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I, INTRODUCTION

Antibodies directed asgainst rolumorrhic determinants on mouse T cells and
T cell subsets have been used as the rrimary tools in studies of murine T cell
differentiaton and function, For examrlesy antibodies to the Lut-1, Lut-2,
Lyt-3y and Thu-1 antidens zllouwed thé seraration of T cell subsets with
disfinct furction (Cantor and Bowser 1977) and the understanding of the
helrer/inducer T cells versus the cutotoxic/surpressor T cells as serarate
lineades emerding from the thwmus (Scollss et al.» 1978), Furthers each of
rthese suyrface markers underdoes charaéteriétic changdes in éurface dansity
exPression-as T cells mature in the thumus (Ledbetter et 3l,y 1980),
reflecting specific ratterns of control of these gene products during

gifferentiation,

In mans the helrer/inducer and the cstntnxic/suppréssor subpopulétions of
T cells also have been distinguished s serarate linesges by their selective
expression of surface sntidens (Evans et al.y 1977§ Evans et al.y 1978),
Henoclonal antibodies to these T cell sntidens have been rrerared in several
laboratories (McHicheel et 8l.s 19793 Evans et 8l.» 19807 Reinherz znd
Sehlossmany 1980) and used in immunofluorescence and biochemicél exreriments
to characterize human T cell differentiston. The specificities of the
monoclonal anti-mouse and anti-human T cell antibodies used in our studies are

sumparized in Tshle 1.

in our recent comparative studies of human and mouse T cell
differentiation we rresented evidence that some of the cell surface

dlecorrotein antidens that distinguish 7 cell subsets in both srecies are




nomolods {(Ledbetter et al.y 1981), The zerarent evolutionary conservation of
syrface molecules in the two srecies means that these antidens probably rlay 3
valusble role in cellular function. Futhers the conserved surfasce molecules

nust have develored in an evolutionary ancester common to both mouse and man.

In this rerort we review znd extend the evidence that the hﬁman Leu-1y
Leu-2a and Leu-2b antidens are homolosgs of the mouse Lut-1, Lut-2 and Lut-3
antidens, resrectivelw, Studies rresented here indicate that the molecules
varrying the human Leu antidens aepr ximate the size and subunit comrosition
of the corresronding molecules carrving the mouse Lut antidens., Horeover:
pach of these structurally homologous antiden sustems has similar
sensitivities to rroteases and show similar guantitative chandes in surface

density exsression during differentiation in the thumus.




IT. MATERIALS AND METHODS

Source of lemehoid cells, Mouse thumus or lumeh node cells were from

8-10 week BALR/cNHz females., Human rerirhersl blood cells were from
volunteers in the Medical Center 23t Stanford Universitu, Human thumnuses were
from children underdoind cerdisc surderyy kindly eprovided by Ir. K. Rouses

Stanford University.,

Honoclonal antibodies, The mouse (RALR/c) anti-human T cell monoclonal

antibodies produced by Evans et zl. (1980) were obtsined from Becton‘nickinson
FACS Suystems» Monoclonzl Antibody Centery Sunnyvales California, The rat
anti-mouse T cell monoclonal antibodies rroduced bw Ledbetter and Herzenbers
(1979) were rurified from hubridoms culture surernztes ss rreviously described
{Ledbhatter et al.r 1980), The antibodies used in these studies are described

in Table I.

Immunofluorescence of cell susrensions,  Direct immunofluorescence

staining of mouse lumrhoid cells with rat monoclonzl antibodies and human
lemrhoid cells with mouse monoclonal antibodies was rerformed using
fluérescein~condu§ated monoclonal aﬁtibodieé. Fluorescein conJuSatiuné were
with fluorescein isothiccusnate sccording to Godindg (1976), For staining
mouse or human cellss readents were centrifuged for 20 min st 100,000 x 4«
~before user and 1076 target lumrhoid cells rer well in microtiter eplates were
rezoted with saturation levels of antibody, Cells were stained on ice in the
sreagence of 0.17% NaN3_as rreviously described (Herrenberd and Herzenberds

