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Serum Cytotoxic Factor in Rheumatoid Arthritis

S5he]  ER A
YASUNORT SHIMAOKA

IN TR S &

Department of Orthopaedic Surgery, Osaka University Medical School

Key Words : M24:%¥fii v = F (Rheumatoid arthritis)
01 o e 25 4 (K -1 (Cytotoxic factor) .
4 Sk i Kk 5 (Systemic tissue damage)
F AWML (Peripheral blood serum)

(k)

EREIE WM R A B o F K MU0 < k. B AR I HE A% R @ o U 85 5 0l
WEB->bOMNd B EEEWE L. Jkia ik IO » o Mk Y H %
7»6@K&UW®@T@MWMKWH&L#O;@%ﬁm\WPaME®ﬂ4
bAoA . AR OME. ¥ 7. protease. collagenases PLAZTS E D Hy g ik #
BRI oto COWEIE, AR MIE T, EWAMMBRKESSE L, X7,
fli # @ k& b HIING K & IEF uUJx-ﬁfL Lo CORTFMHMEENARABER,
e i o TS N & e 2 H B E A - Tk, BLEL RAKHE
KRGS Ic. RADOLFEMMBEZCME L, ThE TS O VER

; B EER CFYEER OILL o

A
S
>
A
(@)
=]
o
q
(@)
o)
3
=
=3
v
- ]
o
-
®
)

o B
L
- I




ABSTRACT

The peripheral blood serum of patients with severe active rheumatoid
arthritis (RA) was found to have a cytotoxic effect on autologous
mononuclear cells. The cytotoxic factor was partially purified and

shown to have a molecular weight of about 900 kd, using gel filtration.

The factor differed from cytokines such as tumor necrosis factor-
alpha (TNF-a) and also differed from complement components. It also
differed from hydrolytic enzyme such as protease, collagenase, and
phospholipase A.. It destroyed normal peripheral blood mononuclear
cells in vitro at the same concentration as it found in vivo, and also
nonspecifically destroyed such human cell lines as CCRF-CEM, Raji,
U=Sidfa e and SHl=60, Each RA patient with this serum cytotoxic factor
had severe systemic tissue disease as well as rapid and severe
destruction of most joints. Thus, we have identified a cytotoxic
factor in RA serum which causes systemic tissue damage.
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B) otk oY v «%EF%H’/"I%A%’& Lo BE. L\Tﬂt)'?)f
U H G e F RO Y v v T BRISE (198 TH) VEALTHL
Lo Eho. AWK D 6 » H LM, L\rbxfcx%zfu% FItE &% TViEn
. o B
EgEavime—aELTiE, .kmﬁ§$ SRR ROV 8k o
4 TR E 4B (5520, 12 2 i EH"‘JEE%M 3+a., Tk ZHEAL,

2 ) KA
ARSI 2RI L. ﬁ@éﬁtﬁ8wg\wﬁ§¢L 17 % 5y BfE L 720 $RIM
MBI ERE T -80 CicCHEEREL 2o

3 ) fha 5y S 3t

FAGM A ~ Y I TIRIM L. Ficoll/Paque (Pharmacia, Piscataway,
NI) ML AL T AR ER C PBMC ) B sYBEL foo NI MK A AR 0
it ( phosphate-buffered saliﬁe\ PBS ), (=T 3 [@pEH Lk, 100 U/ml
penicillin. 100 g g/nl streptomycin, KO, 5 % 5L I % & & 4 T il
RPMI 1640 T {FiliEx & 7o

4) EE‘.*FFEH[H$WHU&J:Z;DNA
REBE RO E LS PBMC ’5: 0. 25% @ phytohemagglutinin ( PHA,




Wellcome Diagnostics, Dartfold, England)icCTHIB L. 96 XN=4 27254
=T lL—bIRT, 1%X10°%/well (200 1)DIRET, 37 °C, 5% CO, T7 2 B}
MR LI, COLE, REFERC@TED 50% BAMERMEE. JEHRNIEE
fERR L f2o '

