5 20 [l A o2 % 65

SH#EE ]
AR (2 & % ¥/ Az 9t U 72 /E sapse ta i P s o i i

AR
B IR R T B (A=)

o

i AR (2 0 S0 R OB R RES 52— C, BT 233 2 8 2 e s A 3 LB 1c B L
LEMRIEDRIEDITK L 25, 29 LRI 2 AEX B <720, BB I REIHIRE 2 & O filEE:
THIFL (BLF, Treg &) HPELHFEL TS, ZHAM) VY AHMRBZIEILOE LT, HEHHEOB
WHIE I ZIZRIER T LIV F =2 IR D Treg T H BT DMV D 5 2 L DME S NLTWZD, TO5H5TH
HEIZOWTIIARHTH - 72, BRI B X ) BWiEL 0 L, SRR % ek
LTWwaZens, RMEWDOTI T FEIZHFTTHLOPHLDTIE VLML £2T,
AH RO — MFEICE ) BR G RBEN ORI E X2 ) ==V TRERL 2L 25, Treg M ZH
THRHMEWE L CHBERE L. S512, EEEE, THIEO DNA ©9 5, Foxrpd Ein T D3R
BB 2 A Py T2 F MR L, Tre ~OHMEERT I EEZHL2IIL. TOLH BE
A % DNA Ofb2 5% A L7 #a FRBUREREII = 7 2B LI T 5. BT IS
Ko THAESNDEERRIE, ~V5S— THIFROZES / AMEMHREEZ ZAL S D T LT Treg /M LFET
HIENHE L Lo BEEE~Y T ARG 25 L, KBIZBIT D Treg OEASHEZEIIHIIML, FEK
Wi Wfl L7222 20, BRI E ORBEEEUERICHFS T2 ErHLNE Lo 72,

S5, BEMIZBWT, BNMREES ISIBE LT Treg OFFE & BIFH % Gl 3 2 K1 OER % A
720 DO, Treg MIBOWERFEIZLE RS T 2 FEET 5720, MR~ R LGNMEZEESE
7277 ZAD KW Treg DEARTFFHEB/ XY — > ZMAFERIIIT L7z, T OfR, HWNMREOEEIZ X ) K
Treg MILFFRIGIZHI LA T 282 T £ L TDNA X F VLT ¥ 7% —Td % Uhrfl Z[F5E L7z T
FaBE B Uhrfl 2 RIB LT ARMEH L7728 25, KB Treg MILOREGERE S X OV RIEINHIFEAE O B
ZRIETOAEHEIN, ZOE &TOYI AN 70— 0F (FIEWEREDO—2) (L L 7218 %
FEZFIET S &2 A L7z, Uhrfl 13, & % %8m0 DNA Mk 2 F U LisBRER 2 ) 7
V— 13252 L TDNA XA FILOMEFEZHFEG TS, 7/ 574 Nz DNA XA FIVALIENT 72 EDFRERP S,
Uhrfl (A E AN TH 5 Cdknla O 72 E— % —5H80D DNA A F WU LEMRTZ & T, ZOEH
EIUET 23T A4y ZIZHHIL, T MIBOHEEEZ Y R—PLTWDEZEZ LN,

RIFgeL 0, BRMEOES L, BEAVS—THEOZEY 24271 7 AREOLELEZRL, K
Treg DAL, HHEE L OBRERA A R — b F52 LT, BEREROBEFHEAMERL TV LEZD
ns.

=
=]
H
g
g

&
L




66 NI S AERE 30% 2% 2016

Commensal microbiota maintain immune homeostasis in the gut through
epigenetic modification

Yukihiro Furusawa
Department of Liberal Arts and Sciences (Biology Labs.),
Toyama Prefectural University

Commensal microbes in the gut maintain the mucosal immune system by regulating the dif-
ferentiation and expansion of several types of T cells. Clostridia, a dominant class of commensal
microbes, induce colonic regulatory T (Treg) cells that play a central role in the suppression of
inflammatory and allergic responses. However, molecular mechanisms underlying the induction
of colonic Treg cells by commensal microbes are unclear. One of the most important features
of commensal bacteria is their metabolic activity. Intestinal bacteria actively consume indigest-
ible materials and produce small-molecule metabolites that are used by host cells. Therefore, we
hypothesized that bacterial metabolites were responsible for the induction of colonic Treg cells.

To test this hypothesis, we performed a comparative metabolome analysis and found that lumi-
nal concentrations of short-chain fatty acids, which are produced by commensal bacteria through
fermentation, were positively correlated with the number of colonic Treg cells. Of the short-chain
fatty acids present in the colon, butyrate induced the differentiation of colonic Treg cells both in
vitro and in vivo and ameliorated the development of experimental colitis. Treatment of naive T
cells with butyrate under Treg cell-polarizing conditions enhanced histone H3 acetylation in the
promoter and conserved the non-coding sequences of Foxp3, suggesting that microbial-derived
butyrate regulated the differentiation of colonic Treg cells through epigenetic modification.

Next, we elucidated the molecular entity responsible for the expansion and maturation of colonic
Treg cells. We found that colonization of germ-free mice with gut microbiota upregulated the
expression of DNA methylation adaptor Uhrfl in colonic Treg cells. Mice with T cell-specific defi-
ciency of Uhrfl (Uhvfl-cKO mice) showed defective proliferation and functional maturation of colon-
ic Treg cells. Global gene expression and DNA methylation analyses showed that Uhrfl deficiency
suppressed the expression of Cdknla (encoding cyclin-dependent kinase inhibitor 1A; also known
as p2l) due to the hypomethylation of its promoter region, which resulted in the cell cycle arrest
of Treg cells. Consequently, UhrfI-cKO mice spontaneously developed severe colitis. These results
suggested that epigenetic silencing of Cdknla by Uhrfl was required for maintaining immune
homeostasis in the gut.

Based on the above observations, we concluded that colonization of the gut by commensal bac-
teria induced the differentiation, expansion, and functional maturation of colonic Treg cells, which
in turn maintained immune homeostasis in the gut through epigenetic modification of helper T
cells.