19782,




fuantitative fluorescence messurements were made on 3 modified
fluorescence-zctivated cell sorter (FACS) (Recton Dickinson FACS Sustems
Mountain Views Californias) fitted with 3 logarithmic amelifier that showed the
?luorescence intensity distribution over 2 1-1074 rande. The deometric mean
fluorescence of rarticular cell rorulations was calculated, After calibration
of the FACS sustem with free fluoreséein {by Dr. D, R, Pafks of this lab)s the
mean fluorescence rer cell obtained by direct staining with

fluorescein-conJdugated purified moncclonal antibodies was converted to

fluprescein eauivalents (FE) rer cell, In this waw mean numbers of antibodu

molecules hound to rositive cells in thumus: seleens and lumrh node were
determined by the following calculation?! Lmean FE {pogitive cells) - mean FE

(unstained cells)1/fluoresceintrrotein (F/F) ratio of Purifiéd ahtibdds.

Cell surface lsbeling and deterdent extraction. Human or mouse

thgmacstesnor lumrh node cells were labeled with-125~1 by a modification of
the 1act0?eroxidase‘techniaue. To 1 % 1078 cells in 1 ml rhosrhate buffered
saline (PBS) 3t 200C were added 1.0 mCi 1251 (Amersham Corr.r Arlington
Yeightsy Illinois)s 25 ud lactoreroxidase (B 5rade; Calbiochem-Behring Corp.y
La Jollae Ca}ifornia) and successive 10 ul pulses of H202 (0.3 mMs 1 niy 3 miy

9 M) at five minute intervals. Cells were washed tuice in FES and extracted

in lusis buffer (0.5% Nonidet-P40, Particle Data Laboratoriess Ltdsy Elmhursts

11linoiss S0 wM Triss 150 mM NaCls 0.,02% NaNg3i 5 mM
ethulenedismine-tetrascetic acidi 50 mM rhenslmethulsulfonsl fluorided 0.2
trupsin inhibiting units (TIU)/ml Arrotinins Sisﬁa Chemical Co.» 5t Louiss
Missourii 1 ud/ml rerstatin A (Sigma Chemical Co.)3 and 50 mH iodoacetamidey
#H 8.0) for 30 min at 400. Nuclei were removed bu centrifudation at 5,000 x é
for 20 min. Human thumocutes or rerirheral blood lumrhocstes (isolsted on |

Ficoll~Faaue) were similarly lsteled with 1251 and lactoreroxidase in balanced




531t solution,

Immunorreciritetion and gel electrorhoresis. Immunorreciritations were
with "5 ud antibody rer extract from 2 X 1077 cells, After a2 1 h incubation
on ices antigen-antibods complexes were collectd by the addition of 10 ul of
10% fixed starh A-Cowan I strain (Tufts New England Enzume Center; BRostons
Massachusetts)., For the rat éntibodies that do not bhind to rprotein A
directlys the stzrh A was rrecoated uith‘affinits-Purifieﬁ mouse (SJL/J)
anti-rat Ig and washed tuice befaore additioﬁ to the cell extract, Similarlu,
for the mouse sntibodies that do not bind to =rotein A directlys the starh @
wes rrecoated with affinity-rurified rabbit anti-mouse Ig, After 45 min on
icey the staerh A-antibody-zntigen comelexes were washed 3 times in washing
buffer (0,57 NP-~40, 0,45 M NaCl, S50 mM Trisy 5 mM KIy 0.02% NaN3s» »H 8.3) and
then extracted with samele buffer for del electrorhoresis. Immunorreciritates
were snaluzed bz 10%Z S8DS roluscrzleride one-dimensonal BEiS {(Laemmli» 1970},
Molecular weight markers (Pharmscia Fine Chemicalsy Piscatauways New Jesed) run
an each gel were visuzlized by staining with Coomassie brilliant blue {Bio-Rad
Laboratoriess Richmonds Califernia). Autoradicgrarhy was with intensifying
sereens (Cronex.lishtning elus screensy DuPonty Wilmingtons Delaware) using