1%’3%“ Froq4 il 1 gCi/well®*li-thymidine (*H-TdR) %#F&EML, F 0
MoABZEEky v Fr—vavhoryy—cTRIEL o

5) %4 Xk @<= b5 7 4 — (Size-exclusion Chromatography) iZ & 3%
IM1L 7 B% 53 @ 47 [l

10 ml OMil%., @Sdiigiks e< 23574 —+v 25 4 (high-performance
liquid chromatographic gel filtration system (TSK gel G4000 SW, Toso
Co., Ltd., Japan)) (ZCHyl L 7o ARHEMIZ 0.5 M NaClZ & 0.01 M Mk
Mefiie (pll 7.4) & L. WE 3 ml/minT. 143BICEDMEERML 720 &40
%, YMS ultrafiltration membrane (Amicon Co., MA, Ireland)icT 1.8 ml
WA L. PBSTHENT L AR, 2.0 mlic i LRIMICH Wi,

6 ) IE %5 AN I B R ER 0 DNA & BRI 24 B 43 i % 43 O 55
ﬁk'ﬁ"&'%ﬂto o AL IEFPBMCEPHAW CTHIB L. 1x10%/well (200 1) o jfE
CESMIMEE 2 0w LIRML 2. 37 °C. 5% CO,icT 7 2 BEEHELE L 42,
DNAG B Aifal o ¢y [Ekkic L ClllE L oo

7 ) e {55 A G

KW MG OMIE~DEEEEZXD2 2OHETFFMLIce BB 1) b Yoy
YT N =GB KBGO ORIE 2) tetrazolium salt dye. 3-(4, 5-
dimethylthiazol-2, 5-diphenyltetrazolium bromide (MTT)?’: * % Aj\ 7z &5
et E Btk (rapid colorimetric assay) TdH b0 MIT B3 b v Fy 7Ol
JKH¥ S (mitocondorial dehydlogenase) T ICEME T 5, b, £HEMIED
B MIT ZMLE2D0C, CHICEDAEGFMREETFMT 2 ENTE 3,
KRR E. 5 wg/nlOBEED MTT % PBS HiCEAR L, D 20ul%k w420
Trv—tOFKwelliTIMA 37 C. 4 WREES 2, CoKic 0.01 N x2S
Usodium laurylsulfate® 50 x 1 MA CTAl#E{L L. ImmunoReader NJ-2001
(Nippon InterMed K.K., Japan)ic T, 570 nmC DO WEEE (optical density.
0.D.) ZWEL 7o

P O A < B A oo G I s 1 % N 2 f_ HOEMMaE LT, REEHLVIEL
IEFPBMC, MU LITORM e rflatkz lWioe BB, ~—3F 5 b1y oo

( Burkitt's lymphoma) £ AL &A1/ ) v <FEREEHINEEE ( lymphoblast-
like cell line ) T& 2 Rajififid . &Y »FIKEEHIMMH ( acute
lymphoblastic leukemia) & HORWMIME OB STTENI T Y oo IFERRANNG B
( T lymphoblastoid cell line ) Td& % CCRF-CEMHNNE . R & il Sk E 10155
(promyelocytic leukemia) HEE D ARMYM & » &L & A 72 §if B il 2R M2 Bk
( promyelocytic cell line) T& SHL-60, MO, FAEERAE  histioeytic
lymphoma) & » 37 & 7 HEERERAINB L C monocyte-like cell line) TH 5
U-937% FH Wi,

