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—— Abstract ——
Effects of Training on NK cell activating receptors.

SuUZUI Masatoshi

PURPOSE: Natural killer (NK) cells are large cytotoxic lymphocytes and play important roles
in the innate immune system. NK cell cytotoxic activity is controlled by both activating and
inhibitory receptors. There are many activating receptors on NK cell surface, and are
responsible for eliminating tumor cells and infected cells. We have previously reported that
chronic exercise induces changes in cytolytic activity per NK cell. These receptors might be
influenced by the repeated exercise. In the present study, we examined the impact of training
on the activating receptors, and the relationships between cytotoxicity and expression of these
receptors during training.

METHODS: Eight college-level male wrestlers underwent 1-month of pre-season training. Drills
were performed 4 hours/day, 6 days/week. 3 morning resting blood samples were taken pre-
training (PRE), 1 day after the end of training (END), and 5 days after training (POST).
Phenotype and receptor density of NK cells were analyzed by flow cytometry. NKG2D (CD314),
DNAX accessory molecule -1 (DNAM-1, CD226), NKp46 (CD335), Fc y RIII (CD16) and IL-12
receptor (IL-12R, CD212) are measured as activating receptors. Cytotoxic activity was
determined using a standard °'Cr release assay, with effector to target cell ratios of 20:1, 10:1, 5:1
and 2.5:1. The lytic unit was calculated as an index of per cell cytotoxicity. Plasma adrenaline,
noradrenaline, serum C-reactive protein (CRP) and creatine phosphokinase (CPK) were also
measured. One-factor ANOVA was applied to compare the responses from PRE exercise
values with statistical significance set at p<0.05. Linear regression analyses were performed to
determine the relationship between cytotoxicity and the expression of activating receptors.
RESULTS: The expression of DNAM-1 decreased (p=0.0340) at END (p=0.0103). Expressions of
other activating receptors did not change, nor were there changes in circulating CD56"™ and
CD56>8" NK cell ratios, or in total cytolytic activity (20:1) throughout the experiment. Per-cell
cytotoxicity showed large inter-individual variation but did not change significantly. It correlated
positively with the expression of NKG2D (r=0518, p=0.010), but no significant relationship was
established with DNAM-1 expression.

DISCUSSION: The impact of training in this study seemed less than that observed in our
previous study, because 7 of the 8 subjects showed no decrease in cytotoxic activity per NK cell

at END. Nevertheless, analysis of the relationship with activating receptors indicated that
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NKG2D expression, and not DNAM-1 expression, affects the cytotoxicity per NK cell.
CONCLUSION: The results suggest that chronic exercise affects DNAM-1 expression.
Moreover, under resting conditions, cytotoxic activity per NK cell relates to the expression of

NKG2D activating receptors, and not to that of the DNAM-1 receptors.
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FL—= Y I NKMBROEELL £ 75 —I2B LIZTE

WCTIEAHTH Y, ThE TOMEREICOBELZAFIER LNz,

NK #ifgoiEttidds, w78 —LilEL 75 —1c Lo TGRE S vt % (Figure 1)
(1, 2.3, 6, 10, 11, 15, 19, 22, 23. 24, 28, 54, 55, 56, 57. 59. 60, 63. 66, 74, 75. 96. 97. 110. 113, 116. 121. 126, 128, 129, 134, 135)0 ‘E‘ ']ﬁ
{LL 7% —I13MEAN 12 immunoreceptor tyrosine-based activating motif ITAM) &IN5
HALEF — 7 25L, DPAVBER YA NARY V80 ¥ 2Tl 5 HFHL X 75 — SR
immunoreceptor tyrosine-based inhibitory motif (ITIM) & MZALZEfIEE T — 7 %2 F¢H, major
histocompatibility complex(MHC) 7 7 2 I D33 % iPik3 5. NK M0 E 2 HETd 223 AM
faeo 4 )V AERGSIOBRFIE I NS DS L Twb, MHC 7 5 A 1ide b CldEmEROMmiEE
&b iLh human leukocyte antigen (HLA) T& V), RMEKOMEEITH S ABO B4R A~
T, 10FR EERICZVRIPHEET 5. INHIIBGTOER (F213FRILRH) EEXTLL,
FREMBEECEB L CHTHEOEFE MR THE I L (self) 2RKLTWDILIIE D, BA
RYANWABRNZL Y ZOMHC 7 7 A TOEBMKT T2 Lhdob. §5& NKMlaomfHL
YTy —HINEFHTE LY, MREAEEIRIOGSEEE % %5, A missing-self
EWVHIRRET, BEFREEINLZ LIZD
Bhbo EBRICEEKTIIERLLY 7L E )

