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Circadian clock and proliferative metabolism in the intestinal T lymphocytes
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Circadian rhythms are heavily involved in metabolic homeostasis. Circadian
misalignment is implicated in a wide array of pathophysiology such as cancer, metabolic syndrome,
and sleep disruption. This study dissected whether the circadian clock controls proliferative
metabolism in activated T lymphocytes. The proportion of splenic T lymphocyte subset population was
comparable between the wild-type and Bmall knock out mice. On the other hand, when naive T cells
(Tn) were isolated, cultured, and stimulated by CD3/28 antibody, Tn from Bmall knockout mice
exhibited higher proliferative capacity and numbers of cells. Additionally, expression of genes
encoding components of glycolysis and glutamine oxidation along with that of MYC protein was
upregulated.



¥ X C—19. F—19—1, Z—19 (@)

1. WFERHE S YO 5

BER U X AFAEERPBEOET DRI TRIT 5 Z & Cilis 3 2 REHE F I EE 7S ©
B D, TORDIREE Z ARG S TR Y | HIERO BRI HE D SO BKRIZ L 281 %25 1)
RS #9924 B OFTEY, (S, BRSO Y XA EALE L TW A1), HEIEDENERFD
VAT MIBEEMEIEE L o TR Y | R TEOHAR Y EZ(SCNNTFTET DIRNERER 2 L & 7
0 ERMER AR IR - 2 A LR O RN RESH &2 R LS LT 5, IRNEEGHI R R HE S 1
WCEDEREFER Y 4 — KNy 7V —7 12X U ESEE L T 0 . B#lIC CLOCK/BMAL1 RAH 5D
PR TH D Period(Per)<> Cryptochrome(Cry) % & T )85 1 DHRE 22 L, K
PER, CRY # v /X7 B O L TG IH S5, ZOMIZHERNZHFETHS ROR R
REV-ERB 78 Bmall O 13884 ZErUetE, Ifl+57 0+ — Ky 7 R FETH, =
DIEANEER EREBNTIESBEE L TW D Z ER0h-> Tnd, ORI AEER ST &, R
BEEE ONAH S HRREE R ONLAR & a5 & E N SN TR Y . R OSBRI R ERENE
<L TWHZEEREBLTNDQ), —FHT, BB TER~ v AR ZEIZ T~
U AT, A A ) ARPIMEe OB E 2 B L, RiEHE S SRR R R s T &
D Z EDRX-oTWDH(B, 4), FFFEFREIT 24 BEREZEIE ~ DT & BA R 3BT 5 BER
IKAEH 72 RS IR EF 3B - TR Y | F OBs TSI BN FEE T 5 2 & & R
LTCW5(B), o, RANRFHIBLARHICB T 2RBMAICHLBED-> TR Y, FEHEE 1T
NADEAZN LTI b2y R TICBT DIREBIL A RET 2 —J7, REFHo KB I3 ks
F. T S U b AR U, FLERPEAE B O BN ATP EEABEDIK T2 < (6), Z DIFFFOX
HORERER SN D MRE ORI, ZretEapiiia, 15D =Bk EoaikilaIc B o5 518
AR X, (RNRERE & B O B & SR ot 5, BTG CIE A A AR SIS £ D A
F~ AEADT-H, NAD*OIEEHIK & PRI R, 7 V2 I UV EBRITIRAT LT G 21T e -
TWA M, BBV Z 212, ES MR TIXANIE G OEENIS Sy 2 & RHfsE ST s (),
TS O FITANEEE L BRI A 55 S W O R E K EFT DR TTH B, ABFETIL,
OB FE2S T MROTEMHALOBRICY) 70 7T A END D0, @T HaiEHAL OB KL HE 5l
Rt & ERBEHIEN RN E D X IS5 00, OFRCIEIT T /LB TR
DHE T MR OBEECTE LI EORERB 532 00y, AR TIN5 2% TRy &
T 5,

