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Effect of Histone H1 on Collagen Induced Arthritis in Mice
Jae Ho Yang, M.D., Kyung Mi Shin, M.D. and Dong Soo Kim, M.D.

Department of Pediatrics, Yonsei University College of Medicine, Seoul, Korea

Objective : Besides the functions of histones in the nucleus of the cells, there is growing evidence
that histones have many other extra-cellular or extra—nuclear functions, such as stabilizing axonemal
microtubule of sea urchin sperm flagella. This microtule assembly function of the histone is similar
to that of taxol, which has an effect of controlling joint inflammation. In this study, a possible sup-
pressive effect of histones on a mouse collagen-induced arthritis(CIA) model was investigated.
Methods : A DBA/1 mouse were injected intradermally with emulsified chicken type II collagen.
Three weeks after immunization, histone H1 was injected intraperitoneally twice a week. Clinical in-
cidences of arthritis and arthritis index were measured. Anti-collagen antibodies and stimulation
index of the splenocytes of mice were measured. IL-10 and TNF-«¢ in the supernatants of the cul-
tured splenocytes were measured by ELISA. IL-10 and TNF-« in the supernatants of the cultured
U937 cells stimulated with histone H1 were measured by ELISA. mRNA expression of IL-10 and
TNF- @ in the U937 cells stimulated with histone H1 were observed.

Results : Histone H1 appears to be an effective suppressor of CIA in mice. When delivered intrave-
nously, this suppressive effect of histone H1 was most effective compared to intraperitoneal or intra-
dermal injections. The anti-collagen antibody level of the histone H1 treated group was significantly
lower than that of the control group. A remarkable increase in the level of IL-10 was observed from
the cultured supernatant of the splenocytes treated with histone HI1. Also, an increase of IL-10 level
was observed from the cultured supernatant of the U937 cells treated with histone HI.
Conclusion : According to these results, histone H1 appears to have a suppressive effect on CIA.
The mechanism of the suppressive effect of histone may be a stimulation of IL-10 production. (Ko-
rean ] Pediatr 2004;47:779-788)
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FE2% BAS ol&d A7t weol AIYH ded, F HA
%5 2o 3939 polyphen fraction”, 27tdelA FZ&8
44 FEE 9 N84 FZES AAT diterpenoid’®, of gl
A 3% flavonoid”, FEANA F%3 taxol’ 3 e ARSo]
wh-ol o] #ded A FJol|l G397t ol BaiuEe] glojA Al

28 HAd AmARZA 9 7Fsdo] tiFEa Ak
o] FollA taxol> A FAAR ALEHI 9lom FEHA F
Fhk-8-(tubulin polymerization) & %3] @3] o+ H|7|
54 WAl FH(microtubule) A& FrEste Ao® dHA e
g olgg 7% ol9d®E G2/M7IE JAste] A x| T4
HA}

=
< Adets 2Ago] k. ole Fg2 FubMxe] AEA}
(apoptosis)E FEdlA do7]le= Ao] waxon o}ge o] 7]
T2 FulEs HEAG A A IFA(pannus) TGS AT
T Q7] ol taxolel FRMEIZ: Aol AAHoz AEH
-
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gl AlAbE AT,

Histon> DNAZE chromatinlZ folding3dl ¥+ 9&<& 3}
= Zo] FH 7ser &EA dwido} H Eo] o]#3h

chromatin®l A& 715 o]9d thFst s223 e 7|55
ubs] 2] 7] Algtakdel?”. @A histone H39 histone HAE
HlFE rate] AWAHZO] Ad&AFY 2L V)T Lol Hiy
QulV 24323 BAEE 14-amino acid osteogenic pep-
tide™ histone H49] C terminus¢t 7-Z7F 25o] W34 ot
2 w3t homeostatic thymic hormone®] ¥ 714 23 4
2227} histone H2ASH histone H2BYo] A e, o] ut
o| % histone AFA7} AZEZEZE porlactin, thyrotropin, gona-
dotropin® 22 t}ekdk T 2o Ealo #ojdvl= Bart ¢l
tH419 6}-28) histonee microtubule assembly 7]%°] 912-o]
gE g olgh e 2Age wA taxolol 7ML e 7]
7 AR ZFgo]7] wiite] o]2X 2R taxolM¥E FUHE]2
Aol A7el H8d & A&S AL Ut

