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Establishment of Leukemia Mouse Model Using Mouse-Derived
A20 Leukemic Cells, and Detection of Tumor Cells in Bone Marrow

Lan Ying Wen, Su-Mi Bae and Woong Shick Ahn*
Cancer Research Institute, Catholic Research Institute of Medical Science, The Catholic University of Korea, Seoul, Korea

Obijectives of this study were to establish a leukemia mouse model in the Balb/c mouse based upon the
A20 cell line (murine B-lymphoma/leukemia cell line,
A20 cells were infiltrated into tissue and bone marrow, thereby evaluate the feasibility of using A20
leukemic cells as a leukemia model. In the study, changes of behavior, survival rate and histological
changes of major organs after intravenous injection of A20 cells (1x10°, 1x10° or 1x10) into Balb/c mice
were observed. After inoculation of 1x10° cells, animals survived up to 38.3 days, although there were no
significant correlation between the number of injected cells and life-span. At 21 and 28 days post-
injection, both hematoxylin-eosin and CD45R immunohistochemical stains showed diffuse large B-cell
lymphoma in the liver. FACS analysis was performed after injection of fluorescent nanomaterial
(MNPs@SiO2 RITC)-labeled A20 cells. The labeled A20 cells were detected in bone marrow from 6 hours
post-inoculation, indicative of the cellular infiltration. This is the first study that demonstrated the
invasion of A20 cells into the bone marrow of Balb/c model using A20 cells. With the occurrence of
systemic lesions following metastasis of the cells into lymph nodes and neighboring tissues via bone
marrow infiltration, it is suggested that the A20 cell-inoculated Balb/c miouse could be an animal model

of acute lymphocytic leukemia.
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Key words: Balb/c mouse, A20 cells, infiltration, expansion, leukemia mouse model

Received 25 November 2010; Revised version received 8 December 2010; Accepted 11 December 2010

of

Be Aol #
D B

Ao olA|9 §
Hl— o]z}___
et al., 1994).
89 971 FAARLLY
X5 Wy 7H‘?=_‘°lh} NZe &
o= °1Xﬂ°l 2
&3 /\}%—HJ_ %) tHGiovanella and Stehlin,
Giovanella et al., 1974).
% o4 sERYS

Ag 24 olyste &

1973;

Fge] 71900 5

=g (orthotoplc model)3}

*Corresponding author: Woong Shick Ahn, Catholic Research
Institute of Medical Science, The Catholic University of Korea,
505 Banpo-dong, Seocho-gu, Seoul 137-701, Korea

Tel: +82-2-2258-7488

Fax: +82-2-599-4120

E-mail: ahnlab1@catholic.ac.kr

415

o o]dah= o4 =d(atopic model)
‘1—7‘-’] A7AA el ofshd Fa9] B
FREHom] ALH Hols}
?:“WB& Ak S
A7y B2 e
A=l L%O] °]§=3 ATHFu et al,
991; Killion et al., 1998; Umeda et al, 2002). ©]2
T8 Rde ool idteta, FUAFS Eklst
7] |3, A717ke] fFo] Thssitke Aol dem 3

WAl &5 A7l @ol o]8= 3 SIthHuang and Harari,

2000; Huang et al., 2002; Scheper et al., 2007)
ol Wy, S-S, 09T 5 AU
A M= Y, A9, Y 5o LFG Blste] @
Ak, WA Z7)HE ALt 5ol g ® HAlF
¢l X g7t L FAtHGahrton, 1983; Drexler et al.,

