
Zhou L. Real-time PCR for 14 (7) Not analyzed Enterococcus Bifidobacterium,

China, 2014 5 targeted genera Lactobacillus

Ishag H.M. High-throughput 10 (10) No differences Prevotella 9, Alistipes,

China, 2018 sequencing Haemophilus Faecalibacterium,
Haemophilus
parainfluenzae

Yan H.X. High-throughput 39 (17) Decreased Bacilli, Ruminococcus,
China, 2020 sequencing Shannon Lactobacillales, Rikenellaceae,
diversity index Prevotella, Alistipes
Megamonas,
Veillonella
Su X. 16S rRNA gene 58 (63) Decreased both 7 genera including 33 genera including
China, 2020 sequencing indices of Prevotella Bacteroides and
richness and Alistipes
diversity
Jiang W. et al. 16S rRNA gene 45 (59) Decreased both Bacteroides, Blautia, Anaerostipes,
China, 2021 sequencing indices of Lactobacillus Dorea, Eubacterium
richness and halli group,
diversity Anaerostipes,
Collinsella,
Ruminococcus

torques group
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7 S FESAEES @ ZAeE diHe
Bacteroides fragilis7t 7443 Zlo] 10| BEAH Q] Wrof
7105k= F8%t 71459 st Aol AASHA
ok JEu, B4 g 271 Adeola, U] of
S ARk H 50| EAsks A, 1ol HAR FHE
H Az EE Ao AU rlolaEHtolZof
T A 5 USS IHSIE wl, AT A9}
718 85| Yeixe, et B2 71 A7t olF
o Ao & Zlo|t}.

Z1Elo] HAR BERLO] 10-50% FollA] FHlshE 19
ol REFE Qo] HgobAlE viol walE 1At
AAFEER 28A0] PIAATANIAE 2
of oz Bl dg fushs Agton " o %
5% AE= 5 E-FZ(moderate-to-severe) 2] QHHZ0
2 yepdoh” dgo|lua hEELe AV oA
N7 ofd, HAAA o)/l olsto] Wsh= A or
A QUek” IFARTANGIA 7 SEAE F5to]
Az W ATHGAAE SHAH 02N ek U]
ABE STAZIAWY 584 2ol ek mest
2S UoA orkxZ Wof Thl (IFN-7, TNF-«,
IL-1- 8, IL-6)TF Th2 (IL-41L-10) A|EAT Ao]E7}ol
Sof guE FAAAGE AT ATE0] AXFT Y
O ol 1 718E WA ghek M A
ujolzznlol g8 EeRE WA AT e ATl
7Rsat 71402 AAERA ol it A7} s B
IE ot

Shi 570] B84 IdFo]EA FEF ol A AU
upo|dgHbol 32 74, tiRFol] Hlwste] A
Bacteroidetes 0] Z7}5}1l Firmicutes &0 ZASHS
HsHAA, ol 59| 7|47 o] AAEAH. Tt
Firmicutes £~ JJ#o]HAY Qbgy] 2|43}
ot o] AEAZF A vancomycin 0.2
FirmicutesS E@@' 1’41%9] 1%*%*3%% 7(-]]7]2:7_]_- =
oA o] BAR ) Tdo]HA QHEFE HAYo] &
oM Fagto] Rl 1 AuEAlE FRIEA]
23i9ch. 2ol sy SRR AT ) & A
I ARG A] Ft Akkermansia & Atolo] F-oIRt &
o] A7 B 9»1%‘3],56) Akkermansia £ mucin
& Eafohes o Toisks nAEE A, st
A 7FsAdol 7= Qick

S, < 7IAISsHe R AU vlo]A=Hlo]E A}
o|F #Asto] PS5 AlEstaA sk AT At
THEJ=E, AZ=C] 5 Cyanobacteria®} Acti-
nobacteria”} 70-80%2] AL =2 o] BAHY FExJof A
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FF ojRE TRAALY Tt o RS
A volazntol BAjo] FIHPA oA Fof o
oFol2l He YIPAA H ol AT B
WS} ool znlolgof vlA: YL WA 4 9
ohe Agel stk

