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B-1 Cells Differ from Conventional B (B-2) Cells: Difference
in Proliferation

Seung Geun Yeo1, Joong Saeng Ch01, Dong Choon Park® and Thomas L Rothstein’

7quarfment of Otolaryngology, College of Medicine, Kynung Hee University, Seoul, Korea, Zquarz‘menf of Obstetric
and Gynecology, College of Medicine, Catholic University, Suwon, Korea, 5quﬂl’flﬁ€ﬂl‘ of Medicine, School of Medicine
and Immnnobiology Unit, Evans Memorial Department of Clinical Research, Medical Center, Boston University,
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ABSTRACT

Background: B-1 cells differ from conventional B-2 cells both phenotypically and
functionally. The aim of this study was to investigate the difference between peritoneal
B-1 cells and splenic B-2 cells in proliferation. Methods: We obtained sorted B-1 cells
from peritoneal fluid and B-2 cells from spleens of mice. During the culture of these
cells, immunoglobulin secteted into the cultute supernatants was evaluated by enzyme-
linked immunosorbent assay. Entering of S phase in response to LPS-stimuli was
measured by proliferative assay. Results: Spontanecous Immunoglobulin M production
occurred in peritoneal B-1 cells but not in splenic B-2 cells. LPS stimulated peritoneal
B-1 cells secreted IgM at day 1, but splenic B-2 cells at day 2. In thymidine incor-
poration, peritoneal B-1 cells entered actively S phase after 24hours LPS-stimulation but
splenic B-2 cells entered actively S phase after 48 hours. Conclusion: IgM secretion

and S phase entering occurred early in peritoneal B-1 cells compared to splenic B-2
cells. (Immune Network 2004;4(3):155-160)

Key Words: Peritoneal B-1 cell, splenic B-2 cell, immunoglobulin - proliferation
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ol AAEL B-1 AlES} B2AIES] 2ol S g
A} B iﬂo—ﬂﬂr HAE AFst F AEE E23
o] F223e Aol & Wl - #ESEA T