HE : 0.5 wg/ml @ mitomycin C (MMC) %2 E L 100 x 1OFHIIC, PBMCIE .
2x10° cells/wel |lOWE T, T ObDfElubkic > W TR, 2X10° cells/well
ODBET, TNENSTCI csu*l"Jirm g
COHBIT, 40 w1 (20%) DAL E. M B0 wld RPMI 1640& A, & I
2 OBFfER/ Lo CCThPYUNyTa—BEmicky, ‘ﬂuiJ’t FE ( cell
viability) Z8H L o ifiﬁl”j"uMH WA ESIL B ERFEIC LD MY
{HEM (cytotoxicity) ZEHEINAMBPOE N R THML., LT L DR
H Lfoe

filo s EYE (ecytotoxicity)
= damaged cells (%)

0.D. (positive control)- 0.D. (experimental)

0.D. (positive control)

8 ) Bl 4
Ay L7 %56 °C. 300y & 5 . 85°C. 540 pHl T.ATHMEEL /ol B K
AL faEEENEbN S % AU7£ Ly

9 ) 4 fif % 0k Tk
proteaseififf id. Protease Substrate Gel Kit (Bio-Rad, Richmond, CA)*’
AHWTHIEL e COX M+ bk, 1% agar&bovine casein’“ﬁ/u't"fd 0,
BikDproteaseT G A TOVNIE, % O JE P B Y8BT & Z O E R
SIEMMNBHNEE NS, £, COXF NMF » FIZED, serum plasmin, trypsin,
a -chymotrypsin. M Upronase/E WiMlE c& 3 ZEWAPHENTWE, D
Fovd oy MBI B /D GE EEE (S trypsindf 3T 34 unit/ml TH » oo




collagenaserfith (3 B6' & L Cfluorescein isothiocyanate (FICT) %z L #-
type 1 collagen (Koragen Gijutsu Kenshukai, Japan)ZR'H & L CH \\ 72 &
i ( solution method ) ® % W foo WERIEME R, Fildhic 4 pR e L 7
FICTERG = 5 — % » % 495 nm(excitation) . 520 nm(emission) ( C 4¢3k i i %
Mg L aEin L 72 o

phospholipase A: (PLA,) WEtEIX. WIKRKRO/NEFS D DB EIICR - 1o Bl B,
PLA2IC & sl & dltllnllhﬁiﬁ 9-anthryldiazomethane CFFEK{L L. %
WHE KR 2= b 2757 4 —CHEEL, 254nmD A SIS £ 0 R L 720
margaric acidzN#EEdE L LT, K4 0B ATER L. KIERICIE,
5 nM CaCl.. e, HEH &L LT 0.8 nM 1-palmitoyl-2-oleoyl-
phosphatidylglycerol ( Avanti Polar Inc. Co. ) . 5mM sodium cholate.
0.1M NaCl, 0.1 M Tris-HCl (pH 8.5)% &, TNICHRIEKEMA . PLA, TEHE
By 14587 0F LA YEEDHI%Z nmoles T£ L 720

1 0) #Kat g by
MU il D 46 U3 2 L S HE (R 3 T £ L foo
(#R)
1 ) PBMCODNAE B (Xt 4 5 F i o %) f

PHARI 5% El L PBMC  1x 10° cells / wel 1200 1)ic. KADHEDMB 100
il (50%) ZMMA CHRIEL 72 WE & CE, MEORMICE 26T, *H-TdR
DIWOIABIZ EH Lo ﬂuJLL\RATM 7 B4 B, *H-TdRD HY
DABOD ERZRS N 3P, *U-TAROH VA S DI » 13 /b %86 .
DNAG R DN 3R & e (Fig. 1.) o CHED, COSHIORABED M
Wy IR = mEl e 2, F oMl EEcmcmEsEEh s & &
P DAL S

2 ) IEH PBMCO DNA A Y (< Xt o 2 43 il [l i o %h B

fEWH PR LI DORAEES MOMEEY 1 X 7=t 257 ( —
EHOWT, B4 No. 310 HNo. T0F TOA0MCHEEL 720 CDOKAMED. PHAS
PIE RS PBMC D DNA & % i X4 9 2 %) B %~ foo PHABIIPBMCZ . 20 12 1 O fil 5 & 4)
MM (Fig. 2. —[J-) . FALBRABRESWME (-W-) £2MA<C3
MIESTE L PH-TARDIND AB Z T L 2o MBE LT, HHDOAH (@ p.c.) TH
BLILEDH-TARDILD A B ENE L 2o BMEMA 72 & & D H-TdRD I
DIABDBIET L TCOBENIE, CONMCDNAAKINEMEOMBERES TN 2 &