Kodsk X-Omzt R film st -70 %,

Two-dimensional gels with 2 momeauilibrium charge seraration using 3 421‘
ratio of #H 3.5-10 and rH 7-2 amrlolines (LKE Instruments Inc.r Rockvilles
Mzruland) inm the first dimension and 2 size seraration on 107 SIS

roluacrulamide dels in the second dimension were rum as rreviously described

{B’Farrell et 2l.» 1977,
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IIT. RESULTS

A, Lut-1 and Leu-1 molecules aprear to be evolutionary homolods
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Both Leu-1 and Lst-i antigens incresse in densitg during T cell
differentiztion, We used monoclonal sntibodies directly condusated with
fluorescein and immunofluorescence with 2 FACS to examine the auantitastive
levels of antiden on thumoctues znd rerirheral T cells in mouse and ﬁan. Fidg.
1 shows the comeavison of mouse Luyt-1 verusus human Leu-1 antidens. In each
sreciess the sntigen detected is exeressed on 2ll thumocwtes in & bimodal
fashion, Arrroximately 20-30% of thumocutfes have a four tc six-fold higher
sntiden density. Our studies in the mouse using cortisone to derlete the
cortical thumocutes have shown that the brighter Lut-1 beasring cells are
deriﬁed from the médullars (cortisone-resistent) rorulation, Similar
experiments using human thumocutes from 3 eatient underdoing cortisone
treatment showed that the medullary (cortisone-resistent) rorulation is
comrosed of the brishter Leu-1 bearing cells (Ledhetters Frankel and
Herrenberds unpublished), In both sereciess rperirheral T cells show thé higher
antiden densitu characteristic ofvmedullaru thumocutes (Fid, 1), Thus the
Lut-1 antigen in mouse and the Leu-1 antiden in manuare exrressed on all
thumoctues and incresse in antigen density as thumoctues mature from the

cortical to the medullary and rerirheral T cell rorulations.

The Leu-1 and Lut-1 antidens sre found on essentizlly 311 rerirheral T
cells, Howevery the tuo lineazdes of mature T cells (helrer/inducer and
cutotoxic{suppressor) exhibit distinctivelw different levels of membrane

antigen, The helrer/inducer cells in both srecies have higher Leu-1 or Lut-1
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antigen levels than the cutotoxic/surpressor cells (Ledbetter et al.y 1981). 1
mouses cutotoxic derletion studies originally indicated that the
cutotoric/surrressor T cells ware Lut-1 nedative (Cantor and Bouses 1973). Ue
used monoclonal antibodies and sensitive imnmunofluorescence technigues to show
“that CBtBéDﬁiC/SUPPPEéSOP rells héve>10w levéls of Lst-i and are often

diffieult to kill with anti-Luyt-1 and complement'(Ledbetter et a3lsy 1780).,

The Lut-1 and Leu-1 antidens show similarities on DS
roluacrulamide dels after surface 125~I—labeling of thumocutes and
immunorreciritetion with monoclonzl antibodies (Fig, 2). Roth antidens are
arrroximateluw 675000 Mr when run under either reducing or non-reducing gel
conditionsy indicating that the two antidens are carried on sindgle rolyrertide

chains of very similar size (Fid, 3).

Leu-1 and Let-1 are found on some R cell leukemias, Althoush Leu=1 is
found exclusivelwy on T cells in normal individualss B cell (Idg4) chronic
lumphocutic leukemiss (CLLs) frecuentls exrress this antiden (Wang et al..
1980), In the mousey Lut-1 is found on T cells and has londg been thousht to
be 2 specific marker of T cells, Howevers we recently found Lut-14»Thu-1-
cells in B cell areas of lumeh node 2nd seleen (Ledbetter et sl.y 1980), Lut-1
also is exrpressed bu some murine B cell leukemias (Lanier et ales 1981). . Thus
fars the Leu-1 and Let-1 antidens 2re unigue in their exprssion on malidnant 3
cellst none of the pther characteristic T ceil markers (The-1 and Luyt-2 in
mouse znd Leu-2y Leu-3y Leu-4 and Leu-5 in man) have been detected on these

Ig+ leukemias.

