u

) <

The University of Osaka
Institutional Knowledge Archive

el BEHEREICL 2B HEEEERERSHIEOLEIC
DWW T-4FICNatural KillersEMHEICDWT-

Author(s) |#R{E, BESR; /N, EZ; filg), & b

Version Type|VoR

URL https://hdl.handle.net/11094/18158

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



MEA1584£12 H25H 1415--(59)

BEHRIG R X % BEER EE SRS RO EEIC O\ T
—¥§iC Natural Killer i&E#icoWT—

BT B A

®R £ B ®

AR B BB RE L
hE EZ #E B NF A=
=is I R e RE M

(PRFNS84F 2 A25H %)
(PRFNS84E 4 H26 H B ERZ)

Effect of Radiotherapy on Immune Competence of Cancer Patients
—Especially on Natural Killer Activity—
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We evaluated the immune competence of 91 cancer patients treated by radiation using various
immunological parameters, including NK activity.

The patients studied included cases with esophageal, lung, uterine, and hreast cancer. Before
radiotherapy, $H-thymidine uptake of lymphocytes stimulated with PHA in cancer patients was
significantly lower than that in normal controls (p<0.001). However, no differences were observed in the
percentages of both T' and B cells,or NK activity between these two groups.

The number of peripheral blood lymphocytes was reduced by irradiation (p<0.001), but returned to
near the pretreatment level 3 to 6 months after the end of radiotherapy.

After the irradiation of over 40 Gy, the percentage of T cells was decreased (p<0.05), and that of B
cells was increased (p<0.001).

sH-thymidine uptake of lymphocytes stimulated with PHA was further decreased (p<0.01) by the
irradiation of over 40 Gy.

Reduction in NK activity by the irradiation of over 4() Gy was demonstrated, not only when
peripheral mononuclear cells were used as effector cells (p<0.001) but also when the lymphocyte
preparation was used (p<0.01).

Three to 6 months after the end of radiotherapy, both NK activity and the percentage of T cells
returened to the pretreatment level, but the suppression of 3H-thymidine uptake of lymphocytes
stimulated with PHA lasted.
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Thus, suppressive effects of radiotherapy on these immune parameters varied in degree. However,
all of them indicated marked suppression of immune competence around the end of radiotherapy. The
reduction in NK activity observed in this period may have clinical significance in relation to recurrence
or metastasis considering the assumed preventive role of the activity in tumor growth.
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%iﬁlﬂﬂﬂ#ﬁﬁﬁ?b X 5 L¥ 5 REFEH (mmunosur-
veillence) DERICEIC = LA, EEFHEEOMN
HOBEA~DEELSFE LB EELZLRY, B
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NK & 2 BlE T 5 o effector i & LTk
REEREGELHVICH (1) &) v Roik
BAWieBH D gL, hZhlsfls X019
BIOMEAN TR & Lz, EEDHIFIE Table
LRI T, & LTRER, g TE5,
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RERE, BAENGAER SO RBREECHEE
B, WEREFEIES TR, IS X OERS R
1LF] Table IC/RTIHL THofe, BERBEEO ]
BB IOIBEOL 1A HIIRHY B E L
B, Z DAL FRREER & B HEBRATH Y,
ARG R D B &R (T - 1 (e, SEOREHE
X, BHBORICHEBOWKEYE: X BETIEE
BLOEHE Y v BIZERS L), BERAEI,
Cobalt-60 % 7% Lineac X-ray i & 5 iR E 4
Ty, FEREE T, BEABHLHE L,

Table 1 Case material

Effector cells used for NK activity assay
I Peripheral mononuclear cells

IT Lymphocytes
I II
Male Female Age Male Female Age

Esophageal cancer 8 5 3 60--78 10 9 1 58—74
Lung cancer 3 2 1 46-—66 9 6 3 52—78
Uterine cancer 5 0 5 46--74 20 0 20 43—32
Breast cancer 8 0 8 42--62 7 0 7 38—B6
Miscellaneous 9 7 2 24--68 12 7 5 17-77