el B A} Dol Qo] YA A
EREERE R DR s LR
5 g vlolaznlol et ol5e] Helute] EEyn

stol, adflo|H AT} S oI %S 4

A 5 d2 Aer 7|dE

3) SHAZE ZHMEM JI5SHGE

gl mtol=zntol 2 Halet A7PASY Y A
o]9] AWGZ 1988W0f| FHAH o FA Tt A
o vt BF] Afo]o] A7PHA A et A/d
2ol 7t WA WA A7|= et o] %, 1HAFA 7| A5}
T A9 &% Y] diztol| vlsl Alte] I54lo] T
@ol TAeto] HiEEd, 11 7|dog A7E
Askgol oJsf ] A7-25 7150 AstEHA]
Aleto] ISA5HaL, 1 A3 9P S7do] gL
AN A" S, SAILEIAFAA FAfofA] A
oA mAlE 7 FAYA AL 1 vAlE R 7k
A=7F S7HEEA Ao Bt S7Rke] ERIE =
o, o] 3t Z7H= 7o) B4l Y, gAREE
59 @Yo g9 o5 F7HIA ArFd W AAEe
o S SN o Stk 7HE& A&k 2ol
o} &

S EL/GAE ko] A tfo]azHlo] &2 £
/J Higlol et A Aok FE SRS FeE B
AFAL =], A vpo]ZZHlo] 29| R (richness)
= 27}, Bacteroidest Neisseria ‘52 0] &7V, Veillonella
U Faecalibacterium®] 734 A4S Ho] Igo|B A}
+ U Ao|E Holal ltK(Table 2). AZFHAIAIA
oA o] i mho]Z=Hlol g2 Hgke] TP} X1
Al HAAME Fa5HAIRE A7 sA skl &
e QS o) P ZERY F5et Al IS T
A g Q5o] Ao r vl Fa% How, v Ao
A kg st

XLy 0r0|32H0|23 Levothyroxine %

Levothyroxine (LT4)+= A7 5A S ALY T
AATER BEQWo] RENBARA, AT BE A
HgelA o= Aol <fsh &=l 243 34
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Table 2. Current results of studies about gut microbiomes in patients with Hashimoto’s thyroiditis and hypothyroidism

o Numbers of Indices of gut : : Decreased
1" Author . : . ; . Increased microbiomes : ; :
AT — Method patients mlcroblal ‘dlversny i seifienis’ Gu mlcr9b|orf1es in
(Controls) in patients patients’ gut
Ishag H.M. High-throughput 29 (12) Increased ACE, Bacteroides, Veillonellaceae
China, 2017 sequencing Chao1 (indices Escherichia-Shigella
of richness) and Parasutterella
(but, all p>0.05)
Zhao F. 16S rRNA gene 28 (16) No differences Blautia, Roseburia, Fecalibacterium,
China, 2018 sequencing Ruminococcus torques, Bacteroides,
Romboutsia, Dorea, Prevotella 9,
Fusicatenibacter, Lachnoclostridium
Eubacterium hallii
Liu S. 16S rRNA gene 18 (34) Decreased both Phascolarctobacterium Faecalibacterium,
China, 2020 sequencing richness and Intestinimonas,
Shannon Ruminococcus
diversity
Su X. 16S rRNA gene 52 (40) Increased ACE, Neisseria, Veillonella,
China, 2020 sequencing Chao1 indices Rheinheimera Paraprevotella
But, decreased
Shannon index
Cayres et al. Real-time PCR 40 (53) Not analyzed Bacteroides Bifidobacterium
Brazil, 2021 for 8 targeted
genera

A diFo] FEth

LT S0l 22, 82, obAo} e B4 5
9] o RlE0] YFS & S " LT49] tharet
S S7HAZIAY olsF 849 B4e S7HI7I=
P50l o8] WA TEEe] aTwe] 5748 S
ATk A s 2RO Al FA ol HEEAAT
A (sulfotransferases) 2} =5 JERHATHZA (glucu-
ronyltransferases) 7} 7} & 0 & A8 A 7oA 9] 7HA;
A 22 2245E mi7liste] 2 Bz d o X
Hg FNTCRA B 2Wo o] WAS 2T
21tk ot} 2 vlol 2z ujolgo] Hek2ERE T
(B -glucuronidases) @} AT EFA (sulfatase) EAE WS}
of gFo=Z ujde geTEo|2d thARA(glucuro-
nidated iodothyronines@} sulfated iodothyroninesTHAFA)
=2 7FrEs) AlA JIRdEde 8 L= 2 (lipo-
philic deconjugated iodothyronines)©] O 2 AG-TE
= 5o, A S22 A7t £ Feh B
AT 28T LTaE o] YohEg Fapsfobt HA
<2o| 7ksetd|, Ayl vho]AzHtol 2 Ao Tt
e 24sh= Y2 (tight junction) AT} & A Z
of g W WogR S| Wske 54 o 7o 43
2 U % Uu olelet 717 52 o) A vlol

