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B LYMPHOCYTE SUBPOPULATION DEFINED BY A RAT MONOCLONAL ANTIBODY, 14GB

JOHN T. KUNG. SUSAN 0. SHARROW, AFTAB AHMED, ROBERT HABBERSElT IRWIN SCHER,$
and WILLIAM E. PAUL

* From the Laboratory of Immunology, National institute of Allergy and Infectious Diseases: the Immunology Branch, National Cancer institute.
National Institute$ of Health, Bethesda, MD 20205; the Merck Institute for Therapeutic Research. Rahway, NJ 07065; and the Naval Medical

-' Research Institute, Bethesda, MD 20014

14GB Is monoclonal rat antibody that recognizes an functions of the other major B lymphocy'te subpopulation have
antigen found on 30 to 40% of B lymphocytes from yet been established, although these cells can respond to type
normal mice and on approximately 65% of B lymphocytes I TI antigens (10-12) and to many thymus-dependent antigens.
from mice with the xid-determined immune defect. 14G8* Singer et al. (13) have recently suggested that these cells are
B cells from normal mice resemble B cells from mice with uniquely responsible for histocompatibility-restricted T cell-B
the xld-determined defect In that the median amount of cell collaboration.
membrane 19M expressed per cell Is much larger than The antibodies that distinguish these Populations, anti-Lyb-3
that of 14438- B cells. The frequency of 14GO* cells Is and anti-Lyb-5, are limited in their utility because they are
highest In neonatal mice (-55% of all spleen cells) and difficult to prepare. Furthermore, anti-Lyb-3 does not fix comn-
falls with age to -25% of all spleen cells In adult mice. plement and anti-Lyb-5 requires extensive absorption and test-

*Relatively few lymph node or bone marrow B cells ex- Ig osqety eudroka fott rdc oopress the antigen recognized by 14G8. 14G38 also reacts Ig osqety eudroka fott rdc oo
with 50%/ of resident peritoneal cells and with red blood clonal antibodies that recognized B lymphocyte subpopula-

*cells. 14G8* and 14G38- B cell preparations were oh- tions. In this paper, we report the description of a rat mono-
tained by fluorescence-activated cell sorting and by ad- clonal antibody. 1468. which identifies an antigen found on a

herece o 14B cateddises.14G8 cels rspoded subpopulation of B cells that comprises 30 to 40% of normal
with in vitro proliferation to both anti-pa and to LPS. Cell B cells and approximately 65% of B cells from mice with the

*cycle analysis indicated that approximately 33% of these xid-determined defect. Certain- of the functional properties of
cells entered S phase in response to LPS and 38%/ In cells expressing and lacking this membrane antigen will be
response to anti-p. In contrast, 14138 cells responded described.
poorly to IPS (7% of cells entered S phase) although
they showed good responses to anti-it (40% of cells MATERIALS AND METHODS
entered S phase). Thus, 14G8* B cells, despite their
similarity to B cells from mice with the xld defect, can Animals. DBA/2N, (OBA/2N x CBA/N)F, (OCF1) i. (CCA/N X OBA/
proliferate to anti-ga, which B cells from defective, Mice 2N)F, (CDFI) i mice, and Fisher rats were obtained from the Small Animal

failto o. 468proide a onolonl atibdy aluble Section, Division of Research Services, National Institutes of Health. Be,-
fall te descriGptio ie of fuctonlBclnl anbodylat able thesda. MD. SJL/J mice were purchased from the Jackson Laboratory. Bar'in he escrptin o funtioal Bcel supopuatins. Harbor. ME.

Mitogens. Lipopolysaccharide W (LPS), E. col 0111134, was obtained
from ilco Laboratories, Detroit, MI. Affinity purified goa anti-P antibodies

.B lymphocytes of mice may be divided into subpopulations were kindly provided by Dr. Anthony DeFranco (Laboratory of Immunology.
*distinguishable from one another on the basis of functional National institute of Allergy and Infectious Diseases IlAID). Bethesda. MO).

Proprtis an exresion f mmbrae atigns (, 2 In The goat anti-p antiserum from which the specifically purified antibodies
and xpresio of embane ntigns 1, 2.'i were prepared was generously supplied by Dr. Richard Asoisky (Laboratory'Particular. one subset of B cells expresses the Lyb-3 (3) and of Microbial Immunity. NIAID).

:Lybs () aloatigns nd ppeas t beresonsbleforthe Enumeration of B cells. a cells were enumerated in alf experiments with
:L~b5 () aloadges ad apear tobe espnsile or he Bet I (14). a monoclonal rat andI-mouse 1gM antibody. Briefly. splenic a-calpacity of mice to produce antibodies upon immunization with cells were detected by either incubation with Bet I hybridoma supernatanta group of antigens, designated type 11 thymus-Independent followed i:y fluorescein-conjugated SJL anti-rat IgG or by Incubation with

(11-2) antigens C5-B), and for the ability of B lymphocyte biotin..conjugated Bet 1 followed by XRITC (a substituted rhodamine Iscithi-
* - Populations to proliferate In vitro to anti-immunoglobulin anti- ocyarate)-conjugated avidin (Vector Laboratories, Inc., Burlingame, CA).

* boies(9) Thi B ympocyt supoplatin i abent romthe Production and screening of hybridornas secreting monoclonal ret anti-bodis (). his8 lmphoytesubopuatin Isabsnt romthe mouse B cell antibodies. Production of rat x mouse hybridomas has been* Mutant CBA/N mouse (5). that expresses the xid-determined previously described by Springer et a. (15) and Ledbetter and Harzeriberg
'defect In B lymphocyte function. No distinctive markers or (16). Fisher rats were immunized l.p. and boosted 3 wk later with 10 x 100

DBA/2 spleen cells In Hanks" balanced salt solution 0HBSS). Three days
__________________________________________ after boosting, spleen cells of the Immunized rat were fused with cells of the

hypoxanthlne-guanine phiosphoribosyl transferaseonegativeo NS-1 myretomra
Reoewe for Publication November 12.1981. tire derived by K~hler at at. (17). Fifty percent polyelyieneglycol 1500
Accepted for publIcatIon January 28.1952. (Fisher Scientific Company. Fairlawn. NJ) was used for fursions: details of

