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&L THERET 2, *ji, DK CIXZDRIET = 7 RA
MR TR R O TG, SefEiiliaidsz
Z¥A Programmed Cell Death Protein 1 (PD-1, also referred to as
CD279) ¢ 19 Zfifak i HIZHBIL TR, ZAUTIH R T
&5 Programmed Cell Death Ligand 1 (PD-L1, also referred to
as CD279 and B7-H1) !V 235554 0 LSRR [ SIS
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B AREL , A4 FTRELL CUWB(1Y, Z2°C, PD-1 & PD-L1
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MNTHEY, §1PD-1 e~V AL L2 LICI>TE(L
Mz BrEL BB AE BN DS i L E 2 %
T HIENTED,

ABFFETIE, BRI Lo TR T = 7R A L Ml
ZARIEIT 2 MREL , I E USRI RIE TS

a;;ars

=3 E
WA TS T,
2. MRAE

2.1 HHBEE

TP P B IR K562 13 Riken BioResource Center
225k AL, RPMI1640 (FUIIFILM Wako Pure Chemical
Corporation) +10%7 > i& VLM (Sigma) H5HIZ THFAE L 7=,
ZIBORIEKIE 37°C, 5% CO, MBS T ChEELT,
2.2 TSRIFDERL

ERPD-1 3L PD-LI s 10> Lttt ZEA 28R 5]
e 1 E— 4% —%t 7/ . DNA (Promega) 7>5 PrimeStar
GXL DNA polymerase (Takara Bio Inc.) Fi\ YT PCR 1125~ C
HEL, VL7 27— BLR—4—7"FAIR pGL3 (Promega)

(AR LTS VERRLTZ 7 T AIR DL —47 2 A1, Genetic

analyzer 3500 (Thermo Fisher Scientific) z FV » CHERZL 7=,

2. 3 FSAIRDISURTTHIL AV

K562 #ifEiZiE Nucleofector2b (Lonza, Program T-016)
EHWTZL IRl — 2 a RIS TFTAIRZE A
L7z,
2.4 LY IIS5—ETvtEA

FIAIREE AL A EINL, 1x RIS 72
Passive lysis buffer (Promega) Z F\ N CH el HH A ARk
L7z, Dual Luciferase Reporter Assay System (Promega) &
JVR ) A—%4— (Berthold Detection Systems) % V> T, /b
7 27— BiEM AR E LT, Reporter plasmid &[FIRFIZ
Renilla reniformis /\ 7 =7 —EIEMERIE H O phRL-TK
TIAIRBHEAL, YT N TORNT VAT =2 a )
ROBEENEMIET DI, BRIV T 2T —BiE MR
L=y 7 27— BIEE TRl liE T — 2L LT,
2.5 RT-gPCR

HH A2 B33 U714, Isogen II (Nippon gene) % FH T
total RNA Z7H 1L 7=, %L 7= total RNA 75, oligo (dT),
dNTP mix, superscript IV (3°XC Thermo Fisher Scientific)
% VT complementary DNA (¢cDNA) Z{EkL 7=, B
PD-1, ER PD-L1, B RUNX1 BXL Ok TRAIL (ZxF35
¥¢ 5L 1) primer ( Eurofins genomics (24 - TH k),
THUNDERBIRD SYBR ¢PCR mix (Toyobo), EaL 7=
Cdna %iEFIL, StepOnePlus U7 /LZ AL PCR VAT A
(Thermo Fisher Scientific) 2\ T, RT-gPCR #1757z,
2. 6 HEREIETERIE

e UMz [EIR L, S5 B0 RS 7 —ig &N Z
72 MLERGHRIR Z VN CBRISEE T Tl fiadsa GHRIL 7=,
H <RI MR A SEM AL, eIt TRl A
RS LRI L 72,
2.7 HREALRIE

K5 # L 7=l i & [81 )X L T Propidium iodide (PI) i&
(10 mg/ml PI, 0.1% Triton X-100 %% ¢ PBS) (ZRHEL 7=,
Triton X-100 (28> THAEZL, PLIZJL > TEZN DNA % 4%
L7z, FACS Canto I1 (BD Biosciences) & FH\xC7 2 —4
ARARN) —1EIZ X 5T, DNA &2 G AR & ) & A
FeaHE LT, MIRSE TITEEN DNA 2355 lrs o7z
e B O G1 #1X DNA §:0/0 720 sub-Gl Eﬁ%@]m
T HZ LN L o THIBRBE A fRHT L 72,