2. e EM

575 S P AR TS . G . RIAEMEIGIR R E % < OIRREAFMCRI S35 Z &0 D Sl
DO F I IR RE IS B 2 I T L B2 oD, L L, IBE ORI 2808 L
DFREERIELAEMRDIEF A~ 59 2 MERTE DT S Tuhnyy, 74 —7 T e
AE Y —T Il TIIE LA ) VB EDNERR R DIZR L, A N A VPEAT T = 7 Z—T T
IR IR RS 7 V2 2 VL EAT 9 2 & THIBHRIC LR T RV X —Z MR L TV D &
EZHNTWDH(®), Bl z1X, MYC 13 T MlaOIEOBEO RS~ 2 > 7 N2 01cBb
HZENRESNTNAO), BLRZEWZ &1 CLOCK/BMALL X MYC & [A U E-box Bl #
AT 50, IR CHBEELIT 5 MYC BMENKGTZ 806 U, (G 2 <00 R, 705 I U
b~y 7 F T2 2 ERHEINTND9), AFEOBHNT T U REROIEMALIZ IS 1T D KNI
FHEI LA L ONE B TS O 2L 2 G L, BRSO 72 & ORERBEE I 5 0 i
BE~OEEZHONCTEZ L TH D,

3. WDk

WIDIZ T ARIENE(L & (RN RO G- 2 it 5729, 8712 D Bmall KIE~ 7 Ak XL
Ray ba—/L< 7 Z2OMEL Y FACS 2T (D44 & CD62L DFIFICE ST, #nFnT
A —7 T Hif@ (Tn: CD44' CD62LM), =7 =7 ¥ —T #lfu (Te: CD44™ CD62L°) . A& U —T Hlhu
(Tm: CD44" CD62LM) ZHHfE L, =N ZNDLEEMRFTT 5, £7-. Tn 251 CD3/28 HFUA THIPLT
AHETOKEL (resting Tn) & $HT CD3/28 HLiAT 24 BEfffili% U741 (activated Tn) (2% L. &
WIRFEF D FEBL%A RT-qPCR, Western blot 5 THFIT 5, TIZ, resting Tn, activated Tn, Te,
Tm 1Z%F L RNA-seq (n=3) 35 L U8 BMAL1 @ ChIP-seq(n=2) 21T\ . T I OIEME(LIREEIZ LK%
HAEFHET & BMALL 27 m~F 281 5 genome wide occupancy ZRitd 5, ZiLHOHIET
2 142 & (OCR) | MRS &AL (ECAR) . NAD'/NADH bbZ-JAI%E L. (KRNI D KIBAK %2 D T il
FalZ 5 2 G E L 2 Erd 5, BRI 7 7 v 7 22 KErd 5729, [3-°H]-glucose TRk %
. [9,10-°H]-palmitic acid THEEme(%. [U-"'C]-glutamine T/ /L& I Viigfk %, [2-1C]-
pyruvate TE L E RO A 29 5, £ 72 Forskolin {Z & 5 synchronization 47\, 6 K
1L 48 BERICIE Y BFEHE s T DIREN 2 RT-qPCR, Western blot {ETHiFHT 5,
INHDORERNG | THREEMELT A BEROEREHZ B W THERNEREIO U 70 79 I 73y
BvF UL TED X IIZHEETHDMNIONTHLNE 2D,



4. WF7EEk R

T AMAR 2N L3 2 BR O BEFEAH & 4% B Rt OB 52 it 3 2 720 oIz 381 % CD4 [
T U REgkot 7ty hOFISIZEWT, BEARFIEET 5008 2 0 Fta1T-7-, 8712
HED Bmall RIEE~T7ABLI 2y he—1<T ZA0OMEEL 0 v Y —& —% FuT CD4 [tk
CD25 FatkEmHufnsy 4 HEE L, B2 (D44 & CD62L DIHUZE ST, F A4 —7 T Hifa (Tn:
CD441o CD62Lhi). > R T/ AE U —T #Hfa (Tn: CD44hi CD62Lhi), =7 =7 #— AE U —T #
el (Tn: CD44hi CD62L1o) DENE Z ket L=, BFAERL, Bmall KE~ v 2z, 4 —7 THIlED
NI 70%, =7 =7 Z—2F U —T MAOSEITK 15%THO ., D4 HET U 2 RERDY
Ty hOEIGIZEITR N7 (K1), —5 T, Tnfifaz Bk, 5% L, CD3/28 HLikT
F L7z & Z A, Bmall K48 Tn CHEfR AN TUEE L, Ml oEmysgisg sn (K1), £z,
Tn MRIOBIRTFHBEZRET L& 2 A, IR, 75 I VEBLEERE OBIE T REOTLEL R
D72IEH, MYC E HFEHLH Bnall K38 Tn THL#E L T2 (K1), 5%, oM B IHOKE~
7 A D Tn A OWTHRFT21E0, T2 A7 U 7 F— AKX ChIP-seq I L D HEHEMN
T HIT O TETH D,