R LTW3,

PHARI X PBMC A JEHI > & CHER L 7o & & O H-TdRO ML D A& k. 128,030+
3,32T dop.m. TH o oo W HDOHWIGEZMA T E &, *H-TARD I O A & &
WFNDSFWIC BT H116,520 dop.m BLIETHD . DNAGER D M (2% o 1
oo RAMS X@}MMMVMKK_*@HIM@WDLAHZU@ 3 [
THIH E v 7o BB, Fraction No.42 (CE¥94> T & 900kd) & Fraction No. 56
(EH5> T8 280kd) T %o Fraction No. 42COMEIE. R AHE 3 #il4 ~
TR B SN ( FHEH-TdR. 1,486+2, 144 d.p.m. ) o < AvicxtL
Praction No.56CONIHIix. BETH O (CFIS*H-TdR. 80,462+ 98,020 d. p.m.)
NI 1 2 O 1l S R 1| 0 0 KR & S AN /N

UTOERTIEH. bNAGIKIC T 2B o h - 72 Fraction No. 42

‘*—/Dld‘ LuJ]l\jgo

3 ) Fraction No. 42 o iP5 ok

MMCALEE L 7 0iC %4 4 D Fraction No. 42D %h 2 8 <720 40 1D Fraction
No.42 Z wel lC A 2 A B EER, P U~ v 70 —gef UL A (F# N
TRIELIe JTO&EDAEGFMNEE. BEIEH G oM E e x4 2 1 Gl
HEEHER, cell viability) Tl L 720
AEFA TS B EFPBMC. RajiflifE. CCRF-CEMMING. HL-60MINE. M oy U-937
flaT, TN Z453.9+6.1%, 24. 5+8.4%, 11.1+10. 1%, 84,3+ 7. 2%, 46,14
fd%iEN S 1L & midl Lofe Clabs 12 o it »C, Fraction No.42ic & O DNAE K
MEIE VS L0k, GLAMBOGENI SRS TWS S &Y S HhiEis
2 e

& S icFraction No. 420 & Ml & b I E Mk (X 4 2 i IE {5 35 4 2 MTT 2 Fi W 72 &
T E BHE THG L 7co MINIBEIEME 3. IEHPBMC, RajifilNd, CCREF-CEMAN .
HL-600 A, Beor, U-93THHNE T, =N FA145:2+6.4, 77.6+3.6, 94.6+0.7,
10.4+1.6, 40.6+6.1%TdH » 7 (Tab. 1.) o EEMJHING & L TH W 7 Ml ok i
LV IESZHICEBEDL DL DD, Fraction No. 421, ¢ X T D HINE % I 45 5L 04
CBEL o mitomycin C ALEP L 72CCR l~‘—(‘EM7’=l[H]"J’ 2ABG IS 3% L 72 2 o BT
BEEBE A Figure 3.I1C/R"d o Figure ARSI D A TR L 72 & D, Figure 3B
& Fraction No.42%40u |1 MA THEFZR LI SD TH %, Fraction No. 42% i)

FTAHIEWCED, B EL  KiE u\mwugwbnumm LTWwa, Ll
FToEBRTI. BOBZMDED - 722D CCRF-CEM I la % HE e & L <.
Fraction No. 42D NG EM 2= P X720 Fraction No.42 O HINS{E & o

KEMWZI e 5 w1 540 u LOGEUH CZ B (7 P N (5 35 1 208 L




7o (Fig, 4.) ¢

YA b OB T OMBIEER T (TNF-a) . & % F o MBI v
LclaGEtE 28> Ehmoncusd, 22 chald, Ni-a O MIfaEE
tEic>0ThH, MITZH Ol bkD T ¢l <7 250 U/ml® recombinant
human TNF-a MA) O I 155 22 b 13 . IF 55 PRMCI= 24 L C 14
2.0£2.47CdH o720 F /oy CORF-CEMHING I X L T & [EI Bk & M5 F 1k 1k i3
EARLRORDB o (B L e

(Genzyme, Cambridge!