[e]
ZHjol&e AW LT4 L7 FYATER 7t
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<30l FFS FA "ok E3h AR SAE oA
9, celiac Bolu fd EW/dT 22 8T dgh
A BAA LT BAZ Z7P US| et
= Ago] o3t A vlolaz ool Wk LT4
G sl A TS T 4 USL AR 218
A% E %

2 mesjoeYAS HHE 497} F7IhHA,
zvol9 e B go] LT42] Foro] UAE G 7}
olsl= Zlo] QK. Lactobacillus®; Bifidobacterium
2 #2 gRe mavolos UHsk YA LAY
JHsASIE SRS LT 7] A1) AEae B A%
4 Q7] wew, TeeoloE s 430 1E Ha
LT4 83 Alololi ol7} fIgoLt, aujo] o ag
FAHoz YT FoIH thazol we LTs S
250 BaHd 347k folab MR AnE sl
shEA, ZzHoloE s BE ANBEE HEO
PYH FA0] GG 2 TP AE ALY 1
U L7} 5] Aol Z2uolegAg 28T 7
2, Bl FFS U4 BF PIUTEE 50} 1E
o4 4 gems, ool tgk Fop7h astch

fO b o N



HU ofo|TZH0|ST LAM FY

Gl tfolazalol 52 o] Y, JPE ofy=h,
A A= JFE 7= 58T SHJAE osfE]
3L Qitk. EAQl A= Helicobacter pylori7} ABAFol=
Cagh BUEL 217 O o] Wolshs Ao 7
A Al S %@QO]E,N) Escherichia coli2] colibactin
3} cytolethal distending toxin (CDT)2 4£32] DNAS
A=A FFS FIstaL 2ol Hofgto] I
A k) w3t HEFZ 2 YA ( 8 -glucuronidase)
9] EXE Z7A]7]= Clostridiales@} Bacteroides@F -2
n)gEo] IFAl5Hd, o AEZA] A7t =8k I
A At OIAE 2 (free estrogen) o] AFTE SHAIA
AW ANAEZA F(systemic estrogen burden)& S7HA|
Ao=M, A Aty 42 222 A o
A Z9F(hormone-driven malignancy)gl drAo] 93k
o S Qo

o[} Hith =2, o Ao gt B 282 sh= A
ufo]agHlol ke th HAET QU FU mio]A=
H}o|Z-0] ThAl ARERQ] A4k (citric acid)¥} T2 1] 24F
(propionic acid)& &7 FF A|R22] S|AEHOA|
A (histone deacetylase) S JA|stHA T4 a3 et
W agedwe] AATgRLs)E S5 A2
toll like receptor 4 (TLR4)2Q] &A-& Frolo] AA|E
st TAIZE w7l HguEe2 B3 7]=d T
T:"_T_‘E]'.%) Lactobacillus casei2XE EH]|E = ferricromes
ZFA|E 9] INK (c-jun-NHy-kinase) FAZE SA3IA A
FPARY AWAE SEFOTH, QALY YL
ok oforg HHshe A0® FHEL et

WANL 712e] B 7 28] GFL e o
Zap 2, ool ofet AHH JHS WE Tk
Kol vl w1, LU Bt ) slolzutol S
ol ofet 7= AfEoR wol Rajck, T2, ol
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197280 A2 kanamycing E-8A]# A blo]a 2
Hpo| g AHUE ISt WAoA A WAV T
AFE&o] tixate] vlaste] dAs| daghs st
Al wolaZ2H[o| o] /US| o = v
7Fs/o] A== Bkt

AA7IA] BarE VAt Aol o] g mfolAg
Ho| & Ae BT S500S e s e Ao=
A(Table 3) AU wio]Z=2Hol9] FHE= S71,
Enterobacteriaceae, Neisseria®t 22 Gd9 =7},
Prevotellaceae, Butyricimona:gl- e Je 7aE F3E
Hch