2000; Pieters and Carroll, 2010). A2 &8st a

of Mad 2 uhese], Be AMZe setavel Ay
sith. et Bejgke] YRS AXE el

ALY, T, 4Ry 5 99 F 24 A5E 2
a% s setayel mEt ¥ASE Bol Ry 9



416 Lan Ying Wen et al.

TthGahrton, 1983; Goldman, 1987; Marie, 2001). &Y
o] 2L XFEH MES fEIA ARE WEy-d
2% AT (leukemia-lymphoma research)E I3 Al 259}
5 R2de] o] Felglel o] o, 1963d
HEZoA fefigt AMEF7E AFoZ /T ol A
7HAl 11,0006 AE7F BRXEHZ AhHans et al.,
2000). W&y E%E@_E—HL 60, K562 & QIZF =4
W ANEFE HY B npg2o)] AW o]d)shAL =)
o2 H79 B‘j/“’-:rLo A20 AIEFE TLAS v
(syngenic mouse)oll A= o]a¥o] fo] ARSESL lo
), o]52 ZFAgh T4 FTUolAol7 oA EAqe
FERYEAS] 7HX]7F ETHRatajezak et al, 1992;
Benjamin et al, 2007). WY FERY IS 25t
HL-60, K562, KG-1, MO7E, TF-1 5 <17} W&y A=
ZF(human leukemia cell line)E F= unp$-2uol] Fofdle]
FAFFAdM P (acute myelogenous leukemia; AML) &
ERdo] SAFFUTHNara and  Miyamoto, 1982;
Machado et al, 1984; Janssen et al. 1987; Krishnaraju
et al, 1998; Kiser et al., 2001). L&y} 743t WA Z
AV, WY AR, A, AR BFEAE 5 thSe
HAA WhHo] FRiE|ojof &b, o]& <late] Frnky-
25 o83 AT Ade dA7All wE e d3E o

I
=
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B 71=  3lthWatanabe et al, 1980; Nara and
Miyamoto, 1982; Fingert et al, 1987; Caretto et
al., 1989). % SCID "}¢-2~0] HL-60 MEFE E7}5%

of F& ATt F4=5dWE Y @acute myeloid
leukemia; AML) R 2 A3}, Molt-4, CCRF-CEM=}
7o AEFE EFEAsle FAIZ AN (qcute
lymphocytic leukemia; ALL) EH=Z ARE-SE Hgole H
o & A}y HIHEIT YthUciun et al., 1996;
Perentesis et al, 1997; Tomkinson et al, 2003). ©]<]
% NOD/SCID why-25 AMEE 7 the wolixdnt
F2=of Hsle] Fool A FAPETE Aol Joy
(Lumkul et al., 2002), 217+ Afo]EF}FQIo] L (Rombouts et
al., 2000), 4ARIAE A= MEIF S HRAXE
o] ®Zo] FQs}(Bonnet et al., 1999), NK A X7} &
= 59 EA7F RaE3 tkShuliz et al,
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< Balb/d fel¢] EuRet fusion protein (RFP+) &
3l vl 22 RE 83, 289, t309, 420.2 vR-HIEH A
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al., 2009). °]<lol WEHI-3 (myelomonocytic), PU5-1R
(myeloid) 2] w2 fefe] MEES o]2ste] Wy
Rd2A &83iom 53] Bablc (H-29 f#1e] A20
AEZFE FLAEPR-20 023 TERILS o] T
WY (graft-versus-leukemia; GVL) A-¢} JlEw HY
kS o] Wol o]g53 AthGlass et al., 1996; Zeis
et al., 2001). A20 MEFE= o]3 & 345 Fof 7+ %
2l A  diffuse Large B-cell lymphomaZ} B3 7kx
7 gex 25 F dxF, B4, v ¢ HFE o
A BEFo] FAH Ao] W E I QthPassineau et
al, 2005). Z1EY A20 AlZFE w92 fEle] Axs
24 CD45R 52| B cell markerE o]-&3lo] HxgY =}
FUexe] FEAE Sgs s AGE
ot weEbA A20 A EFE o83 SERYS HEd +
o] Qlo] AFAtel wet wEW Y gEF RdE HF
AREEO] gtom fEE mYEA ARG ARV O B
o] RuEy AUthGlass et al., 1996; Zeis et al., 2001;