2. 8 BRIEREMLEZIIADEN

C57BL/6JJmsSle =™ 2|2 High Salt Dict (HSD) £7-4%
£ (Control) Z5-2, 7 HHEIE LT, S HATEEH %
WIREAMIEL, HSD #HHA AR L 7=, R, K, (o,
JFNi, B, S ER AL, B EHIE B L UMBLO#1EE
EAToTz, £z, DIEOERML, MmERFE E EoGRE T =
VI IRA L NRF- I BURIT 21T o7,
2.9 fHlaRmE RGN

~ U AEAE R, 2 BDATARAZADRTT YD
SLU, #LBEC > THEBALS 52 LI Lo TR
Wl 245 72 o 5 L 72 LR B ik & B B L 72 IR L2 PharM
Lyes (PharMingen) & 1 2 "CoR I Bk 212 25 = CRE R 5
Uiz, MR ik c PE #Eikbi~w A PD-1 Hiik
(Biolegend) ¥721% PE &%k L~ X PD-L1 Hi{k
(Biolegend) 7K |C 30 43 &t7-1%, FACS Canto II %
WCHRHTL T,
2. 10 #REHEEAT

5 —# % Student’ s T-test Z AV TARTL, P<0.05 DHF
WCHEZENODEFHILT-,
3. HEHR
3.1 PD-1& PD-L1 RIRAZ4T

G EF =7 ARA L NA- PD-1 & PD-L1 OFBU &R
RIS RIE T REZ T ~572, Akl K562
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Fig. 1 RT-qPCR of PD-1 and PD-L1

faz N CRERT A AT o 72, Ml LT H OEFHIIC NaCl %
10, 20, 40, 80 mM ZHSHNL T 48 B LT, O
1%, invitro 5% C naive T flifaa Th17 Ml bSH 55
BICHOWON-RERETHLY, B LI K562 D
total RNA Z i L C PD-1 & PD-L1 OFFELHY primer set
% IV T RT-qPCR &#1T-72L 25, PD-1 & PD-L1 D%l
DR FEARAFACHA LT (Fig. 1),
3.2 SRIGEOHAIEE~DEZE

7z NaCl OHEREAEIZ 31T DR EA T~ 5720, b
VR T =Yt k5 T o 12, AR T PEtE S
[ZE o TR T L — R E st ~PEH 3572 B
e T OBETITARA DD, SEMid Tk o/
WMl E RN F g ash G nslgsnd,
NaCl 80 mM DR TH < YeE 7S I TIF LA LB
LZa3nT, AR ECIHiEEI T 2neEEZxon
7= (Fig. 2), F7c, 7o —H A MA—2—%ff L Gl fa J&
WOEACE RN LTz, MIREENIRIZE A EZ ITER
DI Tz, FEATFIIRIIEEN G DNA &2 LC,
G1 #1J20 DNA E23D 720 Sub-G1 #I2#i£25 5, NaCl
ZIMNZTHEERLTH Sub-Gl HIOHEINIXIZEA L Ao,
FRIZH W NaCl B TITMadEtE 23l A ERER
WZERHBN LT 5T- (Fig. 3) .
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K562 leukemia cells were incurvated with medium plus indicated concentration of NaCl for 48 hours.
Total RNA was extracted and cDNA was generated. RT-qPCR was performed with PD-1 and PD-L1 primer sets. Actin was used as control.



Fig. 2 Cell count
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K562 leukemia cells were incurvated with medium plus indicated concentration of NaCl for 48 hours.
Cells were harvested and mixed with trypan blue solution and cell numbers were calculated under a microscope.
Blue cells were estimated as dead cells and white cells were estimated as living cells.
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Fig. 3 Cell cycle analysis
K562 leukemia cells were incurvated with medium plus indicated concentration of NaCl for 48 hours.
Cells were stained with Pl and DNA contents were analyzed by flow cytometry.
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3. 3 RUNX1 & TRAIL ZIREHT

ENPD-L1 OB AnFFEEH I =5 —%—?D DNA
BEAN AT LT2L 25, BRI b RO 5 S
[Kl ¥ Runt related transcription factor 1 (RUNXI1, also
referred to as AML1 or PEBP2) U8 D fE A EEFIMZRD 5
Nic, 70 —4—flkE L R—2—T v DT TAI
K pGL3 T4 %2 hPD-Ll-luc Z/ER%L7-, RUNX1 (X
cofactor @ Core binding protein (CBF) L2 7 L/ 2%
kL TR 082 F D2 B HI #2175 @0, RUNXL &
CBFp #8177 AIR & hPD-L1-luc % K562 A& AL
72LZ% PD-L1 OERGIEMD 5L, PD-L1 7% RUNXI
DEFAERNEAR - Th D LD RSN, RIZ, RUNXI
& CBFB FHL 77 AIR%E K562 (23 AL T RNA L~ LT
DFBEARHT LTz, PD-L1 OWNTEMEFRBLL RUNXL (2K
STHINT HZ LB >7 (Fig. 4) .