H AARELS olzlek Aol Zbele] histoneo] HAAHOE
Fulel #E Pl §E E99l collagen induced arthritisE
AstaL A sk g 7 JEA Lotry] 95k AT
2 At 1 &g ovl Hustdrh?. oyl Aol
histone?] ol&dt &3& ety By 1 g3 it 7|Hd&
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Louis,

MO, USA)E 0.0IN oFAEAL] =54 2 mg/mLe] F&7F &
5 % F A4TAA 18R AojE v T Freund's
adjuvant(Sigma, St. Louis, MO, USA)E 419 emulsion®.Z
TEAJT o5 100 LA w2 me]e] 7)A] FZe] IujEAL

S A FAR A 3% F BAT PHon 7tz FAekd

AgEELE I 33 Fo2 YFALh 172 collagens #
Fote] BEAS A EA71HA histone H1(Boehringer Mann-
heim GmbH, Germany)< 159 23 HAUZ Fos931
mg/kg), 272 collagens FI3lHA FAldl dexamethasone
(1 mg/kg)S EAUNZ F 23] Fo3H, Al 372 collagen=
Folgte] HAPS FLAIIEA o AXAE A Fokeh F
HA A2 histone H19 Fo WS 247 I, A5,
U2 geste] Bdde Wsks #FsdT 4FE 1
FAEATE Al WAl A histone HIAS 35 &
Folstd=el 0.1 mg/kg, 1 mg/kg, 10 mg/kg, 20 mg/kgE
R Fofsiua] Bdde] Wels #aEsle] Bl

[eRp=t=1
= T =

o 7] S ZASFATE T3 collagen
induced arthritis(CIA) scoret= 4uFE 9l {otzAlel] 2]3fe] 2
o

Sim, A biasE Zol7 9Askel
o7e] AN o] Wah FHrh

5. MHLZ I}

1) & collagen &H|X|

AF 10F7Ad A ARE dAg AFHs S BEe
Ak FA A7 AAe <G8k 70TCelA Basion A9 A
el siEstel & collagen FAE ELISA WHoz 3433
o Ad e asiAl 89F3kH, 96 well polystyrene mi-
croplate(Nunc, Denmark)®] Z} welldll 0.1 M PBS (phosphate
buffered saline)el %<1 chicken type II collagen(10 ug/mL)
< 718t 4CAlA 16A13F st WA $ PBS-0.06% Tween
2002 wellS 43 AlHsHAeh vSo]A WA Sl
7k wellel PBS-0.5% ovalbuming 7ksted A-&ellA 1A &
oF Whg-AIZ1 & ThA] PBS-0.05% Tween 2022 43] A% 3}
b ool FAL PBSE 1:100 84ste] Zb well o ¥

A
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A A 1AIZE 5 BESAIZL F PBS-0.05% Tween 2022
43] AlFatdcy 1§ %

mouse IgG, A, M< ¥
licylic acidE& ¥ ¥ 450 nmeollA]
Aol collagen FAA F4e 22k Akl FEgs AU
o} dudgels Ade BEd SAE 2 DBA/L PH-2 5w
go] g3 ;e 100 unit® st FHE9 unit IHllE
A AAdAE gl o oluf A mhezoA =

% collagen A 1]7} 74%51*X] S S =

welloll peroxidase— con]ugated anti-
2A12F &<t WHEAIZl - 5-aminosa-

UJ/].T: Z—]é‘]_

o= = 7]— 74

1 gol AES FEA RANY F O A

Gl o o AR a3

HEPES, pH 7.4)
ol Ael A& Zﬂﬂﬂ doh Al AE R
g AAG F 0015 M Tris/0.14 M NHCI(pH 7.4)
2 Aglste] HETE A7 st dA] HBSSE 33 A= 38k3)
ot A" AEZE RPMI 1640-10% fetal calf serum media®l
FHFAA 25100 cel/mL FEZ WHE ¥ F#H well platecl
2t welld 100 pLA €3tk Zb welloll collagen £H(25 ug/
mL) 100 uLE ¥< F 5% CO; #Mg71dA 37CE A8
96417t Sob wigatgn Md T8 42X Aol 05 uCi CH)-
thymidineE 7F3t & cell harvester® AFE3le] glass fiber
filter 1ol harvestatich. i & WESAH7IE AX o] Z
8 CH)-thymidineS Z43+9] A3 A 4(stimulation index,
SDE w53 o] Attt
_ mean CPM of ('H) TdR in collagen stimulated culture
"~ mean CPM of H) TdR in unstimulated culture