F
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Xu et al., 1995; Passineau et al., 2005; Liu et al,
2007). WA B ddAe AAHolm AAAHe] Wd
1‘:':12 7l"/ 0)\‘7 DE:L] 6:]/1—10] _9_0]6]— Balb/c u]_ ]
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M| 2 uf g
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(reticulum cell sarcoma) 24| M|EE}Ye] BHZFRI A20
(murine  B-lymphoma/leukemia cell line, Balb/c origin,
H-29) AEFE ARSIt A20 AlEF= 75T AlEuj
Zet&HA(culture 75T flask; SPL, Pochoen-city, Korea)®ll
A1 RPMI (Hyclone, Logan, USA) v}l fetal bovine
USA)E 10%, Penicillin-
streptomycin solution (Hyclone, Logan, USA)E 1% X

serum (FBS; Hyclone, Logan,

7vate]  AREER I 37°C, 5% CO, Hl%¥7|(Thermo
Electron, Waltham, Massachusetts, USA)olA B ¥3}A T},
yse Y Ag2A

2 ZEnte] 2 (Seongnam-city,
Korea oA FYstlor, e sty SN FA)
(specific pathogen-free; SPF) sEHIA &-2(23~24°0),
F540~60%) FENA Hd49k AFE(Purina Korea
Seongnam-city, KoreaZ A3l 2 A4e & B
SH(Animal welfare ac)S =319, 7IE8disty =
AR US| NACUC (Institutional Animal Care and
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Use Committee) in school of medicine, The Catholic
University of Koreal®] 4o1& #AA &7F8 W& & 119
= Aot

HZEZ9] FF0oA

1x10°, 1x10° 2 1x107 cells/100 L2 FH]E A20 Al
32 phosphate-buffered saline (PBS)ell F+A1A 26'2
gauge TAF1E Balb/cAnNe| mIAH O 2 100 ul¥
Stk A20 AlZFE olelr] Zbzt 4Ud, 293l A
% 1kg® 150mge] cyclophosphamide (Sigma, Saint
Louis, Missouri, USA)S E7}ol| FAISIATH AlZEF Fof
FAH #3F AT 34, A== 7]11 APSEE A9

89 2 g 59 ] FAS ZPsa

Wright G4

A20 AIEZE ujgAz o] Rol 900gE 3% B¢
AT Eskitt. g2 BElaL Al gojgl PBSS A
7Fsted Pasteur pipette® 3|4 A1 —f’F, micropipettes: At
&at] A20 AE Ffe 22 20u FHste] slide
glass 9ol "HojrEa] micropipette tips ARE-3te] E=Egh
¥, AQA2AIAT. o]9h 3] FHIF ® anht
8N F5A <, Yongin-city, Korea)s =%
Yol & 5OOuL/slide%‘l H71s & 587
Wright @41ejo] Q= Zdefollr sl €59 (Na,HPO,
4.53 mg/mL, KH,PO, 5.94 mgmbL)& F7}sto] 5E
BREAIZT =2 2-33] AlHste] ofite] AMele e
3] AAS F, 84 polyvinyl pyrrolidone (PVP)E mF&-
A1) 7 (Olympus, Tokyo, Japan) o2 213}

X

4 5 o
23 5 45t
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Zdto] 2AHAE APt BE 242
o2 wAsle] sl Zvlgk & hematoxylin-eosin (H&E,
Sigma, Saint Louis, Missouri, USA)®} BHIE T z=%] 3}t
A A AR F dAreR 2HS AFsie] A20
Aol FaS Gl dehides 2ujd
um FAZ FASS silane coatlng slide (Muto Pure
Chemicals, Ltd., Tokyo, Japan)el] F-&tsted Agel| o]-g-3f

NUTh ZAHAE Xylene &0l 3E7H4 23] @7 1}
HAS AAT F FFEFA 23S ] ERAIR
T} Rat anti-mouse CDA45R/B220 T@AZE 3A|(BD
Pharmingen™, Sparks, Maryland, USA)E 4°CollA] 8AIZF
HHSAI 7] L PBSESH o2 33 AA S & Vectorstain
ABC kit (VECTASTAIN®, Burlingame, California, USA)2
2 REAI 5 AlFsil e adE gklshr] 9
3} (Abcam®,