Bl 7 NDNT Y ZE D THER Activating Receptor
HOZEFI Y FO— L ERTn5,
F—=2 728> T4 OMROWEYE  Target Cell
PEATIZOTHNE, CoLH%LET
¥ —IZH AL E L T BT REMD D 5. Inhibitory Receptor
% Z T, ABFZETIE NK Mg Lok L )

75 —IlEBLT, 20BN L—=
Lo THBEZTHODERET L7

Figure 1. NK iz DEEEMED I bO—

I. &

1. #ERE

WERE (IR BT R4’ (HAEKFERBRL R ¥ FHiR, FeEE) & L7z, #HBEO
BRI % TablellIR L7z BEREICIZH O LOEBRANEF L ZHUTE b4 falrtE 23 L,
SR EEICEZ TS/, %8B, AWFIEiE The American College of Sports and Medicine
“Policy Statement Regarding the Use of Human Subjects and Informed Consent’®” ®3 LU
“The Declaration of Helsinki" (2> CaTH % 37 C7zo

2. hL—z=7
BHhRADL » BB OMILEEENEDO ML —=r 7L L7 (Figure 2)o b L —=r 7HhOHEE
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BIGEE OB &L 1) b IR V4R T, S8 IE6HT- 72,

Table 1. #EE O H A4

Subject Age Height(cm) Weight (kg)
A 21 180 91
B 20 175 63
& 20 172 68.2
D 19 178 110
E 18 174 68.4
F 19 167 60
G 18 167 61
H 19 173 99
Average 19.3 1733 776
SD 10 47 195
3 Hours/Day 4 Hours/Day 3 Hours/Day
6 Days/Week 6 Days/Week 6 Days/Week

Tapering

7/15 8/31 9/4

Figure 2. £8& 70 b3

3. il

RO Y A4 KA~ M b L—=r7H (7TA15H, PRE), L —=>r71 (8A31H, END),
E{E8H (9H4H, POST) D3MEE L7z, IRILZERMIC LY, FEATEEICHTH 21K 5 O EKEE THI
ik & 47> 72 (MN-SVS2IBH, 7 V€, Hi). BEZERIME IIMER 7L — > 7ml (VP-PO70K,
FIVE, HED), 1ML ethylenediaminetetraacetic acid(EDTA)-2Na 5ml(VP-NAOS0KN, 7 v
E, HE) & EDTA-2K 2ml(VP-DK052K, 7 V&, HE), KM EFEE (peripheral blood
mononuclear cell, PBMC) Zr#HIZ~7%1) ~»10ml(VP-HI00K, 7)VE, ®i) #f#HHL, —EO
FRIMEEEZ24 ml & L7z BRIMBFTIZEHRL 2 ) » FEEREITE Lo BIKIZHERL 2 IKGREL,
LY HHFICETIERERFEFERIEFBETTI L1

4. AERE

(1) MmEREsE & MEAWE

MmEkEE (B84T, XT2000i, YA Xv 7R, fiF), Mg (BEMSEE) & EDTA-2K &S0
YHWTHRIE L 720 FIMBRGTE (GFEk, ) > 8Bk BER SFERER, (PHEEIR) ORBIMEEZTHE
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SRy AmEkMIcELLIZETER L, #7317 3~ (high performance liquid
chromatography (HPLC) #:) & 2)VF ' —)b (radioimmunoassay (RIA) [EfH{%) (X EDTA-2Na
N4 %, Creactive protein(CRP, T 7 v 7 A%JElti#P:) & creatine phosphokinase (CPK,
HAERRILFS (JSCC) HREEALRISE:) (I % v TllE L 720

