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A BIT OF HISTORY

CD5, ociginally called Ly-1 and for a time called Lyt-1, was first recognized as a
mrﬁcemﬁpnmaﬁmcﬁondwofmnﬁneTodbthnmﬂywm
the CD4 (helper) T-cell subset. An extensive serics of studies, starting with some in
which we participated,'? showed that helper T cells were selectively depleted by cyto-
toxic treatment with conventional sntisera absorbed to be specific for Ly-1. Much of the
work that initially distinguished the helper/inducer T-cell subset from the suppressor/
cytotoxic subset was based on sclective depletion studies using these highly absorbed
conventional cytotoxic antibodies. Nevertheless, once we were able to produce a mono-
clonal antibody reagent that detected Ly-1 and could be used both in FACS and in
dopletion studics, we realized that Ly-1 was actually expeessed on all T cells, rather
than just o the helper subset. Furthermore, in collaboration with Lanier and his
%w@waﬂﬁg&im-@cﬂlnﬁpmmay&dmmbﬂ
tumors. ‘

At sbout this time, Kyoko Hayakawa and Randy (Richard) Hardy arrived at
wmmwmm.mamnwum
mhmmdmmmmmumw
qmﬁcM-Lrlm&emwmthMinwm.
Wmmmmmuw.m.uaaumm
forces with Hardy and make the search for B cells that express Ly-1 part of an overall
analysis of B-cell heterogencity in normal sad immunologically compromised mice.
These B-cell studies,*” conducted with the prototype dual-laser FACS instroment built
by David Parks aad the engincers in our FACS development group, provided the first
demonstration of the power of multiparameter FACS analysis. In effect, they defined
and partially characterized most of the currently known B-cell i

Actually, Chused and colleagues-published the first (refereed) demonstration of
Ly-1 expeession on aormal murine B celis® The Hayakawa and Hardy studics, pre-
sented initially at a New York Academy of Science mecting (1982)* and published
shortly thereafier, *4* provided & more extensive charactesization of the surface markers
on the “Ly-1 B” cells' and, more importantly, implicated these cells in sutoimmune
mmmwmmmwmmmw
(personal communication) that a large number of Ly-1 B cclls might be found in the
murine pesitoneal cavity, because cells producing autoantibodies, such as those we

1




2 ANNALS NEW YORK ACADEMY OF SCIENCES HERZENBERG o ¢l: LAYERED EVOLUTION

-

showed were produced by Ly-1-bearing B cells (eg. to bromelain-treated mouse Mmofhwﬁmmdiﬁmndhrdhmwedhmnm
erythrocytes), had been shown to inhabit this locale. The production of these antibodics Wml!le"ngdfﬂneﬁqmoflheimmmmnnmn. .
connected the Ly-1 B cells to Haughton's work with the CH series of murine B-cell Qur cartier studics subdivided murine B cells into two distinct lineages: conventional
tumors, many of which express Ly-1 and some of which produce autoantibodies to B&Mmm”mdﬁeﬂﬂhmmmmpbm
bromelain-treated mouse froen tedby ;-dcdz-}at:(mmzyauLy-l&msnan;)Mmamn&mam
These findings, together with cell transfer and repertoire studies groups in the spleen but sbundant in pel’itmullndplnnl)miﬁu.‘weon‘m' Ity
Jthm(Ahhm)MKhuRMy(Cobm)W&efwMof MMW%NMMMMPA@WMW
the Ly-1 B story. Hardy and Hayakawa, who left our laboratory in 1985, continued to mwmm.me.hhmwmmm
make outstanding findings in this ares, first in T. Kishimoto's laborstory in Japen and WMB&mmaMmmofwm
now in their own laboratory at the Fox Chase Cancer Center in Philadelphia. Alan lemwmwmdmum.nnmmm ‘
Stall, Paul Lalor, Frans Kroese, Tom Kipps, and Sharoa Adams from our laboratory mmwMemlymubymmm.commn
also made major contributions to the carly work. Studies by Irmgard Forster, Don dhbmwhmmwm«mﬁmmm
HMGWJm,MMMLMM(AT.)S&mm “Mum@wwwm&pﬁmnmuu
neth Ault, and many others similarly deserve mention; however, a detailed review of Mwmwwﬂ-lu&uﬂmﬁoﬂheﬂhm&m
the contributions made by these (and other) groups will have 10 swait a more serious mmmmmmammmnm
aoeountofLy-lhutotythnlammﬂm;tomanpthue.Suleeitmony.nm;hd Later cell-transfer Wthhymbylhowm‘thtn-l
thntthuenﬂyworkopenedapmdwuvemofmmehthtdmwumh«hthe eelhhohﬂed.dtherﬁnm &epaiwmorthelpleenofadnluormm
first meeting dedicated to Ly-1 B-cell studies. ﬂwbmpunmndm Ig-negative bone mar-
Medb,wlndludlly. freconstitute conventional Beella,lecomtme!l-hwllsvery
GES poorly. ."'”lnlddnﬁon,xumeylndoollagua"!handﬂmfehlomuwdkldec-
B-CELL LINEA! tively reconstitute B-1 cells in scid recipients.
e ahe carly work on Ly.1 B ocll led to the recogaition of physically and FEEDBACK REGULATION OF B-1 CELL DEVELOPMENT

functionally distinct B-cell subpopulations/lineages that develop at different times
duﬁn.mwgmy.mm,mmdmmhulm.hammmuﬂ.w

mldiaofhmnndmimallymphocylebiologinlwidenﬁuyofhbonm mmmp-mmmummwmmm.m.