193} 280 =<5, v 7F E9] A|E
KR

4% formalin

=245 4

strepavidin  conjugated  phosphatase

Cambridge, England)2 “3-2°l 1527t biotin? ZA%s}
Al g ¥ HRP chromogen-DAB liquid kit (Abcam®,
Cambridge, England)o.2 ZA3}A & F hematoxylin
(Sigma, Saint Louis, Missouri, USA)S.2 thZHAS A
=g

o X HoH k3 | X (peripheral blood mononuclear
cell; PBMC)9] 2]

e A EFUPE 7] (Harvard Apparatus, Holllston
Massachusetts, USA)S ©]-&-3t] 7PHA wHAIZl &
o Za) xfPation ok 500~700 Lo Xd_%ﬂg
EDTA7F £+ microtube o 24T} RBC lysis buffer
(150 mM NH,Cl, T mM KHCO3, 0.1 mM Na,-EDTA)=
Yol A2eA 287 7PEA SEoFHA WeAIR F

PBSE 23] A7kt & AR (900g, 5H)s] A=
g A7k,

2LHE B2

T 2 vl g5 dEze AHsel 29
5 AEL FAPO 261/2 gauged] wheS AT £
SO 3 ZOo2XE 10% FBS7F F7HE RPMI HiA]
10 puLE F57to] B2 Moja Mo w WMt wrkx] ¢
s8] AFsidet AXY F Wzt 8 7E Eeee Al
A & F, 900 gollA 37+ AAwEstal ASas AA

shoith. AT AZSS WA Bol wigrIeA 2
A g, A & AlEw mE Rop Z4

AEZZ ARSI

HA 29| Ha

ohg2o) WS AEekn PBSE 28] AHT F shn
o TEZE}E XLE}'}& =T = ==Y q}\]

[ R=REY % 3 2 ulkg] %
713 YAle MBI HAE 5] 918
E EEsk=d ARt BIAIEE 2] sk
10% FBS7} E°1%0& RPMI 1ulES Al EujFgAlel] Be
5, MZARAS FA] H2E FEoRE o7 Cell
strainer (BD Falcon, Bedford, Massachusetts, USA)l &
HAA ETES AASAT 4°ColA 900gi 587 9

AEE F AFAE AL vAIES PBSE Al
A3}, A 2SS AETE AA 1 218l RBC lysis
buffers 7} ¢ § A2eA 287+ WHSAI7IZL PBSE
2]

=2
F23 Akslel QARAE @ F BFAL AASh

_4

'—}i%’%%’.‘!% o] 23t A20 M2 Z9] H7]

A20 MEFE= Ag7hhe BE2HMNPs@SIO2)EA4 RITC
W= CELL-STALKER™I|I-CSR  (Biterials, Seoul,
ARgste] EABFATHKIM, 2006a, 2006b; Park,
2010). A7l BAE AE-317] & bath sonicator
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(Daihan scientific, Seoul, Korea)E& ©]&3}a] 40 kHz-
300W oldew g3 3 § HFEE7F 02 myg
mLo] E=F wjRle] 41o] A20 MlES} 7 24r7HE<t
HjeFsIATh wieF & PBSE 31 AojE ¥, 1x10%100 L
o] Tt HA &5l FHAIA sl FFo
sttt ¥ EAF= FFAR A (Olympus, Tokyo,
Japan)=} FACS Caliber (Beckton Dickinson,
Lakes, New Jersey, USA)Z 315} t}.

Franklin

{AZEM7]E 0] 23t A20 M 29| 3ol

FPUEARE EAT A20 AEFE FA E 18, 10
, 30, WARE, 3AIZE 6AIZE, 19, 29, 3 B 7ol
, F5 9 u AlxE 7z EEeidi el
CS g&xdoz 23] AojE F, FACS
Caliber2 #4353}t
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A 7198 AIEFEA HIZRA ]
A20 AEE Z7)7F vnE A, RYe F
o] Freler FAFE AL rPAkEE AdEe B
o] halo &7o] = AthFigure 1A). A20 AlXZ2
doubling timee 18A7to] o, HjA|Zko] X|&gel] u}
2t ofg] el AlEEe] "olulE ¥/dskiithFigure 1B).
g Wright 4 5, 3 o] fAjdo] nepoz ¢
AR om, HEel RES A= NTHS Fe F
Mo yepton, A3t Alxdo] HFAA FSleA
HEA] e gz 542 deRidtkFigure 10). E
3t B-cell lymphoblast 5] %% &9l CD45Re] =7
WEsL a2 @elskithFigure 1D).