B-14 X ¢} B2A| X9 £, 8~147/€¥ @ 57 BALB/
cByl AF 2072 & A& APAAA FYstd A7 15
o AHH A=A E AT ARA A gate] #H
ottt
HIAL f8 EEo|EE o] &3l 24S Fagxd
370 um 2719 YL E 2 (mesh)o] EHAA AA %
21S A AR, E7F2] -2 2001 heparin sulfate
£ 3713k 8 A](10 ml Fetal Bovine Serum+5 ml PO4+
500 ml HBSS+10 mL Hepes; ©]3} HBSS/2%FBS) £ 18
GTFAM & Olﬁo}d EZU YT F FHE F2 o
# a2ty T F ALY BEE 59 &YHA FAV]
2 FYste] Aok AFAG vgT e E-S 1500
pm, 4°Col A 583 Y3t 45AS WA
o AEF ] AT &) (Sigma, R7757) 3 mlS 3
7}8}450 ml F-H.o %{1 T A2olA 387 Fol A
FE2 AA}GY. 1 = 14 HBSS/Z%FBS s ¥
T o] HAE 0}04 % < oA MY ¥ Fe-gam-
b Z 511¢] 24G2 mABS ¥ &
F 4°C €55 olA 207 WAE AT B-13} B2 &
Y& Hall TS AAFGHE g 2Ty 22, F
ToZ Ut Hgdas 93 30me HES 4o
96wellZo] 104 7Hzt Yo 3 AW A wellol & S
ZT2 Yl RETS, F HA wellol= 1:5002] 50
B220-Fitc (fluorescein isothiocyanate)E, H]“WH welloll =
1 :5002] 50u CD5-Cychromes 2-& 3 4°Col A 45%
7F k) gt e s E FAE BEE Yal 5ml
] B220-FITC%} 51114 CD5-Cychrome< 3 £ 0] °‘% A
Hol| @31 4°C €& 5ol 4587 HX AT I F g4
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5% FBS)S 2ol A X %28 FH(snap cap tube, Falcon
2063)° &4 du ol WA AT
H A7 B oA FAlste] 4 77+ AlEE Mo-
Flo (Cytomation, USA)E ©]-8-3}o] fFHEZEA 9 £
£ Stk WA A 242 B220-FITCE AW AHs
A& 2 A3 CDS5- Cychrome—‘ SHAA S E o} A
TEE AUtk 2 F A2 £l wpet v 74A] -9
B220+ CD5+, B220+ CD5-, B220- CD5+ B220-
CD5-& WHE 3 B220%4CD5%AS 8L B-14 %,
B2204ACD52 4% +8& B2AXE H5ete] 7
M ENA B-1HEE HAZAA LM = B22AELE EE35
Attt B9 BIAES B2AZE AES, HYZ2E
A BHl, 283 MEFT] T JFAVE BES] Yk
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AEZRAZE. 29 1.0x1071¢) B-14E9 B2AES
48well o]l Z+7} o] o] ikshekads wlj 7)o 24A) 7h3}
48417+ &9t v %FSt & Tryphan blue exclusion assay<}
Propidium Iodide %343} FACSE ©]83ta M 9] A}
&S Fath
#2479 E 3 (Enzyme-linked immunosorbent assay).
BAIZE ©A media?t €2 (|3} mediav)d 251
g/mle] A AthdF(o]s LPS)Z A= A7l (]38} LPS
T2 o] v ggt & AFAS WS 19419 29 A
o 3|gate] Aol AHEE7] AR -80°CAA WE
HAsath A 225U MA| 9 S a4HYGEF
ol ol vt o] SASAT AB T 96 wellol] 2+
Z} coating buffer (Na,CO3;+NaHCO;+NaN3)ol| goat anti-
mouse Ig (H+L) (Southern Biotechnology Associates, Inc.,
Birmingham, AL)Z 1 : 40002 &&3lo] 50p% 33}
o 4°Coll A shuE A8 Th 96well oS 621 Al
25k & AAFA L E AT EF FHEE 2
3 48 x4 dxTs e F Zﬂﬂiﬁ& 3%
HES 5007 ¥ Ao 3A)7F vl thA
613 M43 & PBS/Tween/BSA-E-1l| ol horseradish pero-
xidase”} &< purified goat anti-mouse IgME ¥ 31 4-2-o]|
A sttt 6xkd A1H F 7189 2,2°-AZINO-Bis
(Sigma-Aldrich Inc., Saint Louis, Missouri) 22 % 414 nm
(Dynex Technologies, Chantility, VA)ol A 3 =5 574
st
BAI X 2] Z2](Proliferative assay). %3 96well T
(Costar, Cambridge, MA) °l| mediaw* ¥} LPST o & U
o] zZtz} 3.0x10'70¢ BHMEE Trith 4704 whEo
37°C, CO, Wi F710ll 24X13k3} 4843t Wl Fat Sk, Tri-
tium incorporation= Hj ko] 7] 6A17F A, Z 1847
A2} 42217179 0.51Ci of [*H]thymidine (Dupont Co,
NEN Research Products, Boston, MA)S 3 7}8la] 647k
St Tl CO, v 7Tl B et & MEFT] T FA7
2 597}z AlXE2 & MicroBeta Windows Worksta-
tion (1450 Microbeta;Liquid scintillation & Luminescence
counter) ©.E ZA3 Yttt APRXe HF EF HNESF
(cpm) #OE YEFH AL, 4H] 52 BHE 249 %}0 10%
nRke] Wi gks B

= A

E 7 =Mann-Whitney U testZ AF&3}o] Blal - 243}
Aom p<0.05AA fFoFFES FaAh
Z o}

B-14| 71 B2A 39 v 3] AE&o] Eokoh. vl 1Y
A B-1M2Y AEELS 954% (M Eapoptosis 4.6+0.8%,
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Gl 78.5%49%, S 1.720.1, G2/M 4.8:0.4) B2M¥X+=
82.5% (apoptosis 17.5+4.9%, G1 70.0+4.2%, S 1.8+0.2,
G2/M 4.4:0.3), B 2 A B-1H2 AEEL 91.5%
(apoptosis 8.5+1.5%, G1 70.0¢4.2%, S 1.8+0.2, G2/M 4.4
+0.3) B-2A|E 2] HEEL 61.5% (apoptosis 38.5+0.7%,
Gl 52.5:0.7%, S 1.6:0.1, G2/M 1.9:0.3)S U ElH 9]
B2AE e B3| B-14 2] AEE0] =55 & F AU
H(p <0.05)(Fig. 1).