(2 7a—HA +A Y-

1) V8BRS E & NK g EofEH il 78 —oEHig7ao—4% A F A—%— (FACSCalibur,
BD Japan, &) I2& V0, L7 £9, PBMC 2~/ VRN L 221K % 1) > Bk ik
(phosphate buffered solution, PBS, FCa,”, Mg,”, 14190-250, GIBCO, 94 777 /uy—2X
TVxtv, BE) Tl USARL, Vo /SERGEER (3L — kL, By, =) BCERL,
BB AR L 7m0orBE (400G, 3057, Low Brake, Zi) (2 & D ERHLL 72 PBMC 1210%
VBRI (fatal calf serum, FCS, F942, ¥ 7~ TIVRY v F Jx/380, HE), =) ¥
(100 IU/mL) BRUA R L7 b~A ¥ (100 mg/mL) (15140-148, GIBCO, 74 777 /ui —
AV ¥ 8y, BIR) IO RPMI-1640 (22400097, GIBCO, 94 777 /0y —XJ ¥ /80, Hi)
HIZ ACTHIE E THRE L 726

) VBRI B L OY NK e ot kL + 7% — D %3S fluorescein isothiocyanate (FITC)
-FL1, phycoerythrin(PE)-FL2, peridinin-chlorophyll (PerCP)-FL3, allophycocyanin (APC)-FL4
DAH T —DE /) 7 O— VHEGAEIC L YHIE L 72o PBMC 1x 10MBIC TS ROTUESD 7 7V % I
Z, 2057, ACHEEATIC CHERRFA L7z. 20k, PBS T2EMEH L, HE T TACHREITICRAE L
720 et Lol 70— 14 b A—%— (FACSCalibur, BD ¥ ¥/%r, Wi) %@L T, fETH
V7 k77 CellQuest Pro 6.0 (BD ¥ v /8>, W) #FIH L CHENE LML 2. ) 235k

NKGZ2D  kir2DL
KIR3DL

CD56

KIR2DS
NKp44

CD94/NKG2C s (e CD94/NKG2A/B
NKp30 Lair-1
KLRG-1

Black: Activating Receptor
Gray : Inhibitory Receptor

(Lanier, J. Immunol.,2007)

Figure 3. NK L £ 7% —
NK #B2IC 3B EICSC DFEMIEL 72— EMEIEL £ T2 —PREL TV 3,



46

EiZ) /85 r — NROETEEP HHRE L, ANV S— T HllE (CD4 T #if2) 1 CD3" CD4 " #lfa,
¥5— T#ifg (CD8 T #ifa) 1& CD3" CD8 #ifE, NK Mifid CD3™ CD16" CD56" #ifa, B #ifaid
CD3™CD19" e & L7:o NK HHIEIZ & 512 CDES6MFHD & T CD56"™ NK Mg & CD56"" NK
ML 7o IS OMIRIZT T VSRS — Y AOHEL KD, BT I THELRIZHE
) UNEKIBEER R UMEE L

F7:, SEONKBREEALLE TS — L L CIdMEE L2338 L Tv % immunoglobulin
gamma Fc region receptor III (FcyRII, CD16), homing cell adhesion molecule, (HCAM,
CD44), interleukine-12 receptor IL-12R, CD212), DNAX accessory molecule 1 (DNAM-1,
CD226), NK cell receptor D(NKG2D, CD314), NK cell p46-related protein (NKp46, CD335)
& L (Figure 3), #0H#GE% CD3 CD56% #fa b THlE L 720 HRALESE (7 u—-2) &
PerCP %4 CD3 (SK7), FITC #4& CD44 (G44-26), PE #& CD212 (24E6), CD314 (1D11) &
BD ¥ %/%Y (HE) kb, FITC#4& CD4 (OKT4), PE#4 CD8 (B9.11), CD335 (BAB281)
B3Ry o<y a—vy¥ -y (), FITCHA CDI6 (CB16), CD226 (11A8), APC#
4 CD19 (S]25C1), CD56 (MEMI188) iZNA NS 4% A A (#E, £EE) JHBAL.