Fe| = A5k
&

AN

o
bl

ZA| B

O

A20 HIZE o18% FER

1x107H¢] A20 255 Fodgk oA FAF & 29Y
of A2 APTES Aol #FEH oM it AE
£& 36.3+5.3Y€0]AT} 1x10° = 1x1070e] AEE F
Yot oM Ha AEEL 717t 42.546.293} 38.3+5.4
o|ATE. FUT AlEFe] FTt whet mR-e] AE7]
Zho] FolES AT = Aoy BAH fede &
2 U THFigure 2). FE3F FATE Ao WE A
T 2 A v Arwsts dEs 49 AL
2 Folgt AFHshkes HEEA] ko, 1x10%% 1x107
Mol AxE FYSF 2704 474 o] FAZE 53

(]

CD45R

Figure 1. Morphology and CD45R expression of A20 cell line, showing features immediately (A) and 48 hours after seeding (B)
(scale bar: 50 um), Wright's staining (C) (scale bar: 100 um), and CD45R expression on the cell surface (D).
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Figure 2. Survival rate of A20 cell-transplanted Balb/c mice. Three different numbers (1x10°, 1x10° or 1x107 cells) of A20 leukemia
cells were intravenously injected into Balb/c mice. Each group consisted of 6-13 mice.

Table 1. Body and tissue weights of A20 cell-transplanted Balb/c mice

Treatment Survival Body weight (g) Liver weight (g) Spleen weight (g)
(cells) (days) 0 week 3 week 4 week 4 week 4 week
PBS 0 100.0+4.5 108.547.1 111.0£5.4 1.35140.051 0.074+0.006
1x10° 42.546.2 100.0£5.4 107.546.3 110.9+7.6 1.37440.021 0.078+0.005
1x10° 38.3+5.4 100.0£3.7 104.1£6.4 110.1+4.1 1.590+0.082* 0.087+0.010
1x107 36.3+5.3 100.0+1.6 107.643.1 103.4+4.7 1.985+0.167* 0.134+0.121*
*P<0.01.

sl SRk em 1x10709) MES FUg 2FolA 4
'1?“

FA v |= &A3] =7 siithTable 1, P<0.01).
A20 A|EFZE o] &3 TERYL A1Elr] 48717 AR
Bl "o] AR, gAYl Ao, A7t A

A Sol @iol vk,
apul EA17F UErs

83.3%2] FMANA 3Pt

A20 FE 2N x2]9] Yz}
A20 M FAE T 4R 13
H&E A4g A 2 do] = A
hematoxyllnoﬂ o3| ZA %3’5’4% AxES 4A &g
UL (Figures 3B-D),
A20 ANIZZHE HghE d|ffuse Large B-cell lymphoma=

Z
2 A|EZo]

e = CD45R/B220 ¥4 AlEEe] Y e 2
/\ég_g Zl_z]—z;ﬂoﬂ/q A%z}o].J_ ;Hakoi .,__,I_—g]._,ﬁ_ gl%
S =AY 5 UATHFigures 3F-H). ol Hwe 7
Aozt Fslo] g o] ohjel, B, B Sl
Ao RESe] glglon 535 H5E uet ARF
9, 85379l 23 e 7Y FYYolUE FYL
ol A=A

4014 A20 29| 7
FF=d=E A2 xﬂi% X T FFAn AL 44
ERA7N)E olgste] HQIG A% dYED EALo)
B).

sl
89.84%= UEFSTHFigures 4A & 4

MEE Aoz A T 18, 108, 308, 1417, 34
7V, 6A17E, 24X17Y, 48A17F, 72417k HloA ®A|E

[e]
HEes

A20 A E2] Z¥z} 40.16, 36.49, 27.95, 20.98,
17.51, 10.99, 4.27, 4.83, 2.84% 3, ZFolA EAE
A20 MEo A& 1.23, 1.07, 1.16, 1.20, 1.64,