mmmmm(ummumhmmwd)hndmem iqwﬁchfoﬂowﬁmmadyaﬂﬁypewm"vemednﬁbodu‘ to
fmmihwmﬁmmedmmnﬁm&uttelmhmdmw Wlﬂaymbdqhencemﬁmlmmp-mmmm
(la.CDSBcdh,muﬂedB-lcdk’)ofuaMﬂyud‘ulmoddforiﬂvsﬁpmp uwumdwnu&ume&hmmam
thmﬁaﬂmd&hmbeﬁhﬂﬂhww mhmmnmmmnmmwmm
Mm)nl'mmamdmmmmmmuuﬂym'ﬂr Wmmm.ﬂemd&lcdkiw
m(mmauh)mwwmnlnmmmm-m . wﬂmmmmmmuhmm
mtdmahwhmumdimitymmh qundmmmdilamhﬁedﬂmﬂmdllndmm
Wamufmmmnmm.dmmw@- tional B cells, g
am.mm)mhmhmwummmm mmmmmmuumaaw
mduinwhieh&uelinquwdnm;onto_.my: . ’ mu*m&mdwnlu&hmmmu
Wemmmymmmmdmmfuw umulmmwmmmwmm
devdopmentofﬂnmﬂimmmemheﬁet.whdiqpkdmtowpﬂ Bc&.muﬁ.mm’mﬁmmmd&emu
thmm&m"h’nwﬂmy.m«dl_w wmmn«mnmmmmhmmw
immmmhvhkhmh:ﬂydevmmopmmwllwmb mmmamwmmmmmmw

viththemmﬁbodydepletu' alchdhndlllow, m_‘ afbeit not complete,

'mmu&muvmmasam)mucmnmm Themovuyofdnedqimn-lun-hmmywmamhmym
mm@:mmwm%dmnw hnmuwyaumllcdhmwbymmof
mvuﬁadheeﬂgwhnhm&mnydlcdh-&eﬂlynﬂddm-d (MW)MLIO*CWM@B-! . for
almmmmmmmuﬁuw,wl(amnmm hmmm-_ﬁm.ww“ ors. In th vy tumors—models
w&mh&vﬁdﬂ&lad&wﬁm@in@mhmﬁmﬁyd&h—l } (allotype chimeras), as in . ”MM. 'MYPG llﬂemznom
BmhwmwllbcﬂMmlﬁhhwmwlhodbm : B-1 cells ot the .Mmm‘lmm mm/md‘
do not express CDS. (These latter cells have been previously referred 10 as the Ly-1 B-cell “sister” , m‘b time the trestment antibody dissppears permanently
population). For a more complete description of this notation change, plcase see the article by ‘ blocks mdhwllcﬂhnmﬂnmmmmmm

Kantor ef al in this volume. i eonmﬁomchelhﬁmcﬁmnmaﬂythmu;houtﬁfeinthepluenceorabeneeof
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lluhm.hmmmmw&ldhmwMMn
critical number of B-1 cells develop or are introduced into the animal.

mtypeofdevdomﬁeﬁadneahﬂninoddl'iﬁthm

ing of mammalian B-cell ; however, it is well-knowa for aviaa

virtually
wuwwwm.wammuumn
.Minmmllc&wbhmﬁ-ﬁnﬁnﬁem
tional murine B cells.

@Mmdnﬁ&lcﬁ.-ﬂ“hmy“dﬂqw-&-ﬂ
-ﬁ-hum(&m“mmx—h&ue&&dym&
dates for B-1 homology. g s

A THIRD B-CELL LINEAGE

mnlodhmumhm-mwmmmm-u
ofthepopuﬁuoﬁhen-lcdbfondhmnl(mmm.m
mllcdhhmﬂuﬁnﬁmmm(u-l)muw-dawy
to distinguish B-1 cells, relatively few of the B-1 cells that recover in the treated snimals
express this marker.'¢!” We were already sware that B-1 populations i certain mouse
mudedlobemwhtnﬁehdﬁx&aea”_‘lcdb;m.ndy
m«mmmmmumnwumm
nance in the B-1 population that recovers in the anti-j-trested snimals.

wuu%nwuw‘mmrm

limits,

i My.‘w&hiwwwdmwm

in the reconstituted recipicnts, suggested that B-1 cells might be subdivided into two
u“m.mmmwmnm&a»-m
ﬁu%rllﬁ«eeﬁ”-dm&--.“d&emu-lu(ll
cell) population watil recent dats from progesitor studics defined them as a distinct

