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Chronic polyarthritis caused by mammalian DNA that escapes from degradation in macrophages

A large amount of chromosomal DNA is actively degraded during some physiological contexts such as
programmed cell death and definitive erythropoiesis. DNase Il is an acid DNase, and localized in lysosomes.
It is required to degrade DNA of apoptotic cells after macrophages engulf dying cells, and also to degrade
the nuclear DNA expelled from erythroid precursor cells. In the fetal liver and thymus of the DNase II7- mice,
there are many abnormal macrophages which carry numerous undigested DNA, and the macrophages
constitutively produce IFN-/3 . DNase II”- mice die in feto due to severe anemia caused by the overproduc-
tion of IFN-/5 .

To analyze the physiological role of DNase Il in adult stage, we established two mice lines: DNase Il IFN-
IR(type-I interferon receptor)” mice and mice with an induced deletion of the DNase Il gene. Here we show
the two mice lines (referred to DNasell deficient mice) develop a chronic polyarthritis resembling human
rheumatoid arthritis (RA). Histology showed severe synovitis accompanied by pannus formation and bone
erosion. A set of inflammatory cytokine such as IL-1, IL-6, and TNF-« genes was strongly activated in the
affected joints of these mice. Macrophages in bone marrow and spleen accumulated undigested DNA. Both
gene expression of TNF-« in bone marrow and concentration of TNF-« in serum were elevated in DNasell
deficient mice before the disease onset. The disease development was blocked by administration of neutral-
izing antibody against TNF-« or the loss of TNF-a gene indicating that TNF-« played an essential role for
the arthritis caused by impaired DNA degradation. In contrast, Rag2 deficiency (thus lack of B cells and T
cells) did not affect the onset of the disease. These results show the arthritis in DNasell deficient mice is
dependent of cytokines and innate immunity but independent of acquired immunity.

These findings add an evidence to the unique concept we have proposed: "If DNA is not properly de-
graded, DNA causes adverse effects to organisms." We suggest an unexpected possibility that impaired
DNA degradation can cause arthritis. Abnormal activation of macrophages or innate immunity may trigger
the arthritis in some cases of human RA. DNase Il deficient mice which show well resembling characteristics
with human RA will contribute to reveal the pathology and develop beneficial therapies in RA.
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DNase 1/ vy 7Jh< 7 XA TIE KRR
DNANY ~-70O77—IZ&TEL, BRAEEGEL
53
HOOBEIZEHR %49 DNA L, EEATOVL 22 DJF
HIZBWT, EMIICHH NS, FEIX DNA G FO £
HEHRL S THEL S 2127 5 HIT, DNAGRIEE %
KIBL7zY T AL CTEY). ZORER, 7TRF—=V A
HiHE o DNA %1%, SEMAEACTIEH % CAD (caspase-
activated DNase) & SEAMAAE & S LR ICEEMRO ) v
YV — L TCTYEF9 % DNase I 281 L T Ho TWwW5b Z & 2B
LI L7227z, ARimERaT BRI 2> & BAZR I S
eiE~ a7y —VICAERESN, O DNA L DNase IT
WX oTHESNGE Z & IS A L72Y. DNase IIE AT
BRI L, DNAGBRAEGIFoN L L, w77 7 —Ji3k
IEDNA # &L, EHLENTA v ¥ — 7 =10 Y (IFN)-
BRIEAET 49, FEE SN2 IFN-B 1 T MU <0 AR I ER AT B
MR oYEgE, SALEZ IR L, 2085, <7 ALt/
LR EFEOLMEE L TREMTHRT S, b OkE
X, 7075 AL R AR MLERD K HAEAE TR 2 5 DNA D
SIIEDS, BRI BT B ERME O34, v TR AR O IE
HREIZLHETH S L EZR L. L L—7F, DNase IliE
ZFDORBIIEET T b 726 728, ik~ 7 X TDNase
EETFOERNER LB T 5 2 LIIATETH o7,