.1The costs of publication of this article were defrayed In part by the payment fusion procedures and hypoxanthine-amtrnoplerin-hymlidine (H4AT) selection
114 PWcharges. This article must thereforei be hereby marked advetiserrent In were as published by 01 and Herzenberg (18). Three to 4 wk after the111MC1111ince Wit IS u.s.c. Section 1734 solely to Indicate this W.t fusion, culture supernatants were screened for their ability to bind to DBA/,Supprted I pert by tie Naval Medical Research and Deveopment CO 2 p~e cells. The screening procedure Involved the reaction of 100 09A/

"Wild Reserc Tak No. .GWPtE.O0l-1030. The opinions and assertions,2sleclswih0 ohyrdmsurntt byafoeci-0"ok"ehe 11014M are Ithe priWt ones of Me writers and are not to be construedi2sle el ihSp fhbioaspraatfloe yafursen
as official or reflecting ame views of lie Navy Department or the naval service Id conjugated mouse anti-rat IgG and subsequent analysis onea fluorescence-
large The eaperkmng reported herein were coniducted according to the prin.. activated cell sorter (FACS 11, Becton-DIckinson. Mountain View. CA).
C1046 set forth in the current edition of the Guide for Vie Coro and Use of Production of mouse anti-rat IgG anifsera. Mouse antiorat IgG antisera
AabWatoryAnn&ars Institute of LaboratoryAnimal Resosrces, Notional Research were collected from SJL/J mice immunized with purified rat IgG as preyl-
counil. MOO90 SPr ously described (14).
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Puriicationof monoco rat antibodies. 14GS and monoclonal rat anti- Isolation of 14G8" and 14G8" B cells by cell sorting. DCF1 6 spleen
TNP antibodies were purilled from culture supernatants by affinity chroma- cells, that had been treated with anti-Thy-1.2 (New England Nuclear,

* tography using a monockna mouse anti-rat IgG1.2a column as previously Boston. MA) and complement, were stained with tluorescein-conjugated
. described (14). Hybddoma cells producing monoclonal rat anti-TNP anti- 14G6 antibody. The brightest 10% of cells stained by 1408 were sorted as

body were kindly provided by Dra. Joseph Davie and Jeff Paslay, Washing- "'14G8 bright" cells, and the least fluorescent 40% of cells were sorted as
ton University. St. Louis. M0. '14G68-" cells. Reanalysis of sorted cells showed at least 85% of -14G8

Determination of heavy chain clas of monoclonal rat antibodies. Super- bright" cells were 14G68 and that less than 5% of -14G8- cells were
natant from hybridoma cultures was concentrated 10-fold using a Minicon 14G8 .
concentrator (Amicon. Lexington. MA). The concentrated supernatant was Fractionation of B cells using tissue culture dishes sensitized with 14G8
analyzed with class-specific anti-rat Ig antibodies (Miles Laboratories. Flk- monoclonal antibody. Plate fractionation procedures employed were a mod-
hart, IN) by Ouchterlony Immunodiltusion. 14G8 was Identified as rat lgG2a Ification of those reported by Mago et at. (25). Individual tissue culture
by this method. The monoclonall rat anti-TNP antibody also belongs to the dishes (100 x 20 mm. Corning 25020) were sensitized for I hir at room
19G2a subclass (personal communication. Dr. Joseph Davie). temperature with 5 ml of a 20 pg/ml solution of purified K2530. a mono-

Preparation of fluorescent antibodies. Purified 14G8 and anti-TNP mon- clonal mouse anti-rat IgG1.2a antibody (14) in PBS. -
oclonal antibodies In phosphate-buffered saline (PBS) were adjusted to pH The dishes were washed 5 times with PBS. and 5 ml of 14G8 hybridoma
9.5 with 5% NaCO3. The protein concentration was usually 2 to 3 mg/mi. supernatant was allowed to bind to such K2530-coated dishes overnight.
Fluorescein-lsothlocyanate (FITC) was mixed with Celite (Calbiochem. La The plates were again washed 5 times with PBS immediately before addition
Jolla. CA) In a ratio of 1:10 (w/w). Two parts of protein were mixed with I of cells. 75 to 80 x 10' spleen cells In 5 ml of HBSS containing 20% FCS
part of FViC:Cellte (w/w) and reacted at room temperature for 20 to 60 and 0.1% NaN3 were allowed to adhere to 14G8-sensitized dishes at room
nin. Unreacted FITC was separated from conjugated protein by filtration temperature. After 45 min. nonadherent cells were transferred with a
through a Sephadex 0-25 column. The fluorescein/protein (F/P) ratio was Pasteur pipet to another 1408-sensitized dish. and incubation was contin-
3.0 for both fluoresceinated 1468 and anti-TNP. Florescein conjugated ued far an additional 60 min. Nonadherent cells obtained after 2 cycles of
14G8 and anti-TNP were ultracenrifuged for 1 hour at 100.000 X G to incubation on 14GS-dishes are referred to as "'14GS-depleted" B cells.
remove aggregated immunoglobulins. Cells adherent to the first set of 14G8 plates were gently rinsed 10 times

SJL anti-rat IgG2 antisera were precipitated with 33% ammonium sulfate, with HBSS + 20% FCS + 0.1% NaN,. The remaining adherent cells were
redissolved. dialyzed against PBS. and conjugated with FITC according to removed by pipeting. These cells are referred to as "14G8-enriched' B
the above procedure, cells.

