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Abstract

Wehave found a human serum, E27, obtained from a multiply
transfused patient with systemic lupus erythematosus, which
immunoprecipitates the lymphocyte function associated antigen-
1 (LFA-1). The immunoprecipitated molecules were identified
as the LFA-1 alpha and beta chains by their comigration on
SDS-PAGE, two-dimensional SDS-PAGE, and by sequential
clearance experiments. Serum E27 did not immunoprecipitate
LFA-1 from autologous cells, though LFA-1 molecules were
present. In contrast, serum E27 immunoprecipitated LFA-1 from
most but not all normal donor lymphocytes. Thus, serum E27
defines two serological phenotypes of LFA-1. 95% of normal
individuals tested exhibited the LFA-1 phenotype precipitated
by serum E27. Serum E27 appears to be directed at determinants
of the LFA-1 a-chain and not the E-chain since it immunopre-
cipitated LFA-1 molecules but not the Mac-i molecules. Ad-
ditional evidence for the alpha chain specificity was provided by
immunoprecipitation of mouse-human heterohybridoma cells.
LFA-1 was immunoprecipitated by serum E27 from mouse-hu-
man heterohybridoma cells expressing the human a-chain, not
from a hybrid cell line expressing the human f-chain. Together
these findings demonstrate an antigenic polymorphism of the
human LFA-1 a-chain molecule.

Introduction

The lymphocyte function associated antigen-i (LFA-1)' mole-
cules are cell surface glycoproteins important in leukocyte adhe-
sion processes. They are heterodimers comprised of an a-poly-
peptide chain of 177,000 mol wt and a fl-polypeptide chain of
95,000 mol wt, noncovalently linked together (1). LFA- I is one
of a family of structurally similar molecules that also includes
p150,95, and Mac-I (the complement receptor CR3). Mac-I is
recognized by monoclonal antibodies (MAbs) Mac- 1, Mo1, and
OKM1, and is composed of a distinct a-chain of 165,000 mol
wt associated with a 95,000-mol wt (3-subunit. The LFA-I and
Mac- I ,-subunits are apparently identical as indicated by iden-
tical isoelectric focusing patterns (2) and identical peptide maps
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(3, 4). The LFA-1, Mac-I family also contains a third hetero-
dimer, p1 50,95 composed of a distinct 150,000 mol wt a-chain
linked with the common95,000-mol-wt (-chain. The members
of this family are all heterodimers sharing a common (-chain
complexed with a unique a-subunits distinguished by size, iso-
electric focusing point, and peptide patterns (2).

The LFA- 1 molecules are expressed on the surface of lym-
phocytes, thymocytes, monocytes, granulocytes, and bone mar-
row cells (5). The Mac-i molecules are present on human
monocytes, granulocytes, and natural killer cells, but are absent
(or minimally present) on lymphocytes. The p150,95 hetero-
dimer has been less well characterized but it appears to be rec-
ognized by the MAbLeu M5 and is present upon monocytes
and, in low density, on granulocytes and large granular lym-
phocytes.

Little structural variability of any of these molecules has
been described in man. Recently, a polymorphism of the CR3
complement receptor that binds C3bi has been reported (6). A
murine MAbwas found to immunoprecipitate CR3 from 14%
of individuals. That MAbdid not react with LFA- 1 and was
thought to react with an epitope on the Mac-I a-chain.

No structural variation of the human LFA- 1 molecules has
been previously reported. Wehave identified a human serum,
obtained from a patient with systemic lupus erythematosus who
had previously received multiple blood transfusions, that im-
munoprecipitates LFA-I from lymphocytes of most but not all
individuals. This serum appears to identify a phenotypic vari-
ation of the human LFA- 1 molecules.

Methods

Cells and lymphocyte preparations. Peripheral blood mononuclear cells
(PBMs) were obtained by Ficoll-Hypaque (Pharmacia Fine Chemicals,
Piscataway, NJ) density gradient centrifugation (7), pelleted, and washed
thrice with RPMI. These cells were either used directly or further pro-
cessed by passage through a nylon wool (NW) column (8) to yield NW
T-enriched cells (T cells) before iodination.

Mouse X human heterohybridoma cells expressing LFA-l hybrid
molecules have been previously described (9). Human PHAblasts, ob-
tained from the parent of a LFA-l Mac-l deficient patient and the murine
cell line BW5147 were fused and hybrids selected for the expression of
human a- or human (3-chains by flow cytometry. The MBXBW5+cells
retain the human chromosome 16 and express hybrid LFA- I molecules
composed of human a-subunits associated with mouse (3-subunits. The
MBXBW5-hybrids were derived from the MBXBW5'but have lost the
human chromosome 16 and no longer express the human LFA- 1 a-
chain. The MB#33 hybrids retain human chromosome 21 and express
hybrid LFA-l molecules composed of human (-chain with mouse a-
chains and the MB(3- cells were derived from the MB(33+ cells but have
lost the human chromosome 21 and no longer express the human (3-
chain (9).