(3) NK #ifatzEEts

NK Mol EE 28R 25 Cr U ) — AR CllE L7 9 Zaoiiia & L C e MRIFERAEE MR
HERaRE K562 % 16/ L 72, K562/fa% 100 1 Ci @ Na, *Cr0,% &$:10% FCS ¥/ RPMI-1640T
37C, 605FMIEIRBAE L CIN) ¥ Tk Tolee 2O, 3EBGEEL, 1x10°/ml L7 967 =
NVFT Y FRPLAT L= PRV, TOEAHIALI00 411 % 1048) 122x10°%/ml (ZF% L7 PBMC
FIT7xr 8= =7 EHP20:1, 10:1, 5:1, 25 1% B L) ICHARDELZ. —EREL
L7:%%, 37C, 5% CO, TARMIEIRIRAE L, 20k, EFEBEHNL, Fr<h vy —THEL .
%3P, maximum release FIZIZ T 7 = 7 ¥ — DD 1210% Triton X-100 (¥~ TNV FI v F
Ty, BR) 2RV BEEEIUTORTREH L.

%lysis=(experimental release-spontaneous release)/(maximum release-spontaneous release) X

100

ML 72 ) OIEM T T A 72012 Iytic units(LU) #ERSITICL VEHR L. LU EFIX
IOMEDERHIAN20% 2 BET B L7 = 7 ¥ — OB #ARD SHEL, Fh% PBMC 1x10°
BB L7y ZOEZ ESIZUTORICL T NK #Hfg7- D 2R L 4.

Lytic Units (20%) - NK '+ 107°= Lytic Units - [%NK cells - (1 - 10° PBMC-Monocytes)]

5. HEHNLE
ERIITFY + EBEEETEL. BRITFEEMLE Y 7 F StatView-] 50 (k2—) Y7 X, HH)
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L= Y NKHIBBOEELL Ty -l B LT

%AV, HEZEZ p<005& L7:o PRE 205D %EALI one-factor ANOVA #FEH L, &% FED
MHEENHEITIES A AR A~ FE % Bonferroni's post hoc 77 A b TIRE L 72 HEHM L EE
ILL & 7% —DBEFRIZOWTER S 24T 70
o #2
1. BMBRYEE Y N HHEOEL

HEMIREL, SFPERkEL, ) o 3RS L UBRBICEELE(MiEA b o7 (Figure 4). &
BEEkEUE END T (p=0.0249) %, HFEZEIREL POST THEM (p=00129) %R L7z V) ¥ /%
B/ E T B MBEHT POST (p<0.0001) THEEZMWMARL SO, NKHH (CD56" NK Hif
BLUCD56"" NK #ifg) xU®, CD4 T fifs, CD8 T MR IXHEELZLEA SN ED o7
(Figure 5)

2. AFA-NVF I, JNFJ—I, CRP, CPKRENZEIL

M7 FL ) VigEIZEND TR T L (p=0.0003), POST ¢ PREfEL Y EVF o7
(Figure 6, p=0.0035)o / V7 FL 1) ViBEIZHiZ END ML (p=00028), POST T &1{A
FRo72 (p=00001), L2 L, #0OLHHEEIIWTHHLHEEEBEUN (7 FLF1J ;100 pg/
mlELF, /7 FLF1) > ;100450 pg/ml) DEALZE o7, I aVF V' — VigE (Figure 7),
Ifi% CRP &% (Figure 8), Ii% CPK #&&E (Figure 9) WA ELEALZRE %2 d o7 CPKIEE
& PRE O T2974 U/l 1), ikl (62287 U/) % ERIBEIZ 572,

(cells/uL) Leukocyte (cells/uL) Neutrophil (cells/uL) Lymphocyte
10,000 6,000 4,000
8,000 - |
soor % } __i 4000 M 3,000
4,000 | 2,000
! 2,000+ :
2,000 1,000
I 1 1 1 1 i
PRE END POST PRE END POST PRE END POST
{cells/ul) Monocyte (cells/uL) Eosinophil (cells/ul) Basophil
600 600 200
400 - 400 | 150
H__} 100
200 200 - 50
) ] ] i 0
PRE END POST PRE END POST PRE END POST

Figure 4. MBS BN ZEAL
F-R BRI HZRFE, FRATEEAO M EL o1,
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(cells/ul)} Helper T Cell (cells/ul) Killer T Cell {cells/uL} B CellT
2,000 1,500 600 -
1,500 - 1,000 | 400 |
1,000 | i }___%