Total 33 14 19 24--78 58 22 36 17—82
Normal control 15 9 6 20--48 19 10 9 20—48




EFN584E12 A 25 H

-

D REREORAE R, REH, B, BitEo
ExOROBETIie - e, BEREREOE
Brmsiic, (D RBEHBF (2) 1,600~2,400
rad BETH OB, (3) 4,000rad LA_FBaHDE,
(4 BEETHI »ALUEG6 » ARMEGORE, D4
HEREOEE L, Lt TCE8BreEEh sy
SONLFE—TXinr o7, KESHICKE IR
Do o7, 2) RIBBEEEROGHE - ~2) vig
Ifi U750 X b Ficoll-Conray ¥ iz T 355k %
SEELTe, NKESEREEEL C, IETIX5%
Silica (KAC-2, BAHEHEI) ¥~ ¥ vk
Wi 1/108 Nz, 37CIT 1 BEE/ER 2@ 768
Ficoll-Conray ¥ % f7 7t 5 = & & X b macro-
phage #FkE L7, ZOMEIZ X » macrophage
DBBARII2HELT Lo ote, ok, BaHREES
DEREOBEDORMED KIFEEIRF ICILH
5~30%® macrophage & ¥ h T\ iz,

3) NKiEH:oRIEE kb0 kLT
fTe-7c®, RMEBIK ¥ 7213, macrophage % [&
Wit U v S BRE10% 45 R IS s in RPMI 1640
124X 10°/ml ¥ B T & ¢ effector Mg & L
fo. target MHARIY, ZRE MR ERHR LIRS K-562
1X10%= %#100xci © Na*CrO, (£ F ) +5) 790
S B 3 EIYE% L, RPMI 16401 2, 5% 10°/ml
BRECEE S TR L. effector fAR100k],
target #l 401 % triplicate © microculture
plate (Limbro, CAT. No. 76—013—05) © %& well
whnz CTEFL (E: T=20:1),5% CO,, 37CIc
T3, 5KpfIEEE L7c#8, Titertek supernatant
collection system 1=C _FiF 22 L, *Cr jk H{E
AV b Uk, %R Cr i fE xR cH
HL, ki NKiEHE L,

%FERACr T HifE =

Experimental 5'Cr release
Maximum *'Cr release

—Spontaneous *'Cr release
—apontaneous *'Cr release

X100 (%)

Experimental *Cr release i%, effector #ifig &
target I X EAM L TEEELLE SO,
Spontaneous °'Cr release (%, 10%RPMI 1640%
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N 7z target MR ELHEEEIF O Maximum *Cr
release (%, 1% sodium dodecyl sulfate % 0 % 7=
target MfAES 2R 05 Cr M HME 2 77,

4) PHAW X 3V v ~BRpELRIGH B
RIGE IR 25%4 B4 8 1 175 %5 in RPMI 16404
1X10°/ml $# EE 1= 3% X 4, microculture plate
1245 well 20041 450 triplicate THEE LTz, Z R
I 100fE %58 L 7= PHAP (Difco) %201 Z8¥s10 L
T, 2 HRES% CO,, 37TCTEEELIHE, & well
& 7z 90.25xCi ®*H-thymidine (The Radio-
chemical Centre, 5Ci/m mol) Z#FML & 51220
R O RER LTI - fo, B8 T #, multisample
cell harvester (FIBFZE) 1= T MR % IO L ¥k o
VFV—avhvva - THRAIE DA E
#72*H-thymidine O G484 HITE Uz, $hELEE
JEOREE L PHA SEGRINFE D HSBE % 8 U 72 net
count (cpm) TEbH LI,

5) THika, BMRE 5ROME | B AP
Fifdoxy bRACTHIE LR, RBEZERY
poly-L-lysine % 4 L T microplatete J& & i {1 #
&4, Z i Neuraminidase ML e v < FRilEk
(E)#7cid, IgM FUAERIFRAE A v v o ARiER
(EAC) Zinzmis E R T304 HRIG &2,
“ O microplate % %% L T E-rosette ¥ 7213,
EAC-rosette TR MIfRD EE #T1e - 7o, KifH
BERBA L - BER s X OERIER I3, peroxydase
RERKTCEOFEY KDL, THlRS X OBk
OEDRIERIIC X > CTHH L,

THilRESR=
(E)+(EAC)

(B X tByF CEACY = Py <100 (%)

Bt E43E = ((EJ+(EAC))

—THRESE (%)

(EJ, (EAC)X E-rosette 33 X 1%, EAC-rosette
WrcMfa®, (PJix peroxydase B #Ra » 4% 4
B (%) &7,