Eo|g HL, Feng 52 A &A1) o 4 o
Sl 7FR]9] AR S (Triglyceride, Phosphatidylcholine, Glu-
cosylceramide, Tauroursodeoxycholic acid, Hexacosanedioic
acid, Eruberin A, Epsilon-(gamma-Glutamyl)-lysine) 2} T}
A 719] wtolZ & B0 (Lactococcus, Prevotella 9, Roseburia,
Bacteroides, Megamonas) 2] HSFE S 113 uff 7HAA
QI BBl Host ST B4 AnE B
ik ol A3 AR o A A7 oA 2
A o gixte] @43t 57 o] ko] BAat Holof
of5l= thAF 2891 gamma-aminobutyric acid¥} phenol
ol k7t gejet 2718 WA AT WA A ol
Y oS0 G vl E2ufol Rt ol 11 A
Ak A A vARAN E8sh= 7HsAgdol Higt
717t =l Axtolct.

WAAGONA ol G mpol=m=zHto]Zo] A Bl
o %ol FF= mIA=Aof Hiet 82, oy A w8
9k oYz}, o]& d&shs 83 AERA YT A8l
7=, olF fsiM= tFet A9 IF B A
AP de 52 18T 5 A77F a5t

Table 3. Current results of studies about gut microbiomes in patients with thyroid cancer or thyroid nodules

e Numbers of Indices of gut Increased : :
1° Author . ; o . : . Decreased microbiomes
Couliitiy, vea Method patients mlcroblal _dlver3|ty _ mlcrpblon‘wes I petlonte”
(Controls) in patients in patients’ gut
Feng J. High-throughput 30 cancer Increased both Lactobacillaceae, Acidaminococcaceae,
China, 2019  sequencing (35) Chao (richness) and  Clostridiaceae 1, Prevotellaceae,
Shannon index Enterobacteriaceae  Bacteroidaceae
(diversity)
Zhang J. High-throughput 20 cancer Increased ACE index MNeisseria, Butyricimonas in cancer,
China, 2019  sequencing 18 nodule (richness) Streptococcus Lactobacillus in nodule
(36)
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oA AT} A Tl utol ] BAC]
gt olsl} RYAFHT, o] AL R} W AT
29} waslt su @A) BaE AT A%
2 A vlolazrjolg WIS} AU A7hE, ]
5 o 8 8% 5 I T Wl Y
CI3 51 A5 SRS AN ek 25 et
Be 2ASS vjgoz, A selazvlole £4o)
B4 AR WS A2 o 25km, B ol A
v}l et FAF 5o olF AHAL Azl &
28 ML BEHladwany DISERAE
(microecological therapy)Z &&= 4 & Aozt 7|

=},

St B0 SRR, OIdEFe, L, APHHY
e Lduy.

Conflicts of Interest

No potential conflict of interest relevant to this article

was reported.

Orcid

Seul Ki Kwon: https://orcid.org/0000-0002-9239-8284
Namil Kim: https://orcid.org/0000-0002-8482-1468
Young Joo Park: https://orcid.org/0000-0002-3671-6364

References

1) Ley RE, Peterson DA, Gordon JI. Ecological and evolutionary
forces shaping microbial diversity in the human intestine. Cell
2006;124(4):837-48.

2) Sender R, Fuchs S, Milo R. Revised estimates for the number
of human and bacteria cells in the body. PLoS Biol 2016;14(8):
€1002535.

3) Vartoukian SR, Palmer RM, Wade WG. Strategies for culture
of 'unculturable' bacteria. FEMS Microbiol Lett 2010;309(1):
1-7.

4) Zoetendal EG, Collier CT, Koike S, Mackie RI, Gaskins HR.
Molecular ecological analysis of the gastrointestinal microbiota:
a review. | Nutr 2004;134(2):465-72.

5) Weinstock GM. Genomic approaches to studying the human
microbiota. Nature 2012;489(7415):250-6.

6) Gill SR, Pop M, Deboy RT, Eckburg PB, Turnbaugh PJ,

124 Int J Thyroidol, Vol. 14, No. 2, 2021

Samuel BS, ez al. Metagenomic analysis of the human distal
gut microbiome. Science 2006;312(5778):1355-9.

7) Qin J, Li R, Raes J, Arumugam M, Burgdorf KS, Manichanh
C, et al. A human gut microbial gene catalogue established by
metagenomic sequencing. Nature 2010;464(7285):59-65.