1 THIRAEHCH (I DEIEHEFET DI E]

wT , Bmalt* Bmal1-- THFIKICEZMYCOTIRTTE
) 20 e 2 0hr 32 hr
wid " WT Bmal1" WT Bmal1™"
CD44 CD44
BMAL1 [ — ]
s coszaicoss mvc | .-
B
u Ncogzl_w‘ ‘ B-ACTIN ’
Bmal1-/-THiREOHRIETE Uit . -
(Celltrace Violet(c &2 HHEIEE Y1) Bmal1/ THIRRRIEC LB BIERR. T BB R OB G FRIRTUE
“1 4321 0 Ldha Sic16a3 (Mct4) Pgk1 Sic3a2
. c1 = 25 . 8
©1 S — B
8 ® 4 20 6
3 o4 BWT g 10-
H . 3 -3 15 awr
P il Bmait1+ & 4 Ml Bmai1~
f 2 2 10
= E 1 5 2
A 24 M 24 M 24 % 24
GOMQFLEH - TV PBASOH Hrs Hrs Hrs Hrs
(SR Sk

1. U. Schibler, P. Sassone-Corsi, A web of circadian pacemakers. Ce//111, 919-922 (2002).
2. F. Damiola et al, Restricted feeding uncouples circadian oscillators in peripheral
tissues from the central pacemaker in the suprachiasmatic nucleus. Genes &

development 14, 2950-2961 (2000).

3. Y. Nakahata, S. Sahar, G. Astarita, M. Kaluzova, P. Sassone-Corsi, Circadian control
of the NAD+ salvage pathway by CLOCK-SIRT1. Science (New York, N.Y.) 324, 654-
657 (2009).

4. K. M. Ramsey et al., Circadian clock feedback cycle through NAMPT-mediated NAD+
biosynthesis. Science (New York, N.Y.) 324, 651-654 (2009).

5. K. Kinouchi et al, Fasting Imparts a Switch to Alternative Daily Pathways in Liver
and Muscle. Cell reports 25, 3299-3314 3296 (2018).

6. C. B. Peek et al, Circadian clock NAD+ cycle drives mitochondrial oxidative

metabolism in mice. Science (New York, N.Y,) 342, 1243417 (2013).
7. K. Yagita et al, Development of the circadian oscillator during differentiation of
mouse embryonic stem cells in vitro. Proceedings of the National Academy of Sciences

of the United States of America 107, 3846-3851 (2010).



G. J. van der Windt et al, Mitochondrial respiratory capacity is a critical regulator
of CD8+ T cell memory development. /mmunity 86, 68-78 (2012).
R. Wang et al,, The transcription factor Myc controls metabolic reprogramming upon

T lymphocyte activation. Immunity 85, 871-882 (2011).



3 1 0 0

Kinouchi Kenichiro Mikami Yohei Kanai Takanori Itoh Hiroshi

80

Circadian rhythms in the tissue-specificity from metabolism to immunity: insights from omics
studies

2021

Molecular Aspects of Medicine

100984 100984

DOl
10.1016/j .mam.2021.100984

50

2021

337-344

DOl

47

2021

Medical Science Digest

403-407

DOl

42

2022




39

2021

Kenichiro Kinouchi, Kazutoshi Miyashita, Hiroshi Itoh

Temporal Tissue Coordination by the Circadian Clock and Metabolic Cycles

The 9th Seoul International Congress of Endocrinology and Metabolism

2021

(Doi Masao)

(20432578) (14301)

(Miyashita Kazutoshi)

(50378759) (32612)

(Mikami Yohei)

(80528662) (32612)