500 | 500 [ 200 -

0 1 ] 1 ] 0 1 l
PRE END POST PRE END POST PRE END POST
(cells/ul) CD569M NK Cell  (cells/ul) CD56Pright NK Cell

600 40

400 | 30
20 |

200 |- 10k

| ] 0 1 1

PRE END POST

Figure 5. U > INBRRBIDZAE

PRE END POST

F— 2t HIEREE, BHES POST ML -, %X PREMELY BB LEILE, 14 onefactor
ANOVAICBWITEEBLTIEY H - EERLTWVWD, HEZEINE p<0.05& L1

(pg/ml) AdrenalineT (pg/ml)  Noradrenalinet
80 600
*
60 400 | :
obd . /H
ol - 200
0 I ] I !
PRE END POST PRE END POST

Figure 6. MiFEH T2 -7 I L BEDTEL

F— 2 I FHHEHERE, Adrenaline ¥ END & POST (Z{ETF L, #(Z Noradrenaline (3 END
L POSTICHEMUL 7, * (S PREEL Y HABLE({LE, 113 onefactor ANOVA ICHWTHE

LT H -1 EERLTVD, HEER p<0.05& L%,

(ug/dl) Cortisol (mg/dl) CRP N CPK
30 0.4 800
ol 03} 600 -
02k 400 F
10 o1k M 200 |
O ] 1 O ] 1 O | 1
PRE END POST PRE END POST PRE END POST

Figure 7. M¥EILFJ - ILBED

%=1t

F -2 G HIFEREE,
EBLTIEEHONE D> 0

Figure 8. Iflj& CRP BEE D ZE1t

F -2 L FHHIEERE,
HEGEERBOINE o1

Figure 9. [f1;5 CRP BEDE(L

F—2 BFHIRERE,
FRELTtRAS NGl T,
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3. NK filR@FaEHNZEL

Figure 1012 NK Hifafs &tk & Mifa 72 ) o EEHEOIBETH 2 LU 2R L 72 HEETEILE
EMEB L UMY 72 ) OEHEE b I %o 720

(%)
60

40
20

0

NKCA

20:1 10:1 5:1 2.5:1
E:T Ratio

Lytic Units (20%)/NK cell x 10

60

40

20

0

Figure 10. NK Mg =EMHDEAL

T2 FHHRERE, BREAEERASNWEL o1

4. NK#fifa EDEMEL 75— DRBR
CD3 CD56%™ i Lo L+ 7% — D58 % Figure 11~15127x L7z. CD16 (Figure 11), CD212
(Figure 12), \[ZI3EBELEILIZA SN EH o 72, CD226 (Figure 13) I3HEIZEILL (p=0.0340),
END I2f&TF (p=0.0103) %/RL7zo POST dbHEE L o UMK T 2R L72AS, AETIEaho7
(p=0.1283) . CD314IIHERETIIHEBELLELTId R A o7275, PREENLOELE (AME) TRIA
# (p=00006) & 7% o7 (AEDORERIIRLTWEW), ZDOHAIZid END(p=00002), POST
(p=0.0042) THEMARENT, 2721, CAMNSFAETIIZ )T RETIEI S o7. CD33BL#E
ETIIENR SN, AETIZI ANOVA TELLTWw A Z EAavRE iz (p=00497) 25, 1 4
KA >~ ME D post hoc test TIXFAEEAEIIREIN L D072,

5. EEEMLEMEL T 2 - DRk

ML 72 ) OFEROWETH S LU LFERILL TS —0REBIZOWT, BESHTZTW
Figurel6~2012#5H AR L7z T2 T CD34L DFEBUCHE (p=00095) Z%IEDOHE (r=05173)
AREN7z, CD16, CD212, CD2264 & U CD335& 13BMRA A H e o 720

1

PRE

END POST
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1,500

1,000
MFI

500

CD16(FcrRIl)

T

0

MFI

80
60
40
20

CD212(IL-12R)

E

0

—+—*

PRE

END POST

PRE

END POST

(cells)
80

60
40 |-
20

0
80

60 |-
END 40}
20

0
80

60 |
40+
20 F

0
100 10!