Preparation of biotin-conjugated monoclonal antibodies. Biotin-conju- Cell culture and 3H-thymidine incorporation. Spleen cells were cultured
gated monoclonal antibodies were made by reacting I mg of purified In a final vol of 0.2 ml in Mishell-Dutton medium (26) containing 10% fetal
monoclonal antibody in 0.1 M NaHC0,, pH 8.4, with 120 jig of biotin calf serum (Rehatiun. Armour Pharmaceutical Co,. Pheonix, AZ). 16 mM
succinimide (Biosearch Research Biochemicals. San Rafael, CA) according HEPES* buffer and 5 X 10-5 M 2-merceptoethanol in 96-well tissue ctlture
to Bayer and Witcheck (19). clusters (No. 3596. Costar. Division of Data Packaging Corporation, Cam-

Preparation of spleen celos for staining with fluoresce -<conjugated anti- bridge, MA). All cultures were pulsed with I pCi of mthyl-?H-thymldine (6.7
bodies. Spleens were removed from mice and gently toosed apart in HBSS Ci/mmol. New England Nuclear) at specific times after initiation of cultures
with forceps to make single cell suspensions. Erythrocytes were removed and harvested 4 hr later using a MASH harvester (Microbiological Associ-
by NHCI-erythrocyte lysing buffer (20). After lysix of oryttriortios. dead ates. Wailkersville, VD). Liquid scintillation fluid was added to the filters.
cells were removed by low ionic strength, iso-osmotic medium according to and radioactivity was determined in a Beckman liquid scintillation counter.
von Boehmer and Shortman (21). The cells were made up to 20 x t'/ml Cell cycle analysis of mitogen-stimulated cells. Colcemid (GIBCO Labo-
in HBSS containing 1% bovine serum albumin (BSA) and 0.1% NaN,. ratodas, Grand Island. NY) was added to all cultures to a final concentration

Fluorescence analysis on a fluorescence-activated cell sorter. For single of 25 ng/ml I day after Initiation of cultures, to block cell division. Deter-
parameter fluorescence analysis. 50 i (10) of cells were either incubated mination of DNA content was performed at indicated times by staining with
with appropriate fluorescein-conjugated monoclonal antibodies or incu- propidium Iodide (27) and analysis on a TPS I cell sorter (Coulter Electron-
bated with 10 to 50 pl of hybridoma supernatant. followed by reaction with ics, Irc.. Hialeah, FL). Percentages of cells In G,. S. and G2+M phases of
a previously titrated quantity of fluorescein-conjugated SJL anti-rat IgG. All the cell cycle were determined using a mathematical algorithm according to
Incubation steps were carried out on Ice for 20 to 30 min, followed by 2 Ravache o al. (28).
washes with HBSS containing 1% BSA and 0.1% NaN,. The stained cells
were then analyzed by flow microfluorometry (FMF) on a fluorescence- RESULTS
activated cell sorter. Basic principles of FMF analysis have been described

" by Loken and Herzsnberg (22) and the conditions of analysis were as 14G8 reacts with a subpopulaton of adult spleen cells.
reported by Sharrow et al. (23). The histograms of lkuorescence distribution Figure 1 shows fluorescence profiles of DCF, 6 spleen cells
shown in Results were obtained by analyzing 50.000 cells per sample and reacted with culture supernatant from 1408-producing cells
are always plotted as number of ceils (y-axis) vs fluorescence units (x-ax s.
that contained 1000 channels). Light scatter gating was employed to limit followed by fluoresceinated mouse anti-rat IgG. Profiles dis-
the analysis to viable cells. Macrophages were probably Included in this played in panels A and B were generated by using linear and
population but dead cells and any erythrocytes remaining after NH.Cl le"s logarithmic amplifiers, respectively, for FMF analysis. The num-
were excluded. rm -

For dual parameter fluorescence analysis, cells were incubated with ber of cells specifically stained by 1408 was determined as
fluorescein-conjugated monoclonal rat antibody and blotin-conjugatd Bet described in Materials and Methods. 14G8 specifically reacted
1. followed by reaction with a previously titrated amount of XRITC-avdin. with 25.2% of spleen cells, based on analysis using the linear
The stained cells were then analyzed using a FACS II dual laser system.
Conditions for dual laser setup. operation, and details for data collection amplifier, and with 27.7% of spleen cells, based on logarithmic
and analysis have been published by Segal etal. (24). Briefly, the data were analysis. Neither the number of positive cells nor the intensity
collected and stored na PDPI 1/40 computer as a 64 x 64 channel matrix of fluorescence of positive cells Increased with the use of
for correlation of dual color fluorescence. Results of dual color fluorescence

analysis shown in Results were obtained by performing slice analyses with increasing amounts of 14GB, which suggested that we have
* the aid of a computer. By arbitrarily choosing a "fluorescence 1" window, saturated the antigenic sites on positive cells. Thus, the low

the computer is asked to generate a plot of cell number vs "fluorescence Intensity of staining indicates the existence of a small number
2" Intensity, disregarding all cells with fluorescence I Intensities failing of antigen molecules on the positive cels rather than low

* outside the chosen window. Such "slice" plots are shown In Figures 2, 4,
and 5: In these plots, the x-axis Is made up of 64 channels. The y-axis affinity binding by 1408. The fluorescence profiles of cells
(number of cells) has been normalized such that the area under the curve Incubated with a control culture supernatant obtained from
Is equivalent to that generated when 50,000 cells are analyzed. hybridoma cells secreting a rat IgG2a anti-TNP monoclonal

Calculation of percentage of positive cells by fluorescence analysis on antibody followed by fluoresceinated SJL anti-rat IgG was
FACS. Positive cells were defined as cells with fluorescence Intensities
greater than the point at which the fluorescence histogram of stained cells indistinguishable from profiles obtained with fluoresceinated
could be clearly distinquished trom that of control cells. The percentage of SJL anti-rat IgG aone. Since 14G8 Is a rat IgG2a immunoglob-
cells with specific staining was then calculated as follows:

% pecific positives - 'Abbreviations used in this paper: DCF,, (OBA/2 X C8A/N)F,: COF0. (DOA/
N x DBA/2)F:; F.F. flow microfluorometry; TI. thomus independent HAT.

% Positive stained coils - % positive control cons x 100 hypoi anthine-amnopterin-thymidine;HEPES.N-2-hyraxytylpiperazin-,'.-2-
100 - % positive control cells thanesullonic acid; F/P ratio. fluoiresein/protein ratio.



* 1982) B CELL SUBSET DEFINED BY MONOCLONAL ANTIBODY 2051
ab notypically normal DCF, 6 spleen cells with those of an Immune

detective COP, 8 reacted with either 14GB or a rat monoclonal
4 LINEAR AMPLIFIER 4 LOG AMPLIFER anti-mouse 1gM hybridomta supernatant followed by fluores-

LU 

A 
A 

01G

coin-conjugated mouse ant.-tat agO. Control cells were treated
Y33 with fluorescein-conjugated mouse anti-rat IgG only. By defin-

2 Co3rl, Ing cells to the right of the arrow as positive. there were 83%
C4G tr and 43% lgM* cells in OCF 1 8 and CDF, d spleen ceons.