NaCl Z iR 755 #C K562 Mz 554 L, RUNX1 O
FBUARNT LT, F72, RUNXT OFERER LU TR
72 L 7= Tumor-necrosis factor related apoptosis inducing
ligand (TRAIL) " 2D JE BT H1T o7, TRAIL (3
B AN AL THY, T2 DD /HIIEIZRIL T Rh—
AMIASEZ TR H T DT LAEBITEY, TRAIL /7T
MU RIRR AT HIENDADFIE R O ZAH

Human PD-L1 gene
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Fig. 4 PD-L1 is upregulated by RUNX1

STNHEZEZLNTNAHED 2L CYareFrh
TRAIL (345 % 722 A7 DD AZK L TR RBR M T,
ZO—HILERRE T AR 3 FE i S T 5027
NaCl ZUSIU -5 i CORGFR 1L TRAIL OREBLA R K
FFHNTIRD S 7278, RUNXI VI8 B DR b 38
R (Fig. 5),
3. 4 ERERIENMYVADEN
CEBHRE BRI -~ A% AW CERET T 72,
C57BL/6)JmsSlc 0>~/ A|Z High Salt Diet (HSD) % 5-%.,
7 HMEE LT, BRI EBRICERELFHIIL/2L2A,
WA AANSE v AL AT KT, HSD @
[FERHERL QDI e DM -7 (Fig. 6), IMERAENTZTT-
7o Bl (IR, Jo4, (CMiE, IPIEE, e, ARG 2L, @152
L7z, ZEECIERIT RO, HES TE SRS SR
BHCIIE IS T (Fig. 7). LB SERIML, fER
B R o T o 2 AT 72, HSD 48RO /57C, AL
EH(WBC) OJb & 1M (PLT) OHINAYV I L b7z
N B T2 h 7z (Fig. 8), FRILEFEL(RBC), ~E/mE
IR (HGB) ~~ MUy HCT), PR MERSFE MCV),
PIRIMER~E e S (MCH) , EARIMER~E 7 me

JE (MCHO) T3 b7 o7z,
=01
o
Fy
S 0
S
Qoo
o) 1
35 0,06
|
o 004 -
2
E 0,02
g o =
Control  RUNX1 * = p<0.05.
+CBFp
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146409 10
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PD-L1 promoter region was inserted into pGL3 and hPD-L1-luc was generated (Left).
RUNX1+CBF expression increased promoter activity (Upper right) and PD-L1 mRNA level in K562 leukemia cells.
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Fig. 5 RT-qPCR of RUNXI and TRAIL
K562 leukemia cells were incurvated with medium plus indicated concentration of NaCl for 48 hours.
Total RNA was extracted and cDNA was generated. RT-qPCR was performed with RUNX1 and TRAIL primer sets.

Actin was used as control.
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Fig. 6 Body weight of mice

C57BL/6JJmsSlc mouse’s body weights were measured before and after fed of high salt diet (HSD) for 7 days.
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Fig. 7 Body weight of mice
C57BL/6JJmsSlc mouse’s tissues were obtained after fed of high salt diet (HSD) for 7 days.
The tissue morphologies and weights were compared with those of control (normal diet).
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Fig. 8 Blood conditions

C57BL/6JJmsSlc mouse’s bloods were obtained after fed of high salt diet (HSD) for 7 days.
The conditions of blood cells were compared with those of control (normal diet).