DNase 12 AT RIBT 577 XIIENE
B~ FICEELIL 7-RIET R & FIEL /-

WIEFLEL, KA TO DNase 1 O 2L 22T 5 H
BT, 22D R D DNase IRKIB~ 7 A & B, f#pT L 729,
1 DIEIFN-8 D5 %K, TFN-IR (Typel IFN receptor) & DNase
I » " E/RI~ 7 A (DNase I IEN-IR*) TH 5. _HE/XKIE
~ T AIEMEREI SFTHELY, DNase 1 / v 7 77 b
Y ACOFREHEEMOFEIRAIFN-p TH 5D Z & & FHT 5
LB, BAKICBI BN EEE o7z 9 12D%
MELCHERODNase 1T T4 aF N/ v o7k
~ 7 A (Mx1-Cre™ DNase IT") 2 /E# L7z, 2D~ R,
HF%1 4 A CTpoly(D:poly(C) 2 #2595 Z LI X 1), IFNFH
ERETTHAHMIBIEFOTIE—F —FIEFEE N7
Cre flffa 2 BEZAEH L, % < DMMET, ARAWHYIZ DNase
IGEEF DR EN L. 202/ D~ 7 A LFEFEDEKIR
ERLEZE XY, KfgTid22 %4 CDNase I’'RIE~
ALEHTS.

DNase IKIF~ 7 213, @IS ki) 51200, filk, %K
OXRMHPIERE L 72 (R1A). BRI E & D ICHEL L,
TP EET 5L LI, BMERBOTEIMEAZE L (AT L7,
COFRIE, ZEREY T ATIIEZR2~37 AL 505
BEEh, 5~64% HFTICREHTREENZDSNZ. 2
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T4 aFN sy T b= A28 T b poly(I):poly
OF5-%, FEOIY A AT —ATIORENKEL, 20O
&R (L, DNase IR T-HMRIBORRIZ L 5 b O L

L7, ®3ER, 2o~ Ahe MY 7 < F (Reumatoid
Arthritis: RA) (ZJHM L 72 BEHi 2 & F6hE L TV 5 DT> e
#2772 RAW, ANODOHK 0.5~ 1.0% 2SRET 218 MHRE
HERETH B, RATIE, BEI% O B8 8E5m L,
pannus &IN5 RFERRD SAEHR T T 5. SHEDE
tr&, Wl BVIES A, BMEOMEEIMERT TS L &
LIS, FIEFICHE VAT 725 F. RADERIZOWTIX
RO S WA, THIKLC BHIE, SAEMET A A A v
EDEETAHCRERERLEEZ SN TV,

DNase IIRIE~ 7 2 DBEIF QMM v 2 /E L, ~~< b
¥V Y -IF VY HE REEiTok (K1B). K<Y
A CIRIEEMfR A EIE L, 2 212 8Bk, v o717 7 —
U, a7 EoREMRSERE L TB Y, 2 S 2 B
IO LTV, pannus (2 & > THMIIZRAE SN, ¥k
FIHEEL TV, BOML CBHES N THRE & FoEER
Hl L TWARM bR SN, Zh S Miki%ide FRAD
WEZIC X CHEML Tz,

RA TIIBIET D SAEGRAL T, SEMEY A b A A Y AVRELS
FEEEIND Z L HMEEINTWAS, 2T, DNase IKIE~
7 A DB B EEY A M AV OEETHEE
%, UTNVZ A LPCRICEK > TER L. T5EKRE~Y
AT, IEW =™ A2, TNF-« 71044, IL-18 432014,
IL-675100f5 12 b KE S ERALTBY, WL WRIESH
ETCWBLIEZEMNTBLELBI, TOXTATAHALNRS
MEiAA L P RACEHUML TWAZ L& S5 I L7-.

T/, 2OXTRIBWT, MIEFHHAE % ELISAIC LD
To72£ 2%, & PRABEOIMFETICEA T2 L2601
TWwb 1) 7= kA FHETX°MMP-3 (matrix metalloprotease-3)
EPIY IR —L T AL CHEEICEWMEEZRL
2. INSORERDL, 2O ATRIET 5 i K£ATRA
BUTAILE2RTF—y D12 w25, —F, RARE
V2B VR ME TR & 71 5 HLCCP (cyclic citrullinated peptide)
PURD LA FBDO SN, fIORAET NI T ZUIZB VT
PLCCPHUAZ B L 2513472 L, o7 v 24T
WRAT 24 L, MEICHRNEZMZAZLERH L EEZ TV
5.