8) Ko JS. The intestinal microbiota and human disease. Korean |
Gastroenterol 2013;62(2):85-91.

9) Eckburg PB, Bik EM, Bernstein CN, Purdom E, Dethlefsen
L, Sargent M, et al. Diversity of the human intestinal microbial
flora. Science 2005;308(5728):1635-8.

10) Iebba V, Totino V, Gagliardi A, Santangelo F, Cacciotti F,
Trancassini M, ez al. Eubiosis and dysbiosis: the two sides of
the microbiota. New Microbiol 2016;39(1):1-12.

11) Aagaard K, Ma ], Antony KM, Ganu R, Petrosino J,

Versalovic J. The placenta harbors a unique microbiome. Sci

Transl Med 2014,6(237):237ra65.

Rinninella E, Raoul P, Cintoni M, Franceschi F, Miggiano

GAD, Gasbarrini A, et al. What is the healthy gut microbiota

composition? A changing ecosystem across age, environment, diet,

and diseases. Microorganisms 2019;7(1):14.

13) Khosravi A, Mazmanian SK. Disruption of the gut microbiome

as a risk factor for microbial infections. Curr Opin Microbiol

2013;16(2):221-7.

Schmidt TSB, Raes ], Bork P. The human gut microbiome:

from association to modulation. Cell 2018;172(6):1198-215.

15) Kc¢ D, Sumner R, Lippmann S. Guz microbiota and health.
Postgrad Med 2020;132(3):274.

16) Petersen C, Round JL. Defining dysbiosis and its influence on
host immunity and disease. Cell Microbiol 2014;16(7):1024-33.

17) Zhang X, Zhang D, Jia H, Feng Q, Wang D, Liang D, ez

al. The oral and gut microbiomes are perturbed in rheumatoid

12

—

14

=

arthritis and  partly normalized after treatment. Nat Med
2015;21(8):895-905.
18) Abrahamsson TR, Jakobsson HE, Andersson AF, Bjorksten B,
Engstrand L, Jenmalm MC. Low gut microbiota diversity in
early infancy precedes asthma at school age. Clin Exp Allergy
2014;44(6):842-50.
Paller AS, Kong HH, Seed P, Naik S, Scharschmidt TC,
Gallo RL, er al. The microbiome in patients with atopic
dermatitis. | Allergy Clin Immunol 2019;143(1):26-35.
Shahi SK, Freedman SN, Mangalam AK. Guz microbiome in
multiple sclerosis: the players involved and the roles they play.
Gut Microbes 2017;8(6):607-15.
Kostic AD, Gevers D, Siljander H, Vatanen T, Hyotylainen
T, Hamalainen AM, et al. The dynamics of the human infant

19

~

20

=

21

-

gut microbiome in development and in progression toward type

1 diabetes. Cell Host Microbe 2015;17(2):260-73.

Sharon G, Sampson TR, Geschwind DH, Mazmanian SK.

The central nervous system and the gut microbiome. Cell 2016;

167(4):915-32.

23) Ingman WV. The gut microbiome: a new player in breast cancer
metastasis. Cancer Res 2019;79(14):3539-41.

24) Hou Y, Sun W, Zhang C, Wang T, Guo X, Wu L, e al.
Meta-analysis of the correlation between Helicobacter pylori

22

N

infection and autoimmune thyroid diseases. Oncotarger 2017;
8(70):115691-700.
25) Cellini M, Santaguida MG, Virili C, Capriello S, Brusca N,



26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

Gargano L, et al. Hashimoto's thyroiditis and autoimmune
gastritis. Front Endocrinol (Lausanne) 2017;8:92.

Tudhope GR, Wilson GM. Anaemia in hypothyroidism.
Incidence, pathogenesis, and response to treatment. Q | Med
1960;29:513-37.

Neuman H, Debelius JW, Knight R, Koren O. Microbial
endocrinology: the interplay between the microbiota and the
endocrine system. FEMS Microbiol Rev 2015;39(4):509-21.
Virili C, Centanni M. "With a litile help from my friends" -
The role of microbiota in thyroid hormone metabolism and
enterohepatic recycling. Mol Cell Endocrinol 2017;458:39-43.
Hazenberg MP, de Herder WW, Visser TJ. Hydrolysis of
todothyronine conjugates by intestinal bacteria. FEMS Microbiol
Rev 1988;4(1):9-16.