PRE

POST

102 103 104

Figure 11. CD16DHREBE DO EL

CD3 CD56°™ NK Ml LiC & 3RE, KIS 70
T -2 EFHHIEERE,

BELBERHOSNE D o1, HBFIEEX N T LR
LD, TERASNED - 10

HBEDEHICEZX TS5 LICPRE DB XEICEDE -8
BERL

(cells)
50
40 |-
30}
20
10 |-

0
50

40 |
30}
20
10}
0
50

40}
30}
20+
10}

0
100 107

PRE

END

POST

102 108 104

Figure 12. CD2120 RN E1L

CD3 CD56°™ NK #l3 LI 11 3 RB, Thi&TS5T7D
F— 2 L FHHIEERE,
BEELT(ERAHO NG o/, BBFIZEEX NI T LR
LD, BlRkHaSNEDL o1,
HBD-HICEX M T LICPRE DB AEICAEDE 7-#
|RERLI
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CD226 (DNAM-1) T
1,500 -

1,000 -
MFI

500 -

0 | |
PRE END POST

(cells)
80

60 |-
PRE 40
20

0
80

60 |-
END 40
20 -

0 aud
80

60 |-
POST 40 |
20 |

0
100 10" 102 108 104

Figure 13. CD226 D EIFEDZE1L

CD3 CD56°™ NK il LICH T 2RE, FhigT 57D
F— 2 LY HIEERE,

END ICHEWTHELET (p=0.0103) & 5N, #
BFEEX NI SLICRLED, ENDICH TS, ETH
RENTWE, EBDE®HICEZ TS5 LICPRE DBEX
BICAbE-RIRERLA, *RPREEL Y B EBLE
{£%, 1% one-factor ANOVA ICEWTHEBLATIEN -
12 EERLTVWS, BBZE p<0.05& L,

CD314(NKG2D)
300

200 -
MFI

100 -

1

0

PRE END POST

(cells)
60

40
PRE
20

0
60

40
END
20

0
60

40

POST
20

-

0
100 10" 102 108 104

Figure 14. CD314NDRBNZ1L

CD3  CD56°™ NK #ifa ki3 3%H, IThiRI 570
T -2 B FHHIEERFE,

BELBIERASNED o1, BEFIEEZ NI T LICR
LD, TR HS5hEH 51,

HBOEHICEX NS ALICPREDBAEICAD Y 1-#
BERL
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200

150

MFl 100
50

0

CD335(NKp46)

:

PRE END POST

(cells)

50
40
30
20
10

PRE

0 |

50
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20
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0
50

40
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20
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END

POST
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Figure 15. CD335M B NZEL

CD3™ CD56°™ NK #ifa L IC & 3%H, Hhi&T/ 570
T2 B FHHIRERE,
BELELRAHONE L o1, HEFIEERX T T LISR
LD, BlR&SNEDL ST,

HEED-HICER NS5 LICPRE DBAEICEHE-#E

BERL
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60

y=00072x+28034
r=00224

40 -
*

LU

20 +

i L2 ’ %
0 i 1 |
0 400 800 12001600

CD16

Figure 16. CD16MHEE & LU ORAR
HELMRERES A o1,

60

y=00034x+20774

r=00041
40

20 + —E—"Q.—O—
or [ 4
0 ] ] ]
0 20 40 60 80
CD212

-]
~l

Figure 17. CD2120OFR & LU DORIR
BREBEBASNE P o1,

60
o  YO0056:21249
a0 L r=00104
- 0 b o
pu ¢ %
20 | — 8%t d——
.o.o'
0 1 t !
‘0 30 60 90 120
CD226

Figure 18. CD226(ORB & LU ORER
EELBARBAS hAE D1

V. EE

i. FL—Z2T0%E

SEO1 ¥ Qb2 b —o Yy ZRBE N -2 v GEE/H) 12 bR—HIBMEVEE
BER] (4R / H) Thorne THIILBNICHRE LA ML —= v 7E8R Y (Eemesn « sy / B)
WCHRTEBEE LTUIP R %%, 2070, Hi~OBHEDIEETH % CK(Figure 8) ©4 5
ERRRL MRS, AV PELTUIREHEMLA O TR b o2 bl E NG, 12721,
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