6) HEEFFAIMRE SEOREENREC X -
THOhET — 2 —DEFHEOEOREX, Stu-
dent ® t BEIL L - TITR\, EEESYLIT A
boTHBENDD LHELE,
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1) NK &l B3 2 Aagavtas

a) effector M@ : target Mif@ (E: T) k& NK
&,

NK & 1% effector Milan F 2 84 = L &
b, E:T=10:1~40: 10 CclRIFEFMC LR
TAHZERBDLRE (Fig. 1. £Z Tt45EOHK
FCi, E: T H20: 1287,

b) macrophage B A D ¥ £

BAHRERF O BE CRRBMF D ) v <Eic
ke U € macrophage 23X By nd- 5% = & 23
2\ =, macrophage @ NK iEHERIEC R iET
PE% LI, Silica IZ £ » T macrophage %
BrZE L1z Y v 8k effector fliflg & L -8B413,
R BB 2E% effector Ml & Lo ikt
B LT NKEEO EFRED bhic, Hichstig
BERPOBETNKEROETLTWAHATE,
B A I #F L € macrophage BrE 1 X B i
EADEEFPBETH -7z (Fig. 2)., “0 ki
f&H(%, macrophage DEAD =D DR R Iic
L BEIBRRENEE 2 Bh BB, macrophage-
monocyte RIC X % suppressor ZBic X 9T HE
AR CEREE L LR, SEDORFDOHE
T3 macrophage ¥ [\~ 72 V v~ Tk % effector
ML LTHWE,

¢) F—EARR}5 NK EHOLET

BERF—EACRTS NKEEOEE Y 5

T T T
10:1 20:1 401 EIT

Fig. 1 E: T ratio and NK activity.

BAEFHRRE2ME 8405 Hlos

80+
50 -
8
(1.48)
= o
ES A (1.43)
2 %éﬂ (1.26)
5]
T 404 /7/
¥ -
a(2.51)
20 /%-‘U.GU
~ A(2.51)
= >
g/ L (relative
// activity)
./
Silica Silica

(=) {+)
Fig. 2 Effect of silica treatment on NK activity.
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Fig. 3 Variation of NK activity in normal
controls.

& 6 7 ARt o TR LIcE % Fig. 31
LTz, U v oSERE effector Ml & L-B4E. 3
Bl B3 5 BUEME DO FIHE & £ OBERE L h
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Y EBRII2~29%TH o1, “DX 5 EEHD
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Fig. 4 Change of lymphocyte counts during
radiotherapy in patients.

FEE LT, BFLEORME, target MAI04&
e, BADRDOEERENRE L bR EETE
thote, Tl NK EEORIERORIE
BifTbhholed, WEBKEAVav e —
N ORBEAD NK IEHED, A—ADFHFIh5 &
Z2bh 5 TBEE LSRR L T\ e, +0
WMHOF — 2 TR LI,

2) KA Y v <ERAEETH

KV v BB, KRBSHBETIL,301+582/
mm?® (mean = S.D.) TH-7zA, 1,600~-2,400
rad JREHBF T126574:257/mm?® (p<0.001), 4,000
rad Dl_ERBETBET12574+385/mm?® (p<0.001) &
THEhRBHBECHERTERECET LT W
(Fig. 4., X MEH#3~6r AR TI1,004+
445/mm? & 4,000rad Ll EFRSH B L CEE I
BWiEZRL (p<0.0D) EEOHEMERL .

3) PHA WX %) v ~BRYGEALEIG

PHAW X % ) v < BR$BERIGIZ KRB BET
11,033+5,075cpm T b, fEEEA18,900+5,300
cpm L THERBIEMEEL R L (p<0.00D),
4,000rad Ll | F& 8 B T & 15 127,045+ 4,479
cpm (p<0.01) & RBHBEHBE L TEERET
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Fig. 5 Change of °H-thymidine uptake of
lymphocytes stimulated with PHA during
radiotherapy in patients. Shaded area represents
normal range = 1 5.D.

L7 (Fig. 5). ¥BHE3I~6»ABTYH
6,2144:3,884cpm TH h BE O MEHA IXFEDH b h
Tohvofo,

4) THIRES RS X 0T Mk

THRE D RIIFRBHFECT3,4412.8% &
ADT2.8+6.6% & DMICENAD bhiniroic
%3, 1,600~2,400rad f& & B T 1162.2+17.0%
(p<0.05), 4,000rad LA | & 5 ¥ C 1362.8+
19.0% (p<0.05) &fTh b RBHBCH LCEE
RE T 23R L7 (Fig. 6), THBFHE3I~658
FFTIRT0.0111.2% & BE OEM A FED b,
T faE T B RBEFEOL, 0251475/ mm?ic b
B L, 1,600~2,400rad JRH 5 <1570+ 156,/mm?
(p<0.001), 4,000rad DA RSB CI23854-239/
mm® (p<0.001) EHFEFRBFLLHFELL, TR
514 3 ~ 6 4 BB CIX770+416/mm?® & 4,000rad
PDEBHFEE L CHE EA PR L (p<
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Fig. 6 Change of T cell percentage during

radiotherapy in patients,

0.01).