4 ) Fraction No. d28F 2 fill N B 5 4 o 2 ok

Fraction No.42 oMo 5E5 1 O BlR 1 2 #R 5T L 720 56°C. S0 MLEEC ., %
D {5 FVE CHUR Y, COMISGEE GHEROMBEICL 2 D TIRE W
L#EZ bﬂf:o o, 85C. S BOLWTHEERDOETIRED O e,
Fraction No.42 DA {SE @ EICH L TLEETH B ENbHh - 1,

5) Fraction No. 42D 43 i fi% 305 ¥

Fraction No. 421C kK » CH|ER I N AHMBREEDO A D =X L EZMB I,
WO DONIRERIEEE T N b & DO 2MIE. BEXT Fraction No. 424>
PLAWEHEZ B~ Fco WF N DK
NI -t PLATEME IR, & &
DI7E TiE 137.4+28.8 nmol/min/ml & & Wil 2 88 72 %, Fraction No, 42
T 2.1+£0.8 nmol/min/ml EiEtE K, BARKZ bDEEZ SN,

W, proteaseifif. collagenasenfifh. AN .

(ki bproteaserith. collagenaseif izt &

(ZX) ,

P &S N AR M P EER DO DNAB B AS, in vivoT, & F &EHAH =4S
FoTfleanNs LB ONTVE, EIABRARMMIMFELS., HEDOFK
MBI FRE WD S JHF RO SMmamEEs R4+ o &1
CNETHENLR OV, FCTIKAB, COL I RERBMBEBELS &R
VWEBRCH 20 2RIAET 2 Lize COMEE., MIAEEMEZE->Y 4
b A4 Y ThBTINF-a ®Lynphotoxin(INF-8)E BHO MR B EEZL SN,
BERSE, CNoDY A M hA v FIEFEBAMEEEES S, BEmEE Lo
WA DA WIS 200 TChs, CcOTEELDEIEICT ZEDIc, KA
(& recombinant human TNF-a % O TAFEE & FBLHE T, =DM EEN %I
Nl MESNTOLLERNTO TNF-a WEMEE. RAMBROGEH T, S~
25U/M”“”"”’T%afo O 10 {EoiGt o TNF-a (250 U/ml) ZFW 1

HITE R R EAEEEESZIRD >t £, COYEIL, 56 °C. 304 D #h

LB T b RIGEE 4. P — ik — kLo E & bR EE XL, & ok
% e CdﬂWi{%+LM$%Ltﬂmaﬂlm1Nu42®)}mﬂ%%uﬁmﬂp0k\l+@3fLﬁm

C D4yl i i protease‘hfi'f’k\ collagenaseidG (3D - foo Ly 1o e 1
2.1 nmol/min/ml 2 HE s LML, INWEEMEROEH DL, 53%&4! C el (5

Witk T©dH . Fraction No.42 O ffillafEaEdid, PLA. & bR B EE R S i,
INEWPIEICF Dodic, £ FEBELCELO. BloF@ED "D Tt L«
PLA:%Z . Fraction No. 420 1 0 O {HilitE TRV, [6 Bk D KR ZE 1T - 7208, il
SEERREN D - fco - TC, Fraction No. 42 OISR EMEIX . PLAIC X
2bD0TERRBOVERMHG Lo UL, BlEDEL A, COYHICK > Tl &2 C
ZHINAEED A = XA BGAWTH D,

'@ME&#»%M YU TR T8 900kd i E— 2 2B MUUESD & (6 e

WL, /b EDMiE£DbD bHNAGEEEZRST &0 SHKN

Tl %
bEEMIE WSS s L E L o, RRELBEDLE A SKE OB C
&a@T\“W“HU?W%WM\iﬁJHH«n W .