3.5 BEBEBERYYAD PD-1 &£ PD-L1 IR RERONET PD-1 ORBUEINA LT NSN3 E
IR BRI DS FMEROAER M ECTO PD-1 B BEZEIRL, Iz b7en~7= (Fig. 9, 10),
O PD-L1 OFHAE 70— A MAN —CRATLT-, mRif



Spleen

90

80

70

60

50

Cells %

40

30

20

10

Cont. Ab PD-1 Ab

. Cont. diet

C57BL/6JJmsSlc mouse’s bloods were obtained after fed of high salt diet (HSD) for 7 days.
The white blood cells were collected and stained with PE-labeled antibodies of PD-1, then the cell surface expressions were analyzed by

Fig. 9 Cell surface expressions of PD-1

flow cytometry.
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Fig. 10 Cell surface expressions of PD-L1
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C57BL/6JJmsSlc mouse’s bloods were obtained after fed of high salt diet (HSD) for 7 days.
The white blood cells were collected and stained with PE-labeled antibodies of PD-L1, then the cell surface expressions were analyzed by

flow cytometry.
4. ER

AWFFETIE, m R EEIDET =y VRA L MA T
DFBUZE DI EE RIF TR 21T o7, 758
Hfmz = invitro 52 T NaCl R E 2o U755/ C
DRFEIZE ST PD-1 & PD-L1 OB T 52 8%
WHILTZ, ZD T AN =R BE RN 57012, BIfRT
HERB R %]~ Bk b - S |1 B HER G A 1
RUNXI1 7% PD-L1 OFEBHIHZATIZLEFE R LTz, L
L7235, NaCl ZUEETIE 80 mM D EiREE T A RUNXT O
FEHDNBOLTHY, RUNXT IEEE PD-L1 OFEEHE

2B TS ATREMED D H DD, JOIRIREIZIS\ T
fDEFR A Lo THIHIS I T DT EDVRIBS LT, i
AHAFECIE, p38 map kinase 2NRBIEE OB P —L1L
THEREL®, NFATS 2N8 s F-HBA fET 28 5 K2 T
HERET D LD N> TG @30, /\“7“U~y7?‘~5’@
fEFTCIE, BN PD-L1 7' 2E—&% — D5 BRAE ST
NFATS 7354 LTV \% Chromatin immunoprecipitation (ChIP)
T DD, NFATS D3 B2y >C PD-1 & PD-L1
DEBHENZ B> TNDZ LAV RIS D,
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Summary

Excessive salt intake is known to lead to hypertension and cardiovascular diseases, but it has not been fully
elucidated how excessive salt intake affects the immune system. It has been reported that mice fed a high-salt diet
promote differentiation into Th17 cells and exacerbate brain dysfunction and autoimmune diseases. Ingestion of
a high-salt diet can exert an anti-tumor effect that suppresses the growth of tumors such as malignant melanoma
transplanted into mice by activating NK cells. On the other hand, human cohort epidemiological studies have
revealed that men with high salt intake have an increased risk of developing gastric cancer.

In recent years, immune checkpoints have attracted attention as a new immune control mechanism, which
functions as a brake to suppress excessive immune reactions. On the other hand, cancer cells use this immune
checkpoint to escape immune surveillance. Immune cells express the receptor PD-1 on the cell surface, and
binding of the ligand PD-L1 causes immunosuppression. Many cancer cells express PD-L1 to avoid attacks from
immune cells and enable survival. Antibodies that inhibit the binding of PD-1 and PD-L1 are approved as anti-
cancer agents. In this study, we examined whether immune checkpoint factors are regulated by high salt intake
and analyzed the effects on the immune system.

When leukemic cell K562 was cultured in a medium supplemented with NaCl at the concentration used in the
Th17 cell differentiation, it was found that the expression of PD-1 and PD-L1 was attenuated. When the effect
on cell proliferation under these culture conditions was investigated, it was found that the number of dead cells and
the cell cycle was hardly changed. We analyzed regulators of PD-L1 expression and found that RUNX1, which
is involved in blood cell differentiation and immune function, increased PD-L1 expression at the transcriptional
level. Culturing in high NaCl medium attenuated the expression of RUNX1. We also found that high NaCl
medium decreased the expression of the antitumor cytokine TRAIL, which we found to be a target of RUNXI.
The mice were then fed a high-salt diet and analyzed. Mice fed a high-salt diet for 7 days showed a decrease in
white blood cell count and an increase in platelet count, but this was not significant. When we examined the
effects on the expression of PD-1 and PD-L1 on the surface of blood cells, we found that PD-1 expression in the
spleen was slightly increased in high-salt-fed mice, whereas PD-L1 was not change. It would be necessary to
analyze the effects of a high-salt diet for a longer period and the expression of immune checkpoint factors by

dividing blood cell components.
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