C! respectively. These values were arrived at after appropriate
(25.%+) 4GB(27.%+) subtraction of control values as described In Materials andZ \

0 2 4 6 a 10 0 1 2 3 100a 8.
S FLUORESCENCE NT O, EAIE 1438 staining pattern IggM staining patternx 02FUOESECEW of DxCF1 d spleen oefs so of DxCF, d spleencells

Figure 1. 14GO reacts with a subpopulatlon of spleen ceIl Spleen cells
were inicubated with 14G8 hybuldoma supernatant followed by fluoresceln-con- 40. 14't,+ So 50.2%+
jugated SJL anti-rat 9GO antibody. FMF analysis were then performed with the
use of either a linear or a logarithmic amplifier. Control cells were Incubated with 200 200
tiuoresceln-coniugated SJL anti-cat IgG antibody only.

C0
2.S 5.0 76 10.0 6.7 13.3 200 257

ulin, this Indicates the specificity of its binding. To further verif 40A b Tat -

the specificity of 14G38 staining. we compared direct staining f l4~tIniri attenMsann atr
of spleen cells with fluorescein conjugates of 1 4G8 and anti- 3D, Of IgM I cells 9sa of 14G8* cells

TNP control antibodies. Both reagents were affinity purified by iae 902
adsorption to a K2530-Sepharose column (a monoclonal0
mouse anti-rat lgG2a column) and subsequent elution with 3.5 ~ 0[
M MgC12. Both purified antibodies were conjugated with fluo- 2 at
rescein isothiocyanate to an F/P ratio of 3.0 and ultracentri- Z23 5o 7.S 10.0 6.7 13.3 20.0 267

fuged for 1 hr at 100,000 x G to remove aggregated immu- 39.6 138tngpten C 672 gMstaining pattern f

noglobulins. DCFj 6 spleen cells were stained With either 1 ~g 29. of lgM- cells 50.4 of;%14GB cells
* of fluorescein-conjugated 14G8 or 1 jug of fluorescein-conju- 5%43O-

* gated anti-TNP antibody per 10Do cells. Positive cells are arbi- 19A 1.%+ Us430%

trarily defined a3 cells with fluorescence intensities higher than16
the first point at which the fluorescence histogram of 14138
stained cells starts to be clearly distinguishable from that of a- 7.5I -- 0-- 6? a3-L00

Unstained cells. Using this method for scoring positive cells FLUORESCENCE UNITS x 10.
and' Without any subtraction of control values, there were Figure 2. Dual fluorescence analysis of OCF% 8 spleen cells with 14G8 and
16.0%, 3.6%, and 1.9% positive cells in 14G38 stained, anti- antw-gM monoclonal antibodies. Sp;een cells from DCF, d mice were Incubated
TNP stained, and unstained cells, respectively, In this eXperi- simtultaneoulsly with fIuoresc *tn-cor~ug&!ed 14G8 ard blotin-conjugated mono-

ment. conall antl.gM followed by XRITC-avldin. They were then subjected to dualmenu. fluorescence. FMF analysis as described In Maltials and Metods. Arrows
14G8 reacts with a subpopulation of B cells. The relationship Indicate median fluorescence of positive cells, determined as described in

* between the presence of surface IgM and the expression of Abtal cs and Methos. Dual parac'eter analysis of COF, d spleen cells (Fig. 4)
the determinant recognized by 14GB was studied by reacting was pefrr on the same day.

* DCF, 6 spleen cells with fluorescein-conjugated 14G8 antibody
and with biotin-conjugated monoclonal rat anti-mouse 1gM an-
tibody followed by XRITC-conjugated avidin (Fig. 2). By defin- 2V DxCF1 d spleen cells DxCF1 d spleen cells
Ing cells In the shaded area on the fluorescence histogram as __

positive, 16.4% of the spleen cells were 14GS+ (panel A) and
50.5% were lgM* (panel Q). Arrows indicate the median fluo- '~1.33

rescence Intensity of positive cells. An analysis limited to those At~ ~+ 48(2+
cells that were lgM+ indicated that 28% were 1 4G8* (panel 0.67 Control . Control
8). and a similar analysis of the lgM- cells showed only 1.5% d1

'1 Lto be 14G8* (panel C). When 14G8* cells were analyzed, at LL a a 18 24 32 40 0 2 4 6 1 10
least 90% were lgM* (panel E). Of the 14138 spleen cells, 5 2.67 CxOF1 d spleen cells CxDF 1 d spleen cells
43% were lgM (panel F). These results indicate that alm ost F,6LsIi+,eUI F'd $l e ,
all 14G8* cells are 1gM* but that only a portion (about 30%) of C20
1gM* cells express the determinant recognized by 14G8. Z ita A I4%4G 3A further difference between 14G8'lgM* and 14G8-1gM At 1 4%) 4818+cells may be seen by inspection of the fluorescence histogramsi 0.67 control Control
of the anti-lgM staining of these populations (panels E and F). J

* 14GS'IgM* cells have a median 1gM fluorescence Intensity e s 1s 24 32 40 0 2 4 S 0 16
approximately twice that of 1 4G81gM* cells. In addition, the FLUORESCENCE UNITS x 1-
14GS'lgM* cells are considerably more heterogeneous than Figure 3.Fluorescence histogrami of normal and C8A/N spleen cells with
14G8-IgM* cells in the amount of 1gM they express. antl-lGM and 14G8 monoclonal ontibadits. spleen cells from phenotypicaly

normal (I)CF, 6) or dolocie (COF. 6) mice were Incubated with 14G5 of anti.14G8 reacts with more CDFI, d spleen cells than DCF 1 8 19M hYbridoma SuPerniaAnt follaod by ttuoresceln-conjugated SJ. anti-at IgG.
Wpeen cells. Figure 3 compares fluorescence profiles of phe- Control cells received only fluoresceinated SJL anti-rat NgO.
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*-Methods. The 1gM staining profiles confirm results published Ila, 1gM St~ pnm of Ia '~ gM NStg patn. 13
by Scher et a. (29) In showing relatively few cells bearing low 14G8 spteras 8 cells I ofI pencBc

amounts of surface 1gM in CDFI 8 mice. This results in a higher Ia
than normal median fluorescence Intensity and a greater het- s3 -1130 Ji-
erogeneity of 1gM expression on their B cells. Even though the I xF
percentage of B cells In DCFI d spleen was approximately one 25 0 1
and one-half times that of CDFI 8 spleen, there were more cells z
bearing the determinant recognized by 1408 In CDFI 8 spleen a V~ 133 X-3 a6. 0 7 1" 2n0 2&7