Leu-1 2nd Lyt~ show similar sensitivities to eroteases, The structural

relationshirs of surface molecules can be studied be didestion of viable cells
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with specific rroteases followed by messurement of remaining antiden with
morioclonal antibodies and auantitative immunofluorescence, The comrarison of
rrotesse sensitivitz for Lew-1 and Lwt-1 is shown in Table III. Both antidens
are cleaved by trursin and rronase when the enzumes are present in hidh

levels, In comrarison to other f cell antiéens: lLeu-1 and Let-1 ére more .
resistent to digéstiun. At enzsﬁeAlevels that effectively remove Lut-2y

Lut-3y Leu-2as and Leu-2by the Leu-1 and Lut-1 antidens are only slightly
reduyced (Table III). This rrobable mezns that Leu-1 and Lut-1 .are less

accessible to protesses on the cell membrane than most other surface eroteins.

B, Lut-2sLut-3 and Leu-2z: Leu-2b molecules arpear to be evolutionary
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The mouse Lut-2 and Lut-3 antidens and the human Leu-2a and Leu-2b
antidens are selective markers of the cuiotoxic/surpressor lineade of mature T
pells, In both sereciesy these antidens are found on essentially 311 immature
(cortical) thumocutess but are found on onls 30-50% of medullars
(cortisone-resistent) thumocutes and 30-50% of rerirheral T cells. Tﬁe
fluorescence (FACS) distributicn ratterns of the human snd mouse antigens are
vers similar (Fig, 1), In the mouse, the Lut-2 and Lut-3 antigen densities of
thumocwtes and rerirheral T cells are almost eaualsy whereas the human Leu-23
snd Leu-?b antidens are exzressed in higher densitw on rerirherzl T cells
then on immature thumocutes (Tsble I,

There are structural similarities in the human and mouse moleculess since
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both are comrosed of at least two nonidentical subunits (Fig, 2) that are
associated‘throush disulfide bonds into a variety of multimeric combinations
(Ledbetter et ales 1981), In the mouser we know more detsils of the
Lut-2sLyt-3 molecular structure, The Lut-2 antidens are found on subunits of
18,000 and 34,000 Wr whereas the Lut-3 antigens afe found on s subunit of
30,000 Mr (Fig, 4), These three subunits are‘asgqciated in nDn—réndom

combinstions to form dimerss tetramers and hexamers (Ledbetter et al.s 1981).

The Leu-2asLeu-2b and Lut-2,Lut-3 aniiggns chow similar sensitivities to
protesse didestion from visble cells (Table 1II), Truesin cleaves the Leu-2b
antigen faster than the Leu-2a antiden, even thoudh both are suscertible to
 truesin digestion, Similarlyy the Lut-3 antiden is more sensitive to truesin
digestion than thé Lut-? antigen. In both cases: the differential sensitivity
to tfspsin reflects didestion 2t srdinine residuess since the
ardinine-srecific enzumer clostridi;m rroteases produces the same differential
‘cleavaae of Ley-23 versus Leu-2b and Lut-2 versus Lut-3 (Table III)., Other
proteases such as chumotrursin and rronase effectively cleave the human and
mouse anbidens and do not show 3 differentisl rate of cleavage for the
serzrate determinants on each molecule (e.d.r Leu-22 and Leu-2by or Lyt-2 and
Lut-3} see Table III)., These dats suggest that the human and mouse molecules
bearing these antidens have conserved some protease digestion sites and are

hoth secesible on the cell membrane bo clesvade with 8 variets of proteases. -
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IV, DISCUSSION

e recentle srorosed homolodies between human and mouse T cell aﬁtisens
(Ledbetter et 31,y 1981), Our evidence on homolodgies derives from comparing
the mouse and human antidens by determination of their density distributions
on thumocutes and T cells and T cell subsets by FACS analusiss their size and
subunit compositionss their functionsal activiis and their sensitivites to
cleavade by eroteolutic enzumes., This evidence strongly surrorts the ides tha
the Leu~1 and Leu-2a:Leu-2b molecules zre the human homolods of the mouse
Lut-1 and Lut-2sLut~-3 molecules, Definitive rroof of these homolodies will
reguire comrarative amino ascid seauencing of the rpurified antidens or