5) BREBE 433 % X OB MHfaie x5

BHRE SR IRBHFETIS.5+11.8% TRk
ADI2.516.9% L TR HMELYTL,
1,600~2,400rad FREHHECT1230.5£20.2% (p<
0.05), 4,000rad L\ b &5+ 8 T 1232.8£17.9%
(p<0.001) (RBHBCILTAERERLEALR
L (Fig. 7). BE# 3 ~6 » AR TLI24.4%
13.8% LIETOEAERL, THRESXRLEE
DOBIRA 5 hadbhic, BRI MBI R B S
FED286+221/mmIc tEEF L, 1,600~2,400rad f&
B3 T X132+ 101/mm® (p<0.01), 4,000red L
EREHBETIX151+132/mmP L E T @™ AR L
fo, EICMBEE 3~ 6 4 BB TI3221+173/mm?®
EEEOERZR LI,

6) NK &

effector fif@ & U CRIBEBEREFEH LicHE
(Fig. 8), fEFE A o NK 5 #:1335.7+16.5%T
Bote, ThiH L TRBHFRB.9£10.9% &
EEREYRD D -Teh, 1,600~2,400rad B
BB T1322.5+7.5% (p<0.05), 4,000rad Ll k
FBSHFETI1315.0£9.9% (p<0.001) & EHLET

BAEFMAHRESHE $43% 51258

P-<0.00
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Fig. 7 Change of B cell percentage during radioth-
erapy in patients.
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Fig. 8 Change of NK activity in peripheral
mononuclear cells during radiotherapy in
patients.
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Fig. 9 Change of NK activity in lymphocytes
during radiotherapy.

et Lic$é& (Fig. 9, BB A O NKIE# 2
46.1+16.0% TH -7, Thicw L CRBEB
Ti344.3+16.4%, 1,600~2,400radfB44 B Cix
38.7+16.4% L B R REXRDInd - 12, 4,000
rad DI EBEIBETI329.7414.4% (p<0.01) &4
BRETEZD BRI,

COXLSRY v RGERHA-BE, NKE
HEOEBL, REEERYBVBakL T
YBETED > elFA—DEALXRLE, 2R
3 ~6» BRETI47.3+12. 4% L BEAD L
~SAETEIEL T,

D FA—BETHT5 NK GO RS REET
L AEH)

FR%E - TR 57z 30U Loz, Fig
Y v < 3R% effector #iflg & L T NK i& ¥ % #iI 5
L1260z 313 5 BN, Fig. 100W< TH -
e, FERLA, RERE1AZER £EE2 6,
Fis 2 61, FLA% 16, T2 34, BABEGA
BE 160, ¥L-IE 1 FIOHI06ITIE, KRR
721%1,600~2,400red fEAT IS ICEEEE L, 4,000rad
LA ERSER I NK BlEOE T2 R, ¥ i-RE
MTHI ~6 7 ABIBIE LB 7THTI, 26
REEOMEBE AR LI, ChboiER, bl
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Fig. 10 Serial change of NK activity in
lymphocytes during radiotherapy in each
patients,

a) esophageal cancer, b) lung cancer, c)
breast cancer, d) uterine cancer e) testicular
rhabdomyosarcoma, f) ureteral cancer, g)
seminoma

EZz bhic,
# =

B R 35 1) B REEILETIE, SHRTcBERE M
BEh, FIHEL OMBERCEERT H EH
CEELE->TWaEE2BRE, SEEE S,
ROERE, B, FEM, S oBHEOHE
HIR VSRR EBE 2R & L, NK G2 P
D& LTHEA DREFERN AT A —2 -2 ATH
SRR O M RN T A BEYREL
7.