* than in DCF, d spleen (38% vs 22%). The 14G8 staining FLUOPESCENCE UNITS x W0
patern ofDCF 6 nd DF1 6 slee cels eresimlardesite FigureS lgM-st*rig pattern f 1405' 8 cells ard ant B cells. igM-stekftn
pattrnsof CF1 an CDI dsplen cllswer simlardesitepattern of anDB cells and of "14G3- -8 cells from rormWa CDCFi 4) and defective

differences in percentage of 14GB' cells and differences in (CDF, e) mice are shown. The -s are generated as described in materials
1gM staining patterns of these cells. and Methods.

These results suggest that a much larger fraction of 1gM', TABLE I
cells In mice with xid-deterilned immune defect express the Tissue distribution of cells expressing the delerrrJnant recognized by 1468
antigen recognized by 14G8 than do lgM* cells from pheno. % f ca Calls Boun' by-
typically normal mice. Tov %B4W14G8

*14G8 reacts with a major subpopulation of CDF1 8 B cells. Spleen 7 54.2 :J 4.3 22.2 * 4.0
Lymph node 2 9.5±t0.3 1.0±*0.1To directly examine the expression of the determinant recog- Bone marrow 1 19.0 2.8

nized by 14GB and of 1gM on spleen cells from mice with the Thymus 1 0.5 0.7
xid-determined immune defect. CDF, 8 spleen cells were re- ' C0ll3 from indicated tissues were obtained frem DCP, 8 mice 2 to 5 moe of
acted with fluorescein-conjugated 14138 and with a biotin-con- age - nme fd~nialrs
Jugated monoclonal rat anti-mouse 1gM, followed by XRITC- 0 Percentages of B cafl and -ails bound by 14G8 were determined by FMF
avidin (Fig. 4). There were 28% 14G8* cells (panel A) and after the cells were lnc~bated .' h either ret monoclonall antl-lgM hybridoma
39% lgM* cells (panel D). Of the 1gM* cells, 63% were 14GS* supernatant or 14G8 trtidoma suernatant. respeclvlt. followed by fluores

(panel B), whereas there were only 5% 1 4G8+ cells among cr-ojgtdSLwt-a g.Aeaevle Daeson
lgM cells (panel C). Of 14G8+ cells, at least 83% were IgM*. DCF1 8 mice (Fig. 2). Figure 5 illustrates these points by

wheras nly20% f 108-cels wee 1M' panes EandF).presenting the positive portions of these patterns adjusted so
*The 1 4G8*1gM* CDF1 6 spleen cells display a median 1gM that there are equal areas under each curve.

fluorescence Intensity and fluorescence profile, which is similar Ti-edsrbtorn of celrcoizdb1GBm ocnl
to that of 1 4G8'lgM * cells from normal mice (Fig. 2) and to atbd.Dt rsne nTbeIso httepretg
unseparated IgM' spleen cells from genetically defective CDF, ofclsbern hedtrnant recognized by 14G8 in spleen
d mice (Fig. 4). This pattern Is distinctly different from that of is approximately 40 to 50% that of 1g!A' cells. Bone marrow
the total population of IgM' cells from phenotypically normal contained 19.0% IgM 4'calls and very few (2.8%) cells bound

by 1 4G8. Therefore, the majority of bone marrow B cells must
0.0 C 3.0 d be 14G8-.

14GB staining pattern 1gM minn pattern Thymocytes contained less than 1 % of IgM* cells as well as
of CDF plee CxF 1  l~fI cells recognized by 1403. In 2 experiments, lymph node cells

40.028.2%+ A" 39.0%+ contained approximately 9 to 10% B cells but only 1% 14G8+
cells. In this respect, Iyrph node B cells are similar to bone

20.0 200 ~~~marrow B cells in that the great maort fte r o
recognized by 14638. In addition to the reactivity of 14GB with

2.5 50 7A S00 V7 W 20.0 2617 a subpopulation of B cells. it also recognizes a determinant on
1. 8 stbnn pat&s -g st9igpte erythrocytes. since 14G8 hybridoma superaratant causes he-
2" of lgM*cobl *3- of 14W8 ca magglutination at as low as a 1: 1024 dilution. Further analysis

63.0+ 830%+ showed that 1408 also binds to approximately 50% of resident
&L 0% 3.% peritoneal cells (data not shown). These cells are most con-

W 72 sistent with macrophages since fluorescence vs light scatter

0 dual parameter analysis showed that the peritoneal cells rec-
rescence.

1413staft ptte, 1M stft ammOntogeny of cells expressing the determinant recognized by
3& f1W O 17 of1Wtf 14G8 in spleen. Spleen cells from DCF, d mice from I wk to 6

5.% "a.. 19%+ mo of age were examined for percentage of B cells and conls
expressing the determinant recognized by 1408. Table 11

noU shows that there were in general 50 to 6096 IgM* cells among
spleen cells of mice of all ages tested, whereas the percentage

* 0 75 *0 7 113 20 2V of cel epesithe de~erminant reonie by 14G8 slead-
tirr x i- Ify decreased from 55% at 1 wk of age to 27% at 6 wk of life

and then remained constant around 20 to 25% (9 wk to 6 mo).
*Fig W 4. Dual Iboreacence analysisl of COP, 4 spien cells with 14G8 an Mitogen responses of sorted - I 4G8 bright" and- 14G8-