3) HIFME i U HHOHMQ tumor necrosis factor
(TNF)- a ¢ interleukin(IL)-10 X< &3

Aol 2o wow AL HAFAHNE GITE wjksHA 10

ug/mL2 Concanavalin AZ A=13FAA A= A A= T 244

g A7 e A AS Eelste] Aol EFRIY EFH AI7HA

HAAZ g3l 70ColA Basty Ag 2o slsste] Al
TNF-¢ % IL-10 AE mouse TNF-¢ %+ IL-10 ELISA

kit(R&D Systems, Inc.(Minneapolis, MN, USA))® manufac-
turer mannual®l WHel w2t ZAsAh AFE WEE st
Al .ok, IL-10 A7} =xd 96
well polystyrene microplate?] 7z} wellol FF&=e
TNF- @ IL-102 ¥ Al vhe-2d4E 93l o
plateE 2A17F BQF Ao WX & PBS-0.05% Tween 202
2 wellg 43] AFsAT. o714 thA] HRP-conjugated anti
mouse TNF-a %% IL-105 7lete] AoA 1A1ZF F<F uF
SAIZ ¥ Al PBS-0.05% Tween 2022 43] A Z 3t} o

.
=

mouse TNF-«
mouse

.
EE
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w2 EAIZL 1 M H.SOE %ol vheS
]

FAES ZAAY. A7)k
T

w28 A o 7 1] A7]E 2ol formalin®® 3L
A7l & Hematoxilyn-Eosin®. 2 @Aste] dAnjdoz &

aHit,

7. U937 cell line2 0|28 Al

i

Human monocytic cell line U937& o]&3le] A o=z
ol Agsiant A WA L2 obFR A=) fle A, 7 W
Al L IFN-7(R & D systems Inc., Minneapolis, MN,
USA)Z AZE A58 &, Al HAE IFN-y 2 A5310A
histone HISZ A3 #o 2 At

U937M3ESE 24 well plated] wlgatd= AlXss 2x
10°/mLE 8}%0 1j#= RPMI-1640¢] 10 mM HEPES, 100

100 wg/mL®l  streptomycin, 10%(v/v)
oA wigstdth. INF-7 = 100 U/mLe]
HA st MEE AFEAI histon HIATE 217 0.1 pg/mL,
1 pg/mL, 10 ug/mL, 100 pg/mLEZ A=3ALh AlEE= 5%
CO, w71l 37°Coll 447t wlgFakalct

1) HHEM|ZQ| AMHMOIM TNF a
9o} e wpHo R ks T Ao

pg/mLel  penicillin,

fetal calf serum<

9l 1L-109 =X
< WA ELISA kitE

ol g3t TNF-o % IL-10 A& F4sdch F4WHE <ol
Al ZlEgd R STt

2) HIZMIZEOM TNF-e % IL-10 mRNA expression

(1) ¥ RNAEH

Aot Ze WHoR NS Hst F *ﬂii.% 7HA L
RNeasy minikit(Quiagen Co., Hilden, Germany)e
% RNAE #E39t. RNA F%+ 260 nme 3-golA UV-
1601PC 33 =715 o]&3ste] 433l

(2) First strand cDNA #4

23 5 RNA 2 ug o 2HF 1st strand cDNA synthesis
kit for RT-PCR(AMV)(Boehringer Mannheim Co., Indianap-
olis, IN. USA)¥# GeneAmp PCR system 9600(Perkin Elmer
Corp., Branchburg, NJ, USA)& ©ol-&3te] cDNAE #|x313
U} First strand cDNAS] A4 55 47] 98 A€ vkg
2F2 10 pL, Taq polymerase(Takara Shuzo Co., Shiga, Ja-
pan) 0.5 U human beta actin primers(sense primer:5'-