DNase I'RIE~ 7 XA TOREEIRIZIITNF- o
PSR THD

R1Z, 72 DNase ILEfET O KIB TR KIS Z 5 DD,
ZORREES 72 T3, MR B2 SOEMBEICBY
T, DNA2ERHL-~x 707 7 — UNEHEE SR, Kl
ERATELAIIL 2> &5 OBt HKDNAZ ZERE L Twb EEZ N
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X1 DNase I’REBYYRIZH T BHIE, BEOENRA
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(A) DNase Il R#E~ 7 X265\ DRI, BERFEOEREE
. (B) DNase lI’RiE8~ 7 X2 & | 2SR DMBEE. —EX
BYYZ, A>T« YaF VKO IXTIREISESBTHLL
REHNPEBETWS. KB EENEMHIEE L TV B IR,
B:%&, C:#&, BM: &8, JC : Bd&ifE, Sy: BIR, P:
pannus. A4 —JL/N—=50 ym (3@ 6 &) &xE)

7z. Z L, DNase HKIE~ 7 ZA D5, Ml CTlE TNF-o &
BT OFWDS, EFE T AR 2EIC LR L Twa 2k
ERIBL7. 2O, WK OBRSEE S WED 5257
A#LE 2 SBICEE S hz, MATmERIcEIns
TNF-a 13, IEH~ 7 A TEBERT 20pg/ml) DL 7% D123
L, KA~ T ATIE, 2.5 HlwELET2* 5% 100pg/ml 125E T
% TNF-a 2SI S 72, RNT, SRIEGAD AT o 7o
DNA 2 %M L7z~ 287 7= VW IFEN-RIE0 ) Th <,
TNF-a b AL TW5A Lt L7z,

TNF-a [FRAFHEIC BV CEE A &EZ R L Tnwa &
R IIEET A A4 2 THY, INF-a FT VAV 2=y
I ANV REIET S22 LS, RAFED MY
A=) H)bEbEZOLNTWA, DNase KA~ 7 A |2
BT, TNF-o PEMERIEICEG LT A 0EHL I
T 5720, TNF-o (CAT 2 BRIEUA L, T 2EIRIEIZ S
vy RO E 2 SR~ Y AHS- L, SIEICS 2 5
W E 7z, PBS#5-DNase IRIA~ 7 A TlE20 A7 5
3.57 Ao MU O MEREDSEBIEE S /228, mAlPUR % 3
B LR\~ ATIWMRERIBE SN 2ol
7o, REOEEFZOIEL 4 5, MO MMP-3 R %

X2 DNase lIREBYIXTOREHREEREDET IV
(RD—EB14 STk 16 £ HE L 7 O %45

ELISA ICX WilllsEL/z& 25, PBSHGHTIEa Y bo—
NI ZADMEIZ LR L TWADIIH L, Hith#xSEcid b
REAoNedrol. Thbb, HiTINF-o HHPAOHS
&), Zo~Y A TOREREEITHIH S e, Puikk
B 0EBS— B NEE A THBICT E W2 E
E$ % 72, DNase II/IEN-IR/TNF-« =& /K18~ 7 X (DNase
II7 IFN-IR” TNF-o ) 2/E8 L, BN 28BS 21772
LZA, B2y AOBETOEHADOIIEIZITE A LE
BENT, TNF-« DRI R EEF R L T0D L
BRI L EEH L7 (GRER).

SO L B MG BEMEOBERRICHITT

RA T, BAMIE, THINE & o 7SS0 ATIRE 12 5
LTwhEEZ 5N T WA, DNase IKIE~ 7 A TO M %
B LB REOME R 5700, FREENZ BRI,
THINE % HIZRIBT 5 Rag2 RIAY T A L OREL 2TV, =
H/KIE~ 7 A (DNase II" IFN-IR” Rag2”) 2R L 72 L 2 5,
Rag2 KA TIZB VT BRI SIE L7z (R%EHE). $4b
L, ZOXYATOMERIIERREFRRTFETCHL L
Whholz, TOFRERIEFERIS, KITRANDEE25VEH S
NTW5 Th17 MBS & O IL-17 S EFEICLETIZ R VW &
ERLTWVAS,

—J, %7077 =& B TNF-a FEAEDSAEICERE &
ZZ HNe)s, #NTIE, HCDNADZBIZL - Tv s
77 =PI A M A VEEEERFET D5 TR T
THAH 0?7 FaEid, MiEDIEA F VL CpGRLYI % FB7k L
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T HRGE % 5L &4 5 Toll like receptor-9 (TLR-9) ® [
H.%% 2z, TLR-9 £ O =HE/KI~ 7 X (DNasell” IFN-IR"
TLR-9") Z{EB L 7=7%, BEEIZED S $5IE L7z (k%
). 5, DNAXMBLE TR L CH A M A VEEEEH
Y 5455+ & LT, DAI', inflammasome ¥ A 7 A W75, %
7ZDNAD L DY 7 FIMEZEICEE T 27575 4518 L
T/IMBARIZHFEIE T A STING 7 EDSHR WV CTHE Sz,
DNase I’KfE~ 7 A TIZHTDNAIXY VY — AICEFEL T
Vo, ZO—EHIMASDPOEMIZE o TY VY — L0
2%, D LIERM LTV A2 S 2 TRV, TS 5F
BN L7y TP IMEEDNRIE IS LT a2 ET$ 5
ZEFEREVWEEZ 5D,