ent4gM m-Niocloonal antibodies. S1pleen cels from CDp, 4 mice were incubated
sliftallneously with floescw . gatedl 1408 and bln-conjgated mono- B cells. B cells from norm~al mice that express the determinant
Olion~Jal O-1M followed by XRfTC-*Mlln. They were then subjected to dual recognized by 14GB resemnble B cells from mice wiith the xid-
flaaoesaconce FMP analysis. Arrows Indtet Median fluorescence of Positive determined Immune defect in their surface 1gM expression, andCalls. Dual parameter anallysits of DCP, 6 splen cells WPig. 2) was performed celoxrsigthneemnn eogie y10 r
tos ow day.celexrsigtedtriatrcgieby1 8ae
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enriched among the B cells of defective mice. Consequently. ent when calculated on a per cell basis and because of the
we wished to examine functional properties of normal cells possibility that 14G8- cells might be depleted of macrophages,
expressing or lacking the determinant recognized by 14G8 In CDF, d spleen cells (2 X 10) were added as fillers to cultures
terms of known functional properties of cells from mice with in which the effect of anti-# was to be tested. Cultures contain-
the xid-determined defect. The simplest system to examine is ing only CDF1 8 spleen cells do not incorporate 3H-thymidine
the proliferative response to mitogens. B cells from defective In response to anti-i. Furthermore. when COF, 6 spleen cells
mice fail to proliferate In response to anti-. Furthermore, they are used as fillers, a linear relation between number of anti-
do respond to LPS. although at low cell densities their re- Thy-i.2 + C treated DCF, s spleen cells added and SH-thymi-
sponses tend to be poorer than those of normal controls, dine uptake In response to anti-p was observed over cell

Anti-Thy-i.2 + C treated DCF, d spleen cells were stained densities ranging from 40.000 to 200,000 per well (data not
with fluorescein-conjugated 14G8 and sorted according to the shown). Unsorted cells and the "1408-" cells responded to
amount of bound 14G8. Since B cells express relatively few anti-p to a comparable degree. In 2 of 3 experiments "14G8
molecules bearing the determinant specifically recognized by bright" cells responded to anti-p. although In both of these
14G8, "high gains" on the cell sorter are usually selected for cases the magnitude of their response was somewhat less than
enumeration of cells expressing the determinant recognized by that of - 1 4G8 negative" B cells.
14G8 and for the sorting of these cells. This results In a The most striking funct:onal difference between "14G8
relatively high background fluorescence of control cells; thus, bright" and "14G8-" B cells was found In their differential
approximately 10 to 20% of cells scored as 14G8 + could be sensitivity to activation by LPS. Experiment I. Table II demon-
accounted for by unstained cells, strates this point by showing a 2-fold enrichment In LPS-re-

To minimize the potential contamination of 14G8 cells with sponsiveness of "14G8 bright" cells and a 2-fold reduction in
negative cells, we set windows on the cell sorter to sort only LPS-stimulated proliferation of "148-" cells in comparison
the 10% brightest cells into the -14G8 bright" fraction, to responses of unseparated cells. Data presented in experi-
"14G8-" cells were made up of the 40% of cells displaying ment II show a more dramatic 3.5-fold enrichment and 5-fold
the lowest fluorescence intensities. When reexamined after reduction in LPS-respons~veness of "14G8 bright" and
sorting, the negative cells were indistinguishable from un- "14G8-" B cells, respectively. It is unlikely that the poor
stained cells and the "14G8 bright" cells generally contained responsiveness of 14G8- cells to LPS can be explained by
90% positive cells, depletion of macrophages from this population. First, the ad-

Microcultures containing 50,000 sorted Cells were estab- dition of Irradiated spleen cells to "14G8-" cells does not
lished with either LPS or anti-p as mitogens. Because prolifer- enhance their responsiveness to LPS (data not shown). Sec-
ative responses stimulated by anti-p are quite density depend- ond, "I4G8- " cells cultured without exogenous macrophages

respond well to antI-p.
TABLE 0 These results were surprising in 2 respects. First, It was

Ontogeny of cels ex xessing tedeterminanrecognafedby 14G8 in spleen anticipated that "14G8 bright" cells, since they appeared to
Ag* % B Clta" % Cu t Sweou' by 1406 be analogs of B cells from defective mice, would respond

f 1 t 48 55 poorly or not at all to anti-p; second, we expected that "14G8-"
,'1 2 w 54 37

a wiK 62 27 cells would be at least as responsive as "14G8 bright" cells to
9 W-c 55 25 LPS. based on the finding that B cells from normal mice
3 mno 51 22 generally respond more vigorously to IPS than do B cells from
6 ro 52 20 defective mice.

* OCF, d rce of inclcated eO were secrifced a4 their spleen cells w Ce of sorted "14Gb "4G8-" B
analyzed by F.F for percentage of B cels after incubation with a monoclonal rat Cl cycle anasis bright"and
anti-mouse 1gM hybrlidoma supematant followed by fluorescein.conjugated sJL. cels. Since 3H-thymidine incorporation is a measurement of
"nPrcentage of cols exprsing the determinant ognized by 14w the average rate at which responsive cells are synthesizing
d eercmined by FMF af.er Ictabsaon of celi with 14g by 14Gemas DNA. it does not accurately measure the net fraction of cells
Wllowed by Suoreacen'Co ued SJL anti-rat IG. responding by DNA synthesis. In order to ascertain the fraction

TABLE U
. rWogen responses of "14G8 bright" and "14G8 negatve" 8 ces

Respoe S Ansle.

"EspL IEJ. n EX0. is

V-'V aoq* e AnSI.P Asp. Medium ierdy Audip £ cPu vedkw" nl AnUsp A CPM
CPM

168 351 163 658 N.D. - 531 944 413
Una , 1.751 18.796 16.045 3.445 15,259 11.814 1.981 23.434 21.453
1406 bright 7.579 7,330 0 6.157 14.312 9,155 3.987 15.299 11.332
4" negall" 1.06 21.182 19.677 2.321 16.710 14.389 1.669 22.562 20.693

teponse so LPW

ve, umuol LPW Modium €dy LPS AWcO

Wearied N.D.? 34.820 268 31.945 31,657
1408 brl M N.D. 61.569 6n 104.074 103.421
1408 negativ N.D. 15.624 149 5.927 5.778

M etduiesc iftld 60,000 umeoned cels or FACS U.sortod call.
nli-p wls wood of a final cnceMlratlon of 50 of/ed.O hiwm recee al. a fMow e n lo contained 2 x 109 COF, d speien calls 4s fiL

*LP wo d ofa fInd concentrations of 0 pglM.