HYSFZEAM A4 5739 B1AZ A= i 24
AFE A5 flo]T A WY 2 EY Mo] 4]
HAA T 819 B2A X A= AL WY 225
9] EulE ¢I1THFig. 2). B-1AEo A Aale = A
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Figure 1. Survival rate of peritoneal B-1(B-1-P) and splenic B-2
(B-2-S) Cells. Sutvival rate of B-1 cells was 95.4%z%5.1 at day
1, 91.5%7%6.2 at day 2. Survival rate of B-2 cells was 82.5%%
7.5, 61.5%%9.4.
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Flgure 2. Immunoglobulin production by B cells. The cells (0.5
x10° cells per each group) were cultured in fetal bovine serum-
containing culture medium for 1 and 2 days. After the culture
period, supernatants were collected and tested for secretion of
immunglobulin M by using an enzyme-linked immunosorbent
assay (ELISA) technique. Data are expressed in nanograms per
milliliter of Ig produced and represent the meant*SEM of
experiment. B-1 cells secreted IgM without stimulation. A sig-
nificant increase in secretion of total IgM was observed at sti-
mulated with LPS. 1D; 1 day, 2D; 2 days, LPS: lipopolysac-
charide, B-1-P; peritoneal B-1 cells, B-2-S; splenic B-2 cells.

SZEUM2 194 mediat 0 ng/ml, LPS 1335£151
ng/ml, 29 A mediaw 175+25 ng/ml, LPST 2498+198
ng/ml, B-2A| £ 2] 7%= 294 LPS 104595 ng/ml=
UEelf o] B2A| Z R T B-14 A LPS Aol 23k
t&‘—’%% 259 Aol 2714 ey AR s
& AATH(Fig. 2)(p<0.05).

B-1A X9} B2A X9 Z24E o], [H|Thymidine in-
corporationdl] 2]3F BA| ¥ 9] EAF2] S B-14 ¥ ¢
A= 24X AR E st A FAAVIZ Y] MEFA ] B
ZEAA R, B2A 29 A= AT 244 A = E

E W37 AR A= AR = F24l0] A F
74he Bo] Fh shARE B-IAZ R GE 4729
A E F2lo] ol "ojxl Hol Ut} Mediaw # LPST 9]
A B-1A| 2= 24A17HA] 609+59 cpm, 14643+1054 cpm,
48A1 7] 824+79 cpm , 134531054 cpm©] LS. ™ B-2
A Eo] A& 24A17HA] 1345 cpm , 204+24 cpm, 484]
A= 76+8 cpm , 31854214 cpm 7S LERY o] B2A]
X RophE BIAE7LLPS A= Al §47]12 9 MEF7]
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Figure 3. Stimulation of B cell S phase entry. B-1 and B-2 cells
were cultured for 24 hours (A) and 48 hours(B) with either me-
dium alone or LPS at 25].1g/m1 Incorporation of label was as-
sessed after exposure to [H]thvrmdme during the last 6 hours
of culture. Mean values of quadriplicate cultures are shown along
with lines indicating the standard errors of the means. 1D; day
1, 2D; day 2, LPS:lipopolysaccharide, B-1-P; peritoneal B-1 cells,
B-2-S; splenic B-2 cells.
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71 oA 2 Aol S 7HA A AH3). B-14| £ o}
v FZ ] 90% o] 4-S AAISHAR AU H A A3t
ZHaste] A9 AdE BAEY 25~35%S 21A) 3}
I 0~6%5 A STH4). T=2 73% 5
7] 4 2 AL BHXAA AAsH= B-IHEE 50~
80% Awola HZY AE A Ao AL 20% , A
#9 %S%E A8k JupAds A gle ﬁii
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9 27bE g A8y gdo] Jtkal 48 F BIAXEE F
= 59 B2 A7t ol FARA L YA, gl E &
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o} B2ME Alolo= & 28-S 7HA I Jo). ©]
¥ X873 o|9 o] CD+BB-N)AEE B2A| L= T2
715< kA2 ok wA] dz A Hﬂt‘ﬂtﬂ_q AL 1
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7 8 Yol| Z7HE A9 ARHESEEAFS EO]#
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ofef 53] B A& ?4_932117414 Hrek 27] Ao A4
w3 53] Aol e Al FletE Z0E Hol WA
o] Wddle 2719 AAWY FHZA 1244 W]
el uE AzEI 9l .
2 Aol B-1A 29 AEES B2AZRY 30%
AE E& AEES HYE, ol F AELY dye

A Apo], Mg FEA 2o], ME HE FEAR
AT M= & ASHAGAA, AlE&3et T4 o] B2A
FHUE BIAZZE H &2 4 5ol AEed Y¢S
vl xloget Az

BAIZ7F THIE®), THAZAA s AolE7H

(9-10), Z-& TAHE HMZH ol 2A=& wHA =™
A FAAES A O A T YRR AEe

apoptosis ¥ 1L, ‘T':gj""]'zé —H HEZAQ aFA xS FAA
¥ (plasma cell) &2 7] A| 3 (memory cell)7} E Tt} BA
7t 22 EdES /‘g"h?}“ N EE F3lstA H
H Agos HYS2E8d M¥ DE 445t DNA A
Hj %] 39 class—sw1tch1ng’T+Xq S AH "Y=2E49 G,
A, 52 EE kgt AR WS EEd AL