nucleotide seguencing of the denes. E

The conservatinﬁ af the molecular structure and subrorulation denstiu
distributions for the Leu and Lut antigens suddZests that these molecules
rerform essential functions for the cells on which thew are found, There is
as uwet no information on a rotentisl function for Lut-1 or Leu-1. For
Lyt-2yLut-3 and Leu-22» Leu-2by howevers monoclonal antibods‘blockins studies
suddest that these molecules sre involved in antiden recodnition by cutotouic
\‘effector cells (Nakagamé et al.y 1979F Shinohara and Sachs, 1979), The Qlose
linkage of the Lst*2>and Lut-3 genes to the k chain redion on chromosome 4
(Gottlieks 19745 Gibsen et al.r 1976) suddests that Vk dene rroducts maw have
s functional sssocistion with the Lut-2,Lut-3 melecule, If the Leu-2a and
Leu-2h senes are found to be linked to k in man» the linkade masg be
evolutionarily msintained to rermit functional interaction between these

4enes.

The Leu-1 antidn is umicue among human T lsmehocste antiZens thus far
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detected by monoclonal antibodiesvsince it is found on B cell (Ig+) leukemias
from most eatients with CLL bu£ has not vet been found on ang normal B cells
(Wang et al.s 1980), Althousgh it is rossible that Leu-1 is induced on CLL
rells 23 a conseauence of leukemodenesis» the rresence of this antigen on 3
small subrorulation afrnormal E cells cennot be excluded., The mouse Lut-1
antigen is similar to Leu-1 in its exeression on K cell leukemias» since Lut-1
is found in high levels on some Is+ leukemias (Lanier et al., 1981}, In each
swaciess the molecular form of the antigen on B cell leukemias is very similar

or identical to the molecular form found on normsl T cells.

Ferhars the strondest evidence that the Leu-2asleu-2b molecule is the
human homolod of the mouse Lut-2sLut-3 molecule is that in both srecies,
cutotoxic effector cells are blocked by antibodies to Leu-2s3 and Leu-2b (human
(Evans et 3l.s 1931) or Luet-2 and Lut-7 (mouse) (Nakauams et al.s 1979). The
functional étudiea in the mouse so far sugsest that the Lst-2,Lut-3 molecule
is involved in the recodnition rhase of T cell killing, Lut-2,Lut-3 nedative
varisnts of a cutotoxic T cell line lose the ability to bind to target cells,
but can still kill when they are artificially linked to their tardets
(Pielunas et al,» 19B1). Other studies have shown that anti-Lut-2 and

anti-Lut-3 block stimulation in mixed lumrhocute cultures (MLC) (Hollander et

~ales 19800, The Lut-2sLut-3 molecule may be identical to or closely

associated with en antisen recertor of cstotoxic T cells. Further structural

ctuydies of the human and mouse moleules will helr reveal how theuw work,

There are eractical adventsdes in identifuing homolodous surface antidens
hetween man end mouse. The rotentiz) direct aeprlication of anti-lumrhocute
monoeclonal antibodies in the treatment of human leukemias and other diseases

of the immune sustens and to achieve immunosurpressions will benefit from the
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ronvenient nouse model, That iss the effects of indecting monoclonal
antibpdies diractly into ratients on the normal immune ssstém and on leukemis
snd autoimmunity will be aided by similar studies of the homologous antiden
custems in the mouse, The g0zl of understanding the function of the antisgens
will be aided £3 compafative structural studies of the molecules and their

denes in both srecies,
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TARLE I
Monoclonal Antibody
93~7.3 Rat 1462z Lut-1 Ledbetter a2nd Herzenberds
1979
53-6.7 Rat 14623 © Lut-2 .
53-5 Rat 1461 Lut-3,2  Ledbetter et al,» 1980
SK7 Mouse 14623 Leu-1 Wang et al., 1980
17F12 House 14623 Leu-1 '_ Ensleman et a3l 1981_
5K1 House Ig4G1 Leu-23 Evans et al,» 1981

SK2 Mouse 14623 Leuy—-2h .