&mm&mhbmdMlh&uMd
mnﬁml&lu(@s* Ly-1 B) cells, and B-1b (CD3~ Ly-1
B “vister”)

THE LAYERED IMMUNE SYSTEM: AN EVOLUTIONARY MODEL

Mnmwywt'mwwmammwmu A
&WM%MWJMWW«.ME
mmwwmwm-mmm&mm
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hﬂaﬁumwmm"hnw-ﬁeﬁmdiﬁm uripotent
umummmwmnmrwmﬁ&:m 1.
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TABLE 1. Development of the B-1 Cell Repertoire*

Pups (<4 weeks) .
Progenitors rearrange and give rise to self-replenishing B-1 cells
B-1 repertoire potential is shaped
Adolescents (4-8 weeks)
Feedback blocks new B-1 cell
Maximal content of the B-1 repertoire is fixed

Adults (<8 weeks) :

*The fixation of the B-1 repertoire carly in ife makes it distinct from the convestions] B-cell
repertoire, which is continually replenished from newly arranging bone marrow cells.

capacity for seif-renewal and give rise to progeny that are committed to differentiate
into cells with particular fanctional characteristics.

concepts of the organization of the immune system. In essence, early sfudies identified
mmmdmhmmmmmmmw
and showed that all three types of cells are reconstituted in irradiated recipients by
transfers of either adult bone marrow or fetal fiver (e.g, ref. 27). These and relsted
studies led to the idea that these types of cells belong to three distinct lineages (myeloid,
lymphoid, and erythroid), but that these lineages derive from a single, pluripotent
progenitor (stem cell) that arises during embryonic life and persists as such into
adulthood, continually differentiating into self-renewing progenitors for each of the

Onrhypotheskholdnmthemmﬁnaoﬂhhwhwm
however, tec] ical improvements in the methods for distinguishing different types
of lymphoid cells now have shown that etic stem cells in the fetus give rise
to subtly, but nonetheless distinctly, different kinds of cells from the stem cells in the
adult. Thus we propose that the single stem cell proposed initially is actually a series

RAMIFICATIONS OF THE DIFFERENT B-LINEAGE
: DEVELOPMENTAL PATTERNS

The functional differences already defined for the B-cell lineages are consistent with
the evolutionary hypothesis. B-1 mechanisms provide for the ordered
development of key components of the B-1 antibody repertoire,” which is generated
and (initially) selected during the neonatal period.'!” The termination of B-1 develop-
ment from unrearranged progenitors early in life and the persistence of B-1 cells a3 &
selheplenilhingppuhﬁmthuenﬂumtbehng-ﬁummvivdoﬂhhnmhﬂy
configured B-1 repertoire (TABLE 1). : .

Analysis of the B-1 repertoire suggests that it consists of a relstively constant core
of antibodies whose functions are highly significant to survival. First-line defense
against invading pathogens appears to be one of these functions, becavse B-1 cells
respond very rapidly (frequently within 2 days of stimulstion) and produce antibodies
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that can react with a variety of bacterial and parasitic antigens. More esoteric roles for
these cells can also be envisioned, however. For example, autoantibodies produced by
B-1 cells could block or facilitate lymphocyte activation by various cytokines; or, such
mﬁbodiesmldblockorhdpmﬁgen—tﬁgguecheﬂm In addition, because
the B-1 Wimﬁﬂyamdmmimmmmitmida
a vehicle through which maternal antibodies can exert a long-term influence on
progeny-immune responses. Thus, as a whole, the B-1 repertoire is conservative in

. nature and Iacking in flexibility.

mmmmmmnmhmmmmm
m&mﬁmhﬁmwwmnhmmwm
nature of the antigens to which a given individual is exposed. These B cells are
generated de novo from progenitors in the bone marrow. In

wnﬁwdbmﬁowncdhwwhm,(nﬂywm
day 5) but qualitatively better, than responses produced by B-1 cells.
mmmmmmwmwm
mmmmmnmmmummuumm
mmmmwuﬂndmm(m)mmm
protection for reptiles, birds, and other relatively primitive species in which fetal
mbmmﬂ/«ﬂnmdmmmmma
m.mmmwmm(mmw-mwmm
mm«.mmmwymm.mmwmm
immune protection; that is, smafler numbers of individuals tend to be conceived and
borninuchspeda,mdthelengthofﬁmemﬁlnpmdwﬁvem!mitygmmﬂytmds
to be longer.
mmmhmmmmmmmmm
prinﬁﬁvenmhnismmdmpheingthunwithmthummuhptedtothe
life-style of the more advanced organisms. Comparative embryology suggests, however,
Mmmmmmwmmwmummm
mnthm.ﬂunbdknﬁlﬁdyﬂmevdnﬁmhumdmhmmsymh
higher animals in which the mechanisms that generate conventional B cells are layered
over those that self-replenishing B cells in more primitive species, and that
ﬂnB—ledhinhighaminuhwﬂumﬁoaofueﬁﬂpﬁmiﬁvefmcﬁm
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