#Hste B-1M X9} B2M X Alojoll= M2 T E Hol
2 7HA EA g B B2AIEA A e AR ] WY

ZZE5Y Ak §IAE v B BIA XM= A
FolE Ig MAARS #&E + AA=H (Fig. 2) Olt
A o l Hoste B- 1A E7F ApdH o s W

EdE BHlsh] WEd Aoz Az leﬂiL
IgMS ApEA oz Frjg W olyeg} o5 Y4F7F F
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olef @ ot} Aokl GAEH BHao] YA
Yalel w2 YA, Hole At BAZ o
FES BIAE7F A8k o= d°ﬂ/‘1 IgM 3 A 5t
3} B1AZe B 28 Ao 2AHT ATk,
ATl A AHES LPSE BAIES] A4 Al F2 AME-
I = FAHEE E A (mitogen) 2 Toll-like receptor 4
A ALGAAE F3) MyD88 (myeloid differentiation pri-
mary-response protein 88), TIRAP (Toll/interleukin-1 recep-

jﬂrh::

tor-domain-containing adaptor protein), TRIF (TIR-domain-
containing adaptor molecule inducing interferon-f), TRAM
(TRIF-related adaptor molecule) 52 22 £33 4% 4
3+el & nuclear factor-kBE SATIA|A EATHS] o A
F 2 QA A} (target genes)Hd-S ZH3HA HUTR(15,16). LPS
A5 Al B-1A| 2 A WG] Ake] B2A|ZR T ¥
A AR AL AN e FEo|ARE LPSAS
ol = olu] [gME EHIslaL o] B-14|E 4] vl&) 2&
AFo] kA g ® Hlw A Fe A7t IgMAAHS
A& g ddoka A E A

dat BAlZE AFACRE AMEFT] F Go7ld W=
2 A7 BA|2] W] "YS2EA F87]9 wat
ol o3l thAtHstE Yo A MEFVIE A=t S
712 Eo7H sttt £ Aol A v B2AEE A
= 197 F4 9ol F dojuhal 48A17H A F2lo] &
s F7hghe Btk HARE B9 B1AEE A=
1YAFE S8 XSS A28 F e, ol
B-14 £ 9} B2A| ZALolol = A £HE o]efo = A E
F719 x5 ffal Hulg o2 A dEAA 9 Aol
7} D& AIAFSIA T Rothsteine 5(17)9] R3] A‘S}
A FIgA=A] B-1A 2= HoHE 9889 2o 7t gl
T B2A| 2= SdsiA AEF7I7F AP ES & 7 AN
4l o]+ B2AX= FE3 phospholipase C9 %/‘4 o]
dojy+= ¥ B-14 29 79+ FE3 phospholipase
Co] &4do] 9F Yofi}al CD5-associated SHP-1 phospha-
tasedl] &3+ Al & AP (transduction) ZAol| A7} 7]
uj Fo]2} Bgkth 3FA| W phorbol ester?e] A=A B-14]
X & thymidine incorporation®] &3+ H 12 24~304]
7t Fof] dojytA|vt B2 A E 0| A= phorbol ester7HO. 2
= M EF2ukS-o] dojybx] ¢FEal phorbol esterol] cal-
cium ionophoreS o] F7}3F Abejol| A 24~304]710]
old 54~60A]7F $-of thymidine incorporation©] #i17
of thrhstth. o] 21g B-2AHIE 2] phorbol esterAh= ol WHg-
o] mekstAY §lve AL cyclin D27} AJ4ke] 9F a1
o]Z 13} cyclin D23} cyclin D37} cyclin dependent ki-
nase 4/6%F E-A S o] FA Est7] wWEolgt BilstS
T}, T3 Phorbol ester”} HI S B-2A41 30| A] cyclin D3-cdk
EdAE 95 & UAT o] HFHA 7L phosphorylate

z

pRb £ E Qe AT & o]f-2 HYTH17-20).
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me‘“
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n

=

O] Eiﬂ zfol o &2 013}04 tdd E4do] BAEY 9

710 A=HAs W, ¥ B-2A4IE = phospho-
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o] AYzko] <t Q% zpoldow HAo| B-IAEoe tE
AEZFSAES HolA Hh & AT A LPSA= <
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o] 2]ol| = phorbol estere &= &2 calcium ionophore &
& A= AleF AR S YR o] HIs=g A2 7]
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