DI E X 1, DNase IRIE~ 7 A CRIETRAFIET 5 BB L
RDOEHIEZLNS (B2) ™. FRILEKFTEHILA S O
FHRDNADY Ml S Mg 1T F o~ s a7 7 — D12
BRLER, v70 77— JI3EML SN T TNF-« %%
4B, TNF-o IZBEETORIED V) B —DHFNERHT
H5BH. TNF-o [ IHRANLIERL, SERRRICH L TSN
FBWEEZEZ LTV LB OEEMBE LML, oMz
DY RT L L SITRIEWT A VAL VR T EAA VD
FEEEFET S, b L <X TNF-a OVER BN 12 B
7 b DR Tld k<, BHER, IFhEkZ &R ETL &,
BRI CIZE S 2 LI FG LTV ND LNk,
WERIZE L, 29 LTTINF-a, IL-18, IL-6 7% & D SIEM:
FAMHIA VD, EWICEVWOREERBEIE LS ) A b A
A VAP — L EWHEN B IRREDS BIET ISR & LT E 13
EALL, WRMICEWRIBICELEELRBE LT E LW
L7z, INF-a DA% 5T, IL-6, IL-1 DT U v 7 b RIER
I3 2 e+ 2 5, 4%, FENCHRE 2175 C
WX 7w,

DNase &~ X EEET) T~ F DIE
BRICEBT 5D

LAOFER LY, BAEICBWTY, DNA ORIELRED
EFEEOHFFCEE R HE T R L TWD I EEH LI
T&7z. ZOfRIE, bbb aSEE L T &7, [DNAILE
EERAE) BELDFTH L), TMEINLINEFH
THREINGZVEERICELZRIZTIEVIEZZIZ, 612
1 DDA A 72, F 72, RERDISCEZHL TRV
FAEIRKIZB VT, DNADGRSRE L\ Bnd X6 Wi
S, BAEDKIE & 72 ) ) AuFEMk % 7% L 72, DNase II/K1E
< A%, C57BL/6, C57BL/6 3 X U129 DIRTE, Balb/c 7%
EHBOBIRE R R THRENBLESND, INFETIC
WESNTVWLMEATETF VYT AT, BESEEYE
WIRIF T BHEBNDL T L % E 2 5L, DNase I DRIAIL,
BIENH T AN A7 T 778 =L 0n) NP TEA,
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B, FAYOZNV—7795, & b DNase Il {505 H
@ single nucleotide polymorphism (SNP) % fi##r L7z & 2 5,
DNase IT H{ZF- @ 5' SR IAETE T % SNP % K & THROMER
A, RABEICBWTIERAMIEHO 2fEEHETALOND
EWV)REREWE LW L IIERICET A, RABREICH
W, DNA O~ 7 a7 v — TV OWEEALDS, 85E
DYVAT T 777 =DIDERS>TVWDLNE) B, ARIEE
WCHRFT T ALEDRHAH72A 9. 2 LT, DNase I’'RTE~ 7 A
TOME SIS REIFMKGEN T, 1 M4 VKERT
HDHIEWbhorz, THIM, BHMIOBSPSEREELEZ2 5
NTVARAIZBWT, Eid~v 07 7 — IR HARGEDE
HALDOATHBERIFEL ) 5 &) WEEEZ/RIE LT
WAL IR, BOHUESHEES T, BRGEEST A NI 1 v
DEEIZIVFET HRBRES 70 —XT v 73N, H
COERE L V) B ADPRIBENTWAS Y, RAZ, £
MEREABLUORPICEVRET S, NTUREROES
REEZEZHLNT WD, RADHFDO—EHOMEED, HIOKAEHERE
BORUER 72T RED D 5 D TId VA, RADRE R
FEHERRTFIC DV T, RIZICAWZESLRENT WD,
DNase I KB~ ™ 1%, b D RA LWL 72 E# %o,
BNEBEETVEWME LT, SSIEREORIECHIRER
FEORBICEHBT A 2 s NS,

ZORHTE, LEFRREOKRGIES S A, ZRET S A, TS
SALBNLTICE L. § 72, KIORF R RIES AR
TEAVR I DA RS, FINFHRAE, aTFERRF o
FERFTEE > & — O W BE A, MR AT e & OFERPFZEIC X >
THLNF L. CoEesBEY LT LCEILEL LIFET.
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