3.28, 9.64, 5.61, 3.36%% LEFstTHFigures 4C & 4D).

oA

AEAR o ARE SlEiAE A Fash FEaN,
WAbd an, shetaw, i e emo] AREE L ‘qu'.
T3 A2 AFUHI T 2 FAUNEe] A&
Hog o]foxL glom ofd AFE fEiME A
A & 2] o] dadity a2 FolM = mhes
£ o83 F= RIS & Aol tiAs] ofEe vt
F LIl AREEAL T

MYy 2o F4 nlo]d zd(viral models), ©)
2] 2 (ransplantable models), ©]&-¢]12] =9 (xenograft

models), @Ax% =2 (genetically engineered models)]
ATHMcCormack, 2005). ©] Z WIHYAELE Fosl=
olFol4 mdo] @Wol A7EIL ot Al w2t vf
G2 AEE] ZelE EolZ|= Ftt Balb/c Ryl
A20 A|EFE Ao Z Fosle] Al rdle )] o]
A A WY (graft-versus-leukemia; GVL)$IT-9} FEH
WA Ao Bol AREEHAL 0™ (Class, 1996; Zeis,
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Control

" Ky

107

B

Figure 3. Comparison of the livers of control and A20 cell-inoculated mice. Livers were removed at 28 days post-injection. The
surface of control liver is smooth and soft, while distinct nodules are visible on the A20 cell-transplanted mice (A-D). Histological
examination showed diffuse or nodular infiltration of lymphoma cells in the liver parenchyma of A20 cell-transplanted mice. The
infiltrated A20 cells were confirmed by H&E (E-G) and immunohistochemical staining on CD45R (H-K). Scale bar: 500 pm.

Z;d SHA ,q] EHQ SR N=1 /ﬂ ;qx% B
ov= ‘g‘u%‘ oE—J—@E w
o AR7}L RS ‘E]-Xu 1995; Passineau et al.,
2005; Liu et al, 2007). 538 HolE= vlad #HS Al
Qe e, el @2, ), ¥3 5 247130
g AR 5HoR st HAAHQ AoAT ¢ e
Ao, e s ASshe A o 2 B
d2 AEE JAoH(Xu, 1995; Passineau et al., 2005;
Liu et al., 2007). o] FEEDL 7}Ao] vMaL HA 7]
E} HYAo] ZYE|o] AMYE SHgo] o wHAdddA uf
FEE AREEA] ot AL F(Ix10)2] AEFE FF
Fol =M HLe0 AZFE HAAA] whg-2ol 50u)
6x10°) A= TS WEre FFrde] f4 I
of AE7|7o] 10999 AE GdFAIZ F Avhks HollA
474& 7ML tHGlass, 1996; Zeis, 1997; Benjamin,
2007; Liu, et al., 2007).

2 Aol = Balb/c mR-ZollA 2FA TAYE ARHA
¥ 3 (reticulum cell sarcoma), MXEEFYe] B FEZ12
A20 (murine B-Iymphoma/leukemla cell line, Balb/c
origin, H-29M 255 Balb/c ml¢-2=9] HE|goz Fof
AEE FYaio] NEY 58 RAS AT S
= Rol T 3FANE QY AASAA BE WY, 97

uh] Se] Ayel B HYOM, FPAEL Fol ¥ 45

2001), 3 o]
"ﬂi‘jé——oﬂ ol Hl%

)
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Figure 4. Detection of fluorescent

FL1

—-PBS
—&— A20 cell line (1x10%)

30
—--PBS
—&— A20 cell line (1x10%)
0 10 20 k] 40 50 60 70 80

Time (hrs)
nanoparticle (MNPs@SiO2 RITC)-labeled A20 cells in vitro and in vivo. RITC signals in the

labeled cells were detected by fluorescence microscopy (A) and FACS (B). /n vivo, the infiltrations of A20 cells in PBMC (C) and
bone marrow (D) were analysis by FACS. Data at every time point in each group consisted of 3 mice.
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