Hoefig CS, Wuensch T, Rijngjes E, Lehmphul I, Daniel H,
Schweizer U, ez al. Biosynthesis of 3-iodothyronamine from T4
in murine intestinal tissue. Endocrinology 2015;156(11):4356-
64.

Meng S, Badrinarain J, Sibley E, Fang R, Hodin R. Thyroid
hormone and the d-type cyclins interact in regulating enterocyte
gene transcription. | Gastrointest Surg 2001;5(1):49-55.
Daher R, Yazbeck T, Jaoude JB, Abboud B. Consequences of
dysthyroidism on the digestive tract and viscera. World |
Gastroenterol 2009;15(23):2834-8.

Chow ], Lee SM, Shen Y, Khosravi A, Mazmanian SK.
Host-bacterial symbiosis in health and disease. Adv Immunol
2010;107:243-74.

Macpherson AJ, Harris NL. Interactions between commensal
intestinal bacteria and the immune system. Nat Rev Immunol
2004;4(6):478-85.

Mazmanian SK, Liu CH, Tzianabos AO, Kasper DL. An
immunomodulatory molecule of symbiotic  bacteria  directs
maturation of the host immune system. Cell 2005;122(1):107-18.
Sefik E, Geva-Zatorsky N, Oh S, Konnikova L, Zemmour
D, McGuire AM, et al. MUCOSAL IMMUNOLOGY.
Individual intestinal symbionts induce a distinct population of
RORgamma(+) regulatory T cells. Science 2015;349(6251):
993-7.

Hall JA, Bouladoux N, Sun CM, Wohlfert EA, Blank RB,
Zhu Q, et al. Commensal DNA limits regulatory T cell
conversion and is a natural adjuvant of intestinal immune
responses. Immunity 2008;29(4):637-49.

Yurkovetskiy LA, Pickard JM, Chervonsky AV. Microbiota and
autormmunity: exploring new avenues. Cell Host Microbe
2015;17(5):548-52.

Moon C, Baldridge MT, Wallace MA, D CA, Burnham,
Virgin HW, ez al. Vertically transmitted faecal IgA levels
determine extra-chromosomal phenotypic variation. Nature 2015;
521(7550):90-3.

Sidhu M, van der Poorten D. The gut microbiome. Aust Fam
Physician 2017;46(4):206-11.

Marino M, Latrofa F, Menconi F, Chiovato L, Vitti P. Role
of genetic and non-genetic factors in the etiology of Graves'
disease. | Endocrinol Invest 2015;38(3):283-94.

Hargreaves CE, Grasso M, Hampe CS, Stenkova A, Atkinson
S, Joshua GW, et al. Yersinia enterocolitica provides the link

between  thyroid-stimulating  antibodies and  their  germline

43

44

45

46

47

48

49

50

51

52

53

54

55

=

)

=

)

)

)

=

)

)

)

)

=

=

Seul Ki Kwon, et al

counterparts in Graves' disease. | Immunol 2013;190(11):5373-
81.

Wang Z, Zhang Q, Lu ], Jiang F, Zhang H, Gao L, ez al.
Identification of outer membrane porin f protein of Yersinia
enterocolitica recognized by antithyrotopin receptor antibodies in
Graves' disease and determination of its epitope using mass
spectrometry and bioinformatics tools. | Clin Endocrinol Metab
2010;95(8):4012-20.

Zimmer ], Lange B, Frick JS, Sauer H, Zimmermann K|
Schwiertz A, ez al. A vegan or vegetarian diet substantially alters
the human colonic faecal microbiota. Eur | Clin Nutr 2012;
66(1):53-60.

De Filippo C, Cavalieri D, Di Paola M, Ramazzotti M,
Poullet JB, Massart S, ez al. Impact of diet in shaping gut
microbiota revealed by a comparative study in children from
Europe and rural Africa. Proc Natl Acad Sci U S A
2010;107(33):14691-6.

Lyte M, Vulchanova L, Brown DR. Stzress ar the intestinal
surface: catecholamines and mucosa-bacteria interactions. Cell
Tissue Res 2011;343(1):23-32.