GTGGGGCGCCCCAGGCACCA-3’; antisenseprimer : 5'-CT-
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CCTTAATGT CACGCACGATTTC-3)E 20 pmole® &%
3l PCRS A13339th PCRe GeneAmp PCR system 9600
& o] &3t 94TCelA 30%, 60CeIA 30%, 72TCelA 30 25
233 Al&sta 72TColA 1027 W-3AIAHTE PCR AHE 10 uL
Z 15% agarose geldld 7] %3 F wi=e
Ea=g

(3) TNF-a ¥ IL-10 primer3 ©]£3% PCR

TNF-a¢ % IL-10 primer24 Z}Z} human TNF-¢ primer
set for RT-PCR(Stratagene, LaJolla, LA, USA)¥ human
IL-10 primer setS o]&3te], 94ColA 58, 60ToA 5%2}

‘ﬂ“’/\]?" , 72°CollA 13 30%, 94Tl 45%, 60CollA 45%
£ 353 /‘HﬂoW 72°CA 10#? Elasy }‘Eiu‘r, G HETl

2 10°709] herpes simplex virusE HDMECe] #2g 5 37
Al&stath PCR AHE 10 yuLE 1.5% agarose geldlA d7] 4
¢ Wle f§55 dESGT ol AR TNF- e 9 prim-
er sett® 5'-AGCACAGAAAGCATGATCCCG-3'# 5-CA-
GAGCAATGACTCCCAAAGT-3'°]%3, IL-102] primer set
= 5'-AACCAAGACCCAGACATCAAGGCG-3'# 5'-CAG-
AGCCCCAGATCCGATTTTGG-3' ©] At}

s A

A7lell w2 7} o] #Ed WA E-S Fisher's exact test
Hoz #dd A= chi square test o2 Hluwstdc), &
collagen A 2 v @A L] 2= A4 128]3 TNF-«a
9} IL-10 A= chi square test WOoE Hlal A3 TH =
SAA AN F71ES Pgrol 0.05 olstd W2 o}oiu}
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ol A type II collagene

—fﬂ_u
0

Folgt & 45 RE L /\13}3}011:} oHfEl A A& 8HA]
2 giETd A= AlRte] 737%5}@*1 HEde] F7kete type
II collagens Foldt & 7FAo= RE 23 FEoA #4dY
o] A H =, A AF F 45 30%, 57 60%, 75l
EoME 100% <] “P—rioﬂ*ﬂ WA Aol AT

Dexamethasones F93 oAM= 9A] type 1T collagene
Fofgh & 4FARE ddde] #AG o olHd #HAP
WA 55 A 30%60llA] FERE I 1 o] Fo = T o]ie] I
of Ao Z7h7F #FE A FATHP<0.05).
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type Il collagens + #H o] wygo] It
7] AAetaen o < 552 65 38%
® 7P weol BAHNAL I F 7TFARHEE 10-20%% 23]H
sk FAE TEE F AATHPO. 05) °]* ¥ histone Hl
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d

B CER

)
-

= dexamethasones Fos gye} wd= ARs A &

[e]

A A HFig. 1).

TEEE BHEA AFE FAHIAEY obFd AHA
T A ge dzddAe BEEY TR AL S8
o type 1I collagens T F 4= 2.0+0.3, 55° 35+
05, 65 50+08, 75l 82%+15 95l 8617, 105l
7811.8% Holx 107 FHolEwA #HPY FE5EE 23]
 FToll Y-S HAFAoy FAA 9u= §ldth His-
tone HI1S T3 ol A= collagen T F 450 1.2+04, 5
Foll 17703, 650l 22+0.3, 8F°l 25704, 1051 1.8+0.3
2 giE&el viEle 9ride AP TR AE #AFET

T %121‘4(P<001) Dexamethasones F413 o4& his-
tone H1E g ¥ v BEYe $eRE #AEE &

AN HFig. 2).