TABLE 11

QUANTITATIVE CELLULAR EXPRESSION AND DENSITY OF HUMAN AND MOUSE
T CELL ANTIGENS BY FACS ANALYSIS*

Thymus Lymph Node (mouse)
or PBL (human)

Positive Antigen+

Positive Antigen

Antibody . Cells Density+ Cells Density
(%) (%)

Anti-Lyt-2 90 5.7 24 5.6

Anti-Lyt-3 89 6.0 22 5.8

Anti-Lyt-1 >35 1.5 72 4.2

Anti-Leu-2a 84 3.4 29 12.5

Anti-Leu-2b 83 2.8 28 12.5

Anti-Leu-1 >95 . L5 78 5.1

*BALB/cNHz mouse cells and human cells were stained with
directly fluorescein-conjugated antibodies and analyzed
on a FACS-II.

1'Antigen densities of positive cells are expressed ag mean
number of antibody molecules bound per cell (x 107),
calculated as described in Materials and Methods.
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TABLE III

. ‘ ’ *
SENSITIVITY OF Leu AND Lyt ANTIGENS TC PROTEOLYSIS FROM VIABLE CELLS -

Antigen Density (% of maximum)§

Enzyme (ug)+ Leu-1 lLeu-2a Leu-2b Lyt-1 Lyt-2 Lyt-3
— 100 100 100 100 100 100
Trypsin
5 100 97 39 100 72 5
25 93 43 0 96 43 _
100 82 9.5 0 88 17 0
Chymotrypsin
10 85 68 60 100 34 35
25 80 43 - 35 100 7.5 16
Pronase
10 97 24 36 96 9 12
25 92 15 27 90 0 0
Clostridium
protease
400 99 84 42 97 70 38

*
Antigens were detected by immunofluorescence staining and analyzed on a
FACS-11.

1-2 X 107 cells were treated with the indicated enzyme for 10 min in
0.5 ml PBS at 37°C.

§ Mean fluorescence 1ntens1ty of positive cells was measured and percentage
of antigen remaining was calculated by:

(mean intensity after enzyme treatment) -- {backaround) o
X 100

(maximum intensity) - (background)
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LEGENDS TO THE FIGURES

s g o e ot e e o T " Tt oo o e o

Figure 1. Immunofluorescence comrarison of human Leu-l anﬁ Leu-2a antidens
with mouse Lut-1 and Lut-2 antidens on thymocutes and lumeh node cells
{mouse) or rerirheral blood lumrhocutes (PBL) (human). Cells were stained
with directly fluroescein-conJjugated antibodies and snaluzed on 3 modified .
FACS-1I., 1In each eanely sutofluorescence of unstained cells is shoun by 3
dotted line. The fluorescence distributions are diselaved on 3 log(1Q)

seale,

Figure 2, Comearison of human Leu-1 and Leu-2a with mouse Lut-1 and Lut-2
molecules immunopreciritated from deterdent extracts of 1251
lactoreroxidase-labeled thsmocstesfand electraorhoresed on 10% SDS»
‘roluscrulanide dels under reducing conditions. Immunorreciritations
were with (1) anti-Leu-1% (2) anti-Leu-23i (3) anti-lut-1j

{4) anti-Lut-2,

Figure 3, Comrarison of mouse and human Lut-isLeu-1 and Lut-2sLeu-2a
molecules. Mouse antidens were immunorreciritated from 125 1.-13beled
BALB/cNHz thumocutes and humsn antidnes were immunn?repipitated from
125-I-1sbeled human thumocutes. Isolated antigens were analuzed on 10Z SDS
polyacrulamide dels run under either reducing or non-reducing conditions,
Immunorreciritations were with (1) anti-Lut-17 (2) asnti-Leu-1§ (3)
anti-Lut-23 (4) anti~-lLeu-2a# (5) backdround (starh A 2lone) from mouse

thumocstes; and (&) backdground (starh A slone) from human thumocutes,

Fisure 4, Two-dimensional del electrorhoresis of the Lut-2,3 macromolecule}
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A deterdent lusate from BALE/cNHz surface—;zs-I-labeled thumocutes was
immunopreciritated with anti-Lut-2, The first dimension was 8 charde
seraration with the scidic side on the right and the basic side on the left.
The second dimensionr from tor to bottoar wes 3 10X SDS-%oIsacr&lamida.slab
gel. (A) ron-reducing gel conditionsi (R) reducing del

conditions.
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