Su X, Yin X, Liu Y, Yan X, Zhang S, Wang X, ez al. Gut
dysbiosis contributes to the imbalance of Treg and Th17 cells
in Graves' disease patients by propionic acid. ] Clin Endocrinol
Metab 2020;105(11):dgaa511.

Bahn RS. Clinical review 157: Pathophysiology of Graves'
ophthalmopathy: the cycle of disease. | Clin Endocrinol Metab
2003;88(5):1939-46.

Laurberg P, Berman DC, Bulow Pedersen I, Andersen S,
Carle A. Incidence and clinical presentation of moderate to
severe graves' orbitopathy in a Danish population before and after
todine fortification of salt. | Clin Endocrinol Metab 2012;97(7):
2325-32.

Wang Y, Smith TJ. Current concepts in the molecular
pathogenesis  of  thyroid-associated  ophthalmopathy.
Ophthalmol Vis Sci 2014,55(3):1735-48.

Kumar S, Nadeem S, Stan MN, Coenen M, Bahn RS. 4

stimulatory TSH receptor antibody enhances adipogenesis via

Invest

phosphoinositide 3-kinase activation in orbital preadipocytes from
patients  with Graves' ophthalmopathy. ] Mol Endocrinol
2011;46(3):155-63.

Wakelkamp IM, Gerding MN, Van Der Meer JW, Prummel
MF, Wiersinga WM. Both Thl- and Th2-derived cytokines in
serum are elevated in Graves' ophthalmopathy. Clin  Exp
Immunol 2000;121(3):453-7.

Shi TT, Xin Z, Hua L, Zhao RX, Yang YL, Wang H, e
al. Alterations in the intestinal microbiota of patients with severe
and active Graves' orbitopathy: a cross-sectional  study. ]
Endocrinol Invest 2019;42(8):967-78.

Berchner-Pfannschmidt U, Moshkelgosha S, Diaz-Cano S,
Edelmann B, Gortz GE, Horstmann M, ez al. Comparative
assessment of female mouse model of Graves' orbitopathy under
different environments, accompanied by proinflammatory cytokine
and T-cell responses to thyrotropin hormone receptor antigen.
Endocrinology 2016;157(4):1673-82.

Masetti G, Moshkelgosha S, Kohling HL,, Covelli D, Banga
JP, Berchner-Pfannschmidt U, et al. Gut microbiota in

experimental murine model of Graves' orbitopathy established in

125

wiww.ijthyroid.org



56)

57)

58)

59)

60)

61)

62)

63)

64)

65)

66)

67)

68)

126

Thyroid and Gut Microbiome

different environments may modulate clinical presentation of
disease. Microbiome 2018;6(1):97.

Moshkelgosha S, Verhasselt HL, Masetti G, Covelli D,
Biscarini F, Horstmann M, ez al. Modulating gut microbiota
in a mouse model of Graves' orbitopathy and its impact on
induced disease. Microbiome 2021;9(1):45.

Derrien M, Van Baarlen P, Hooiveld G, Norin E, Muller M,
de Vos WM. Modulation of mucosal immune response,
tolerance, and proliferation in mice colonized by the mucin-
degrader Akkermansia muciniphila. Front Microbiol 2011;2:166.
Shi TT, Xin Z, Hua L, Wang H, Zhao RX, Yang YL, e
al. Comparative assessment of gut microbial composition and
Sfunction in patients with Graves' disease and Graves' orbitopathy.
J Endocrinol Invest 2021;44(2):297-310.

Kim YA, Cho SW, Choi HS, Moon S, Moon JH, Kim KW,
et al. The second antithyroid drug treatment is effective in
relapsed Graves' disease patients: a median 11-year follow-up
study. Thyroid 2017;27(4):491-6.

Penhale W], Young PR. The influence of the normal microbial
flora on the susceptibility of rats to experimental autoimmune
thyroiditis. Clin Exp Immunol 1988;72(2):288-92.

Lauritano EC, Bilotta AL, Gabrielli M, Scarpellini E,
Lupascu A, Laginestra A, et al. Association between hypo-
thyroidism and small intestinal bacterial overgrowth. | Clin
Endocrinol Metab 2007;92(11):4180-4.

Sasso FC, Carbonara O, Torella R, Mezzogiorno A, Esposito
V, Demagistris L, et al. Ultrastructural changes in enterocytes
in subjects with Hashimoto's thyroiditis. Gut 2004;53(12):
1878-80.