S DR AR Sl E A R ARE 3 HIIE. 2THLLEEEIRE
fEsc ., J% 4 0)4”“”1 TE5RAWESB'YCR. o755 2 (mutllallng
disease . MUD) {4y M & ukocngc R A D oA B LT
ZLOMENBEINTERL, Jhrxa b, HEBAETLEFMT. T L - 115 U
P M N A ¥ (polymorphonuclear cell factot . PMN factor) itk 2stkdd T &

1

¢ MEik s R LIES L EME L. &I AH, IaA@@ammu
WEFCHLCE., INEFTCELALHENRGE Lo KGR, 28O
MEELR ST D& LT RAFRMIMMT ﬁwme@EuMHﬁﬂhﬁ
FbDTH Do MM, HHoRH ROCERMERCHEL TRERE TEL T
%0

(ol &)

MR A O & F L, KBAY
T R R LR I TR B L E
F AL 0z O /LS

fErtkZ bz, AU OEEE,

R 5 I AR HE JH' HIS #4012 . BEEE IR °fF
Fro. AREBOPLALNGE B LB /Wi iinie s
Ak, #MitLx= L L FY
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fraction No. 42 ¥ NE-a
A0 11 (20 % 250 U/m)
cell viability (® (ot (canaget b1l )

PBMC 53.9+6. 1 45.2+6.4 2.0+2.4
Raji 24.5+8.4 77.6+3.6 1.0+2.5
CCRF-CEN 1. 1+10. 1 94.6+0.7 2.0+2.4
IIL-60 84.3£7.2 ‘ 10.4+1.6 0.1+2.8
U-937 46.1+6.4 40. 6 +6. | 20.8+2.3

[Table 1.] Cytotoxicity of fraction No.42 and TNF-a.

MMC-treated cells were cultured with fraction No.42 or with TNF-a.

Cell viability (%) was assessed using trypan blue staining.
Cytotoxicity shows the percentage of damaged cells and was assessed

using a rapid colorimetric assay employing MTT.

- f&=

3H-d. p. m.

180. 000—
160. 000—
140, 000—
120, 000—
100. 000—

80. 000 —
60. 000 —
40. 000 —

20,000 —

0

150% serum +50% serum

Normal SR DA
(h=d) (n=1)

[(Figure 1.] Effect of serum on DNA synthesis by autologous PBMC.
(] : healthy adults (n=4). M : RA palients (n=17)

© 4+50% serum : cultures with 50% autologous serum.
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ionated serum on DNA synthesis by PBMC.

[Figure 2.] Effects of Fraet
thymidine by PBMC cultured with medium

‘'® p.c. incorporation of -

only.

- H, & . A incorporation of *li-thymidine by PBMC cultured with

fractions from RA serum. b4l
ctions from a healthy adult.

A incorporation in cultures with fra
blue dextran.

are the following molecular weight markers
throglobulin (B), ferritin (C), catalase (D),
Values are the meant SEM of triple wells.

<A Yo 'F
2000 (A),
and ribonuclease A (B

ovalbumin (E),

s /3-
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e £s . .
[Figure 3.] Micrograph of MMC-treated CCRF-CEM cells cultured with or
without fraction No.42.
(A), Cultured for 24 hours with medium only. (B), Cultured with 40 1

of fraction No. 42. Many ce]ls have been destroyed and their number
is decreased. (magniliation x 100).
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(Figure 4.] Dose-dependent cytotoxicity of fraction No.42.
Cytotoxicity was assayed using CCRF-CEM cells as the targets.

Cytotoxicity increased depending on the amount of fraction No.42 added
to cultures from 5 p 1 to 40 pu 1.
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