,".--- -.--.-. .-......... ... .
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of "14G8 bright and "14GS8" cells synthesizing DNA in 21-5R. 4" M1R. "4H. W04" Ia.

response to LPS and anti-p. cell cycle analyses on stimulated
cells were performed (Table IV). Cells were cultured at relatively6

* high cell density (250.000 cells/0.2 mi/well) In order to avoid a coo,
the need to add CDF% d spleen cells as fillers. One day after
Initiation of cultures. colcemid was added to block cell division. to
Cell cycle analysis on viable cells was performed 2 days after
Initiation of cultures. Of the -1 4G8 bright" cells, 38% and 39% /L~fw

0 efentered S phase In the presence of ant-gs and IPS. respec- 2b5
tively, whereas only 5% of unstimulated "I14G8 bright" cells
entered S phase. In 2 separate experiments, approximately
40% of "I 4G8-" 8 cells entered S phase In the presence of
anti-p. but only 9.5% of -14G8" cells cultured with IPS
entered S phase. The background response without added *0 cea
mitogen was approximately 3% for -1 4G8-" cells. With back-
ground values subtracted Crable IV, Expt. 11), 17% of unsorted 2 4 68 2 4 68 2 4 68 2 4 68
cells, 33.5% of -1408 bright" cells. and 7.2% of "1408-"
cells responded to IPS. Clearly, ".14GB bright" cells were UVI5:R OF CELLS PER VAIL x0-'

enrihedforLPSresonsve ell an "14G cels ere Figure, 6. K0netics ot LPIS-stimulated proliferation with plate fractionated sub -enrihedforLPS-espnsie cels nd 14GS cels ere populations of B cells. Anti-Trhyl + C-treated DCF, d spleen cells ware fraction-
depleted of LPS-responslve Cells. A similar analysis with cul- ated on 14G8 sensitized Petri plates according to Materfaft and Me"h& LPS
tures stimulated by wttl-p (Table IV, Expt. 11) yielded rather Induced prolieration is as follows. 9, unfractionated cells; []L -1 4G-enrlched"'

or 1408*" cells; & "l4G-d-pleted-' or "1408- cels
similar percentages of each cell type C47.4% for unsorted cells,. FMF analyss of ;late fractionated cells showed that untractionated cells
32.19% for -14G8 bright" cells, and 39.99% for "14G8-" contained 89.6% I;W calls and 41.4% 14G8 cells; -14G8'- cells contained

clsrepnigbeneigS phase. 97.1% 19M' cells and 54.7% 14GS* cells-. and -14085- cells contained 73.0%
cells resondig by19Wg cells and 4.7% 14438 calls. Cultures were pulsed at indicated times with

LPS-responsivenessofpte-fracfonated 14G8*' and 14G8 'lg-thymldine.
B cells. Since a larger number of B cells are required for
detailed kinetic analysis of mitogen responses than can be populations of ceils are very similar, one can reach the conclu-
conveniently obtained by cell sorting, we attempted to use Sion that " 14GB-enriched" B cells respond approximately 10
culture dishes sensitized with 14(08 hybridoma reagent for times better to LPS than preparations depleted of 1 4GS' cells.
purification of 14G8+ and 14G8- B cells. Typically, this type Since "14GB8-enriched" B cells contained 97% B cells and
of fractionation procedure yielded B cells that were 7 to 10. "1408-depleted" B cells contained 73% B cells, one could
fold depleted of I 4G8' cells and B cells that are 1.5- to 2-fold expect no more than a 30% difference In responsiveness based
enriched for 14G8' cells. Employing such "1468-depleted" on the net number of 1gM* cells used.
or "1408-enriched" 13 cell preparations, we examined the Although differences between "1408-enriched" cells and
kinetics of LPS-stimulated proliferation at 4 different cell den- "14018-depleted" cells are less striking, when the cells were
sitles (Fig. B). Preparations of B cells depleted of I 408' cells pulsed with 3H--thymidine on days 2 and 3. the 4-fold difference

*responded very poorly to LPS when compared to unseparated observed Is still much higher than could be accounted for by
cells. This difference In LPS responsiveness Is most striking the 30% difference in percentage of B cells. It Is not surprising
when cultures were pulsed with 3H-thymldine on day 1. Since that *1 4GB-enriched" cells showed only a modest increase in
the slopes of the cell densityrspons relationship of the 3 L-PS-stlmulated proliferation In comparison to unstimulated

cells, since 41.4% of unfractionated cells were 1408' and
TABLE IVWcal 54.7% of "1 408-enriched" cells were 1408'.

Celf cycle analysis of mitogsesntiults -*4G8 brigirt' and "14GO~ el
---6 --- 01cre' DISCUSSION

060 a1G~ a?~ +9. 23. 16. 40.4+ A Monoclonal rat antibody, 14G8. that recognizes a deter-
"14G8-- LIPS 90.5 5.1 4.3 9.4 mlnant expressed by a subpopulation of B cells, Is described
~'4GS- NOne 96.0 2.9 1.0 3.9 In this paper. It reacts with 30 to 40% of splenic B cells from

N "1408- And-is 87.8 26.2 18.0 42.2 Immunologically normal DCF1 d mice and with approximately
'140111- LIDS 90.5 5.8 3.7 9.5 65% of splenic B cells from CDFI 8 mice, which express the
"1408- No"e 97.7 1.9 0.4 2.3 xid-determlned immune defect.
"1408 brighr" Antl-p 62.2 19.0 18.5 37.8 More than 90% of spleen cells expressing the determinant
~'14GS bright"~ LPS 60.8 24.7 14.6 39.3 recognized by 1408 are B cells, and such cells from DCFj 6
"11408 bright"' None 94.3 4.0 1.7 5.7 mice are similar to unseparated CDF, 8 B cells In having a
Unsorted AntI-p 49.9 30 .1 20.0 50.1 relatively high median 1gM density and a characteristic IgM
Unsorted LIPS 80.3 10.2 9.5 19.7 staining pattern. -'14GS8-" B cells from DCF, 6 mice bear low
unsorted None 97.3 1.7 1.0 2.7 amounts of 1gM. and this subpopulation of B cells appears to