Fo] Wo] wE histone H12l CIA Mxﬂ e AHYow
%]

Folgh A97b 7 adr Fokal 1 thg2 HEtE Rl
ol 1 thge BAUR Fod 73%2124, datet 2

T e SAHA onE fAthFig. 3).
Fo] &3] W histone H1¢ CIA A& E 28 T
Fg F5 qAgN 22 2AAE BFEJoY JAd A
ZI7E 3 FE7F YT AR

3. & collagen &

g collagen FAR = ol AXE 1A &2 wollA= 925+

75 U, dexamethasones T wolA&E 6141243 UR dlx

ol Hlske] ouglE FA(P<0.05)8 ¥9omH, histone HIE
Foldt oA 54.0+17.0 UR diZwel] vlste] Al <n]g)
120 |
+—Hl #— [eva +—CTR VI T
T
r
2z @
3
5 1] A
& "
a4 ) P &
_/‘ -"/"j'-"a“‘“--. "\-.’,_/' o "“H..___‘x
2 o a ok ¥ -
/:-"_ 2 \'\«— —————————————+
4
0l—
= 1= 5% = = 8= A= 0=
Weeks after primary immunization

Fig. 1. Clinical incidence of collagen induced arthritis. Sup-
pression of collagen induced arthritis by histone H1(H1) and
dexamethasone(Dexa) was shown compared to control(CTR)
(P<0.05). H1 : histone H1, Dexa : dexamethasone, CTR : control.
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Fig. 2. Effect of histone H1 on collagen induced arthritis. The
score of collagen induced arthritis differed significantly(P<
0.05) between the control(CTR) group mice and those given
dexamethasone(Dexa) or histone HI(HI1). HI :histone HI,
Dexa : dexamethasone, CTR : control.

——N a0 = F -—pul

“ guy

Mean arthritis index
.,

'f{
a0 -/

<]
®
T
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Weeks after primary immunization

Fig. 3. Effect of delivery routes of histone H1 on collagen in-
duced arthritis. Intravenous injection(IV) of hisone H1 showed
the most effective suppression of collagen induced arthritis
compared to subcutaneous(SQ) injection and intraperitoneal(IP)
injection. IV !intravenous injection, SQ : subcutaneous injection,
IP : intraperitoneal injection.

= AAaP<0.01) B9 FH(Table 1).
4. HIE SENE X=X

HG G AE9] collagen]l Wk A=A dizate] 21+
0.9, dexamethasones Fo13g o A7} 2.0+0.9, histone HIS
Folgt FollA7F 184112 Al & 33 9n e Aolg Hel
Ae F%H(Table 2).

7zte] A9TE W nheas AY A% F 1059 3
AAAA Q2 vPGAE FfiE wigshdA Concanavalin A
i A Aol A o] TNF-aX= 2F
e

(data not shown).

Korean ] Pediatr : Al 47 ¥ # 7 & 2004\

120

B R
100

-~
80 ’,,’

Mean arthritis index

Py
20 P
M,
P
5’//1
nn
a 5 5 & 12‘ & % 105

Weeks after primary immunization

Fig. 4. Effect of doses of histone H1 on collagen induced ar-
thritis. Dose dependent effect of histone H1 on the suppres-
sion of collagen induced arthritis was not observed. CTR:
control.

Table 1. The Level of Anti-collagen Antibodies in each Ex-
perimental Groups

Groups Anti-collagen antibody (arbitrary unit)
Controls 925*75

Histone H1 54.0+17.0°
Dexamethasone 61.4+24.3"

"P<0.01 between controls group and histone H1 group
TP<0.05 between controls group and dexamethasone group

Table 2. The Stimulation Indices of Splenic Mononuclear
Cells to Chicken Type II Collagen in each Experimental

Groups

Groups Stimulation index(SI)
Controls 21+09
Histone H1 18*+1.1
Dexamethasone 2.0%09

IL-102 A= & 24A37 A= EE Aolrt globrt 7241%F &

o= el Aolvt gloiA o AAE A

B2 TelA =

515+15 pg/mLe #H]E H<l ¥ dexamethasones o3k
oA 4,000£117 pg/mL¥} histone HI1S Foigh wolA+=
36201135 pg/mL® A IL-10 #H]9 F7He a#28 +
AAHFig. 5). °l9F 22 ZI+= dexamethasoned histone
H1E Folgt dollAe vgaaxer] [IL-109 AES €4

A AFdtkE A & F AU

6. 83 TNF-e¢ % IL-10X

ARG 23§ Aol BRI
A% 4 gllth(data not shown).

ol o
= o &
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(pg/mL)

4,500

4.000 |

" 24n

Fig. 5. Production of IL-10 from the splenocytes treated with
histone H1(H1) and dexamethasone(DEX). Splenocytes of the
mice treated with histone H1 and dexamethasone showed an
increased production of IL-10 compared to control(CTL).
CTL : control, DEX : dexamethasone, H1 : histone HI.