Mu Q, Kirby J, Reilly CM, Luo XM. Leaky gut as a danger
signal for autoimmune diseases. Front Immunol 2017;8:598.
Benvenga S, Bartolone L, Pappalardo MA, Russo A, Lapa D,
Giorgianni G, et al. Altered intestinal absorption of L-thyroxine
caused by coffee. Thyroid 2008;18(3):293-301.

Ianiro G, Mangiola F, Di Rienzo TA, Bibbo S, Franceschi
F, Greco AV, et al. Levothyroxine absorption in health and
disease, and new therapeutic perspectives. Eur Rev Med Pharmacol
Sei 2014,18(4):451-6.

Kuiper GG, Kester MH, Peeters RP, Visser TJ. Biochemical
mechanisms of thyroid hormone deiodination. Thyroid 2005;
15(8):787-98.

Nieuwdorp M, Gilijamse PW, Pai N, Kaplan LM. Role of
the microbiome in energy regulation
Gustroenterology 2014;146(6):1525-33.
Virili C, Bassotti G, Santaguida MG, Iuorio R, Del Duca SC,

and  metabolism.

Int J Thyroidol, Vol. 14, No. 2, 2021

69

=

70)

71)

72)

73)

74)

75

=

76)

77)

78)

79

-

80)

Mercuri V, et al. Atypical celiac disease as cause of increased
need for thyroxine: a systematic study. | Clin Endocrinol Metab
2012;97(3):E419-22.

Spaggiari G, Brigante G, De Vincentis S, Cattini U, Roli L,
De Santis MC, et al. Probiotics ingestion does not directly affect
thyroid hormonal parameters in hypothyroid patients on levo-
thyroxine treatment. Front Endocrinol (Lausanne) 2017;8:316.
Hatakeyama M. Structure and function of Helicobacter pylori
CagA, the first-identified bacterial protein involved in human
cancer. Proc Jpn Acad Ser B Phys Biol Sci 2017;93(4):196-219.
Lara-Tejero M, Galan JE. A bacterial toxin that controls cell
cycle progression as a deoxyribonuclease I-like protein. Science
2000;290(5490):354-7.

Gloux K, Berteau O, El Oumami H, Beguet F, Leclerc M,
Dore J. A metagenomic beta-glucuronidase uncovers a core
adaptive function of the human intestinal microbiome. Proc Natl
Acad Sci U S A 2011;108 Suppl 1:4539-46.

Kwa M, Plottel CS, Blaser MJ], Adams S. The intestinal
microbiome and estrogen receptor-positive female breast cancer.
J Natl Cancer Inst 2016;108(8).

Jan G, Belzacq AS, Haouzi D, Rouault A, Metivier D,
Kroemer G, e al. Propionibacteria induce apoptosis of colorectal
carcinoma  cells  via  short-chain  fatty — acids
mitochondria. Cell Death Differ 2002;9(2):179-88.
Paulos CM, Wrzesinski C, Kaiser A, Hinrichs CS, Chieppa
M, Cassard L, er al. Microbial translocation augments the
function of adoptively transferred selfftumor-specific CDS+ T
cells via TLR4 signaling. ] Clin Invest 2007;117(8):2197-204.
Konishi H, Fujiya M, Tanaka H, Ueno N, Moriichi K|

Sasajima ], ez al. Probiotic-derived ferrichrome inhibits colon

acting on

cancer progression via JNK-mediated apoptosis. Nat Commun
2016;7:12365.

Vought RL, Brown FA, Sibinovic KH, McDaniel EG. Effect
of changing intestinal bacterial flora on thyroid function in the
rat. Horm Metab Res 1972;4(1):43-7.

Feng J, Zhao F, Sun ], Lin B, Zhao L, Liu Y, ¢t al. Alterations
i the gut microbiota and metabolite profiles of thyroid
carcinoma patients. Int | Cancer 2019;144(11):2728-45.

Shen CT, Zhang Y, Liu YM, Yin S, Zhang XY, Wei W],
et al. A distinct serum metabolic signature of distant metastatic
papillary thyroid carcinoma. Clin Endocrinol (Oxf) 2017;87(6):
844-52.

Guo L, Wang C, Chi C, Wang X, Liu S, Zhao W, e al.
Exhaled breath volatile biomarker analysis for thyroid cancer.
Transl Res 2015;166(2):188-95.