*DPC, d spleen cells were treated with entl-Thyl .2 + C and stalied with be missing or present in low numbers In CDF, 8 mice.
fluorescelnconlugalsd 1405. The brightest 10% oftIhe stained cells were sorted
an '1408 brlghr Calls; and fth least fluorescent 40% of cells were sorted as In addition to its recognition of a subpopulation of B cels.
-11408- CeL Single cultures containing 250.000 cells/well In a final volume 14G8 also shows weak reactivity to mouse erythrocytes. about
odde0. lwr e ph 6wl irttrPae.N O,8fle el 3% of nucleated bone marrow cells, and 50% of resident

0Affintily purIfied anti-p and IPS were each used at a final concentration of 5o peritoneal washout cells. It does rnot show any reactivity toward
"g/Val. tyoy n eihrlTcls h ecnaeo el* Cal cycle analyses werle peromed 4410o46 hr after initiation of cultures. tyoye n eihrlTcls h ecnaeo el
Colcemid was aedto all cuittu'as 24 hr after iitstfont of cultures to prevent bearing the antigen recognized by 14G8 in neonates is high
activated cells from d~vison. (approximately 50% at 1 wk of age) and steadily decreases to

4%
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about 20 to 25% of total spleen cells by 2 mo of age. that 14G8* B cells are Lyb-5-. Indeed, preliminary experiments
*1 Ledbetter and Herzenberg (16) have described a rat mono- performed in our laboratories have shown that sorted " 14G8

clonal antibody 30-E2 which has tissue specificity similar to bright" B cells are not lysed by anti-Lyb-5 + C.
14G8. Recently. Lanier et at. (30) have found 30-E2 to react Because of the apparent s:rnilarity of 14G8 B cells from
with some but not all B cell lymphomas. We were able to block normal mice to B cells from mice with the xid-determined
the binding of fluoresceinated 14G8 to spleen cells with 30- defect, one might expect 14G3' B cells to behave like B cells
E2-containing hybridoma supernatant. This suggests that 30- from defectivemice in being unable to mount a proliferative
E2 and 1418 may be directed against the same antigenic response to anti-p and in haV,-g a low-level background prolif-
determinant. eration. However. contrary :o expected results, we found

Mitogen responses as measured by 3H-thymidine incorpo- 14G8 B cells to be respons.ie to anti- = stimulated prolifera-
ration of sorted "14G8" and "14G8 bright" B cells from tion. Furthermore, 14G8 + B ceils display a much higher level
DCF, d mice show that -14G8 bright" B cells are highly of background proliferation ttan B cells from mice with the xid-
enriched in LPS-responsive cells, while -14G8-" B cells are determined defect.
greatly depleted In LPS-responsive cells. However, both sub- CDF 6 B cells have also been reported to respond poorly to
populations of B cells are capable of responding to anti-It by LPS at low cell concentratior.s (31). Thus, one might expect
proliferation. Incubation of whole spleen cells with 14G8 did 14G8- B cells to be enriched in LPS-responsive cells. On the
not alter their proliferative responses to LPS and anti-p. Cell contrary, we found that 14G8- B cells were enriched in LPS-
cycle analysis of mitogen-stimulated -14G8-" and "14G8 responsive cells and 14G8- B cells were severely depleted of
bright" B cells also yielded similar results. Thirty-three percent LPS-responsive cells. Theref.re, despite similarities between
of "14G8 bright" cells and only 7% of "14G8-" B cells 14G8 B cells from normal rrrce and B cells from "xid" mice
respond to LPS by DNA synthesis (enter S phase of cell cycle). In expression of amounts of rnembrane IgM, the antigen rec-
With anti-,p as a mitogen, 38% of "14G8 bright" B cells and ognized by 14G8. and in the lack of LybS expression, the
40% of "14G8-" B cells respond by synthesizing DNA. Back- activation requirements of these cells appear to be very differ-
ground percentages of cells synthesizing DNA without added ant.
mitogen vary between 3 and 5%. Bone marrow B cells display a heterogeneous IgM staining

Dual parameter fluorescence analysis of spleen cells stained pattern similar to that of cells from "xid'" mice and of neonatal
with fluorescein-conjugated 14G8 and biotin-conjugated anti- B cells. This suggests that B cells in the bone marrow may be
p followed by XRITC-avidin showed that 90% of spleen cells comprised of mostly "immature" or neonatal-like B cells. If one
expressing the determinant recognized by 14G8 are B cells associates the expression of the antigen recognized by 14G8
(i.e., IgM cells). The minor population of 14G8+IgM - cells with "immature" B cells, it Is difficult to explain the lack of
may be accounted for by: 1) cells with high background fluo- expression of this antigenic de'erminant on most if not all bone
rescence that are artifactually scored as 14G8 cells even marrow B cells. With present:1 available information, we could
though they lack the antigen recognized by 14G8; 2) norma- not decisively associate B cels from srious tissues expressing
blasts, since 14G8 reacts with mature erythrocytes and might or lacking the antigen recognized by 14G8 with discrete stages
react with normoblasts, the precursors of the erythrocytes; 3) of B lymphocyte differentiation.
macrophages, since peritoneal macrophages express the an- The key to understanding the relationship between the 2
tigen recognized by 14G8. Nevertheless, the vast majority subpopulations of B cells de'ned by 14G8 relies on the avail-
(>90%) of spleen cells expressing the antigenic determinant ability of large numbers of punfied 14G8+ and 14G8- B cells.
recognized by 14G8 are B cells and among surface IgM- cells We have recently been able to obtain preparations of large
(including T cells and null cells), there are very few (<2%) that numbers of B cells enriched or depleted for cells expressing
are recognizable by 14GB. the antigen recognized by 14G8 using petri plates sensitized

Because 14GB reacts with a subpopulation of B cells in with 14G8. Results using plate-fractionated cells showed that
normal mice and because mice carrying the xid-determined they are very similar to FACS-sorted cells, as measured by
immune defect are believed to be deficient In a subpopulation proliferative responses to LPS as well as to anti-p. Studies
of B cells (1, 2), we examined the percentage of cells express- aimed at dissecting the relatonship between the 2 subpopu-
ing the antigen recognized by 14GB In an xid hemizygous lations of B cells defined by 14GB, their functional properties.
mouse, the CDF male. Even though phenotypically normal as well as their roles in B lym;hocyte differentiation are now in
DCF, d mice have a higher percentage of B cells among their progress.
spleen cells than do the defective CDF, d mice (63 vs 43%), a
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