L

Fig. 6. Histologies of liver from a mouse treated with 20 mg/
kg of histone HI. Lung, kidney and spleen showed normal
histology(data not shown). Focal necrotic islands were ob-
served in liver tissue(x400).

= E
4 9l9out 20 me/kgel FEES F

<
AL AL R ) W, o ¥R his
%

8. HIZEl U937TM = AIEMO| TNF-o % IL-10X|

U937 cell lines 0.1 pg/mL, 1 ug/mL, 10 ug/mL, 100 ug/
mL %9 histone HIZ A= F 4494 42 wjd 4
el TNF-a X9 #8]& #ol7b §llev(data not shown),
IL-10%1¢] &H|= histone H1®l s=7F S7Hd45 278 pg/
mL, 30.7 pg/mL, 31.2 pg/mL, 35.7 pg/mLZ Z7}sl= Fd&

EA

00

%0

20

/miofiL-1

ra

150

00

[} a1 1 i0 0
pg/mL of histone H1

Fig. 7. Production of IL-10 from U937 cells cultured with dif-
ferent concentrations of histone H1l. With increased concentra-
tions of histone HI, IL-10 productions from U937 cells in-
creased by dose dependent manner.

HAHFig. 7).
9. U937M=Z2] TNF-¢«¢ % IL-10 mRNA 23

U937 cell lines 0.1 pg/mL, 1 ug/mL, 10 ug/mL, 100 ug/
mL =€ histon H1Z A5 F 444 42 Ax W9
TNF-a mRNAE AFol7h gllou IL-10 mRNA X @2 his-
tone H19 &%7t S7FdFE Hleste] Frkete ddS B4
tHFig. 8).

Ll &

B2 Al 9]t histone HI& vh§-2oA f3E CIA9]
A8 7 AeSs A & T 5 ATk olEd Asan
o] 71de oy AR AAE & YAAW omtE histone HI
of AA ulellA & AFA AolETIRIQI IL-109 8-S AS3t
o fatEl CIAG st X3 g¥9E Bl oz Azed 4

At

Al SolA HEellA FEF =4S ol &dte] FulE s W
AHS Agd BaA s ARrh AL e, 2 Sl
taxol> ofv] whg-ollA frimg wEge] Aol adsF T
Ao Hizp Hol vk Taxole FHolghs 2 EdA F&3

< 73 dE AR 4R AUtk AAR taxolE A=
CIA®] ZgolA, ¥4 2te] Z7|ulZ(initial lining)®] 84
(integrity)°©] +&=A EZ(synoviocyte)2] 7% (elongation)? &
=r(polarization)oll &Jsto] &AFE a1 vl IH(basal lamina)e]l $1
oJ x| Alo] Al (interstitial matrix)o] Z71E™, g4
o] F7tHe el AT £4S BTty At
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313bp 288bp

.. : o

Fig. 8. (A) Effect of histone H1 treatment on mRNA expression for IL-10 in U937
cells. With increased concentrations of histone HI, expression of mRNA for IL-10 also
increased. (B) Effect of histone H1 treatment on mRNA expression for TNF-«a does not
increase according to the stimulation of histone H1 concentration. With increased concen-
trations of histone HI, expression of TNF-« did not increase.

B-actin

7 histones® 7152 FE DNAS <HAster A Wl 71 FolA owet Rl 1 JFE e AE Lol gt
(chromatln)-J At (condensation) @t #AE ] A= A Tekx o

A DNAE dAAWE foldingdl B &S dt Ao 4y oldel BuWel A m-solM FEF CIAE EdHoR
A goH? 2 histone®] AF el A 9] o] 7% ol9ldl  oAlHE AL #EET £ YTk t%ol I AREIE dexar
T It o]9je] Fael MAE oA GEEo] YE A7) AlZ methasoned] &Fo] B3I AOCZ histones FdS U}
SHEA B2 AT A Qlrh ojEE VsEdE AR,  UeS & 5 AU LY histone®] & F9 5F A

histone ZHAI7F she] 27 @glow Awe] A7 Wgds  A@A dAE oS A77F a3, F Fig. 4904 & F
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