)V SBRAEBUIREE D % < 0 L FRERS
MIBRIC X D ERLFLER LK, Vv BREH
kst 5 KlRBE 0 BT REI I, LA
RHFPOBH, KOE ROV v AfHosl
LB LENTED, Vv B ORI EEHE
WD Y v SBRCH3 2 iEHE O B 0 R MiafE B
CL2EEXORE, SEOEELORFTIE,
1,600~2,400rad BAFETT CIcZRW @b 2R
®, JBEHEE 3 ~ 6 » ARECIRE b icEEOEE
HRDIDIEBRBHFEL VEETHD, Vv
RERECVv A CRIMBET S EZ25h
7o,

THIRE SR CRRBHFECEEA & SRR
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DEXRL, 1,600~2,400rad 8 4 B¥ & 04,000
rad LEBSEH CRBRECH A IEERET 27

Lic, $7BHE3~6» AR TREBIERBHR
DOV ~LZEE LT, BiilRE S RiLREBE
HTTTRBREAL Y BECETEZTL, Bt
o TTHIRESR L FOEBH Y RTLH>TH-
7o, THRERE, EFROBLIBEETH-
by VAR OB R R LRSI L DB S H
A ERL, BiifgiEdid, 50E0 LRI
bbb, Vv ARROBEA YRR L CHLO
Er AR L, THMRRE O B O kSRS
C2oWT, THRORZELTCET D 0™
2, BAfER X H REEZMRE W ET5H DM %
50, B CRAEORIHICENLZSOhi L
T5HOWINRE, ZhbOfEROMEEI DO
T, WEDBED Y v RIRADHROEAXFR
ELTWAHES HHHY, EE LCEEDOHE
BEOBHBICIB EbE2ZBRE, EELOBNT
b THRESROEBHIBEETH 7. LHLT
MY, BRERYEREI D R % HEEF (subset) 237
L, FHEBFMEBARBRZIHEOENRLZ LR
5198 = i THRESROEB D e\
HFich, TOEFOBBICHEEY L U T T E
BleKE B e b bTaEMRHB, Lic
No TSI, €727 er—AHEM 2
RHEFZOWTORFNOLETHSEELDA
5,

PHAW X %) v BRehFELRIGEBE Iz X b
BT 5 & DEENRL L HIO20 EH L DT
% *H-thymidine DR b AR KBHBECT CTIc
BEALVEMELZRL, BHERECHME &b
SHIET L, FBAH3 ~6» ARTHIE
E% 7R LEEOEMILZRD Isd -7, PHA 5t
THRIGHER—BRCTHROBEY XRS5 b0
EZIhTW5R, SEOEELORN T TR
B4R E PHAWEL B ) v ABRGERIGOEE
WARER DA T BB RRD b hie, Z OMIfaE &8
BELoMMOFER L LTIE, 1) PHAR XS Y v
SERGECRICEIAET 5 H5BOFEME, Tk
% inhibitory cells 238520222 &%, 2) Fi
LT Y v AROBEFHOMEBRREZIML T RE

AABEFHAHRTFRMIE H43% F125

NBERAZLCLATEELRELZLNS,

NK fifi, e b, =92, 9 V2 ERHEET
%, HUBFR mitogen ORI Lic BRI RS,
F&ED %\ XFESRMMR N L CEE® (cytotox-
icity) #FTHREMEY v ABHTHY, BEEwy
T MO IBISE LT B 2 LB IR T
WAz, Immunosurveillence ®Z8 %3 5
EEZLRTWIZTHRRROKMALIER - K=
ALIEEH =Y AL OMCEHRBERTEN IS -
eI RENT 540k LT, NKiljaoE
BB E 2 bh s, BEBR T, NK iEED
BEL O3 S BIEEE OHE Y EHT 5 o L p
BOLRTW5220 v  BEEEEED NK iF
BV TDOZhETORMILTLE—ELT
Wigh, Tiob bRl L D ET2EBH A L35
b0, BEALFEOENRNETHHD, ¥
oD EREICL 50L 56D EHATH
B,

SEOEE L OB TR, FBHOEMELEE
EZONKEHEGBEACKE L CEERETY
REMED o tedy, BHREROETICEL bR T
BERETEZRLL, FLBAEETHEE, 3~6
» Bo BRI PHA X 5 ) v -3kghEik
RIS T LMoy < AreEfELl, o
NK i&#: D {E F ik, macrophage & &7\ Ei
TIL X b @3 T H -7z H macrophage % i\ 7o
Y VR AR T 2 HERD & h, macro-
phage M¥EFT B Z Lic L A Ahlt LoET
FciirwEErzbhic,

BB EC L 5 NKIEEOEBIOWTO
BRI, R Blomgren B3V L FLIE
BEIE TR TR NKIEEIMET 278
L, 3~4» Aty v BEcET L TRy
IOV~ icBEETSZ L2 FELTWS, 20
B EELOBLERE ILAHKLTS, =
D X5 B RBA I X 5 NK iR T O
& LT3, effector Milan F o2k & FHiE D EAL
D 22HE 2 b BB E OFEMIL IR b Tt
Ly,

in vivo B&SHZ X B NK Eik 0 st RS
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