Radiolabeling. Lymphocytes were surface iodinated with lactoper-
oxidase by a modification of the method of Baur et al. (10) as previously
described (11). To 5 X I07 cells in 500 ul PBSwere added 1 mCi Na'251I
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(New England Nuclear, North Billerica, MA) and 10 Ml lactoperoxidase
(Calbiochem-Behring Corp., San Diego, CA, grade, 100 IU/ml) and 25
Al of 0.03% H202. After 5 min 5 Al of lactoperoxidase and 10 !d of 0.03%
H202 were added and at 10 min 10 Ad of 0.03% H202 was added. After
15 min the reaction was stopped by the addition of cold RPMI, cells
centrifuged and washed six times with media. Viability was > 95%before
and after iodination as judged by trypan blue exclusion.

Antibodies. Serum E27 was obtained from a patient with systemic
lupus erythematosus (SLE). The serum was heat inactivated at 560C for
30 min, aliquoted, and frozen at -80'C until use. MAbTSI/22 and
MAbTSI/18 are LFA-l chain specific monoclonal antibodies previously
described (2, 12) that are directed at a-chain and (3-chain determinants,
respectively. The MAbOKM1, which recognizes an epitope on the Mac-
1 molecule, was purchased from Ortho Diagnostics (Raritan, NJ).

Extraction and immunoprecipitation. Surface iodinated cells were
usually incubated with serum or MAbprior to the solubilization of the
cell membrane with nonionic detergent. 50 Ml of serum or 1 Ml of MAb
ascites were incubated with intact cells for 30 min at 40C and the cells
washed once with media. Cells were then lysed with Tris-buffered saline
containing 0.5% NP40 and immunoprecipitated as previously described
(1 1). Briefly, lymphocytes were lysed by suspending cells in 0.15 MNaCl,
0.01 MTris pH 7.4, 0.5% NP-40 (TBS-NP-40) containing 0.05 mMN-
a-p-tosyl-L-lysine choromethyl ketone (TLCK, Sigma Chemical Co., St.
Louis, MO), 0.06 mML- I -tosylamide-2-ketone (TPCK, Sigma Chemical
Co.) and 0.2 mMphenylmethylsulfonylfluoride (PMSF, Sigma Chemical
Co.). After incubation for 30 min at 40C, cellular lysates were ultracen-
trifuged at 100,000 g for 30 min at 4VC and aliquots were precleared by
incubation with 100 Ml of 10%Sansorbin (Staphylococcus aureus lacking
protein A, Calbiochem-Behring Corp.) or 50 Ml of Sepharose 4B for 15
min followed by centrifugation (microfuge B, Beckman Instruments,
Inc., Palo Alto, CA) for 4 min. The immune complexes were collected
with 50 ,l of 10% S. aureus Cowan's strain I (SAC) (Calbiochem-Behring
Corp.), or with 10 Ml Sepharose-protein A, or with 10 Ml of affinity purified
rabbit anti-mouse kappa chain conjugated to Sepharose 4B (I mg/ml)
according to the manufacturer's instructions (Pharmacia Fine Chemicals),
pelleted and washed six times with TBS-NP-40.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE). Washed immunoprecipitates were eluted and denatured with
50 Ml 1% SDSand 5% 2-mercaptoethanol (2-ME) by heating at 100°C
for 1-2 min and analyzed by 8 or 10% Laemmli SDS-PAGE(13) along
with 14C molecular weight markers myosin (200,000 mol wt), phosphor-
ylase B (92,000 mol wt), bovine serum albumin (68,000 mol wt), oval-
bumin (45,000 mol wt), chymotrypsin (25,000 mol wt), beta-lactoglobulin
(18,400 mol wt), and cytochrome c (12,400 mol wt) (Bethesda Research
Laboratories, Gaithersburg, MD). Gels were fixed in 10% acetic acid,
109% 2-isopropyl alcohol then dried and autoradiographed with prefogged
XAR-5 film (Eastman Kodak, Rochester, NY) using an intensifying
screen (Cronex Lighting-Plus, Dupont, Wilmington, DE) for 1-7 d
at -800C.

O'Farrell two-dimensional gel electrophoresis (2D-PAGE). 2D-PAGE
was carried out after the method of O'Farrell (14) as previously described
(11). Samples were eluted from the SACor Sepharose immunoadsorbents
by incubation with 8 Murea, 5%2-ME for 60 min at 220C and applied
to prefocused 6%acrylamide tube gels with 10 mMphosphoric acid (pH
3.9) and 50 mMTris base (pH 9.9) electrode solutions, and focused for
10 h at 1,000 V. The gels were then equilibrated with SDS-PAGEdiluent
buffer and run on 8% SDS-PAGE in the second dimension and fixed
and processed as described above for one-dimensional SDS-PAGE.

Results

Serum E27 immunoprecipitates two polypeptides that co-elec-
trophoresed with the LFA-1 a- and j#-chains. In order to detect
lymphocyte surface molecules reactive with the lupus serum E27,
immunoprecipitation experiments were performed. NWpurified
T cells were isolated, and their cell surface proteins were iodinated
with lactoperoxidase and reacted with serum from lupus patient

E27. After detergent-solubilization, the iodinated surface mol-
ecules bound to antibody were immunoprecipitated and ana-
lyzed by SDS-PAGE(Fig. 1). Serum E27 immunoprecipitated
two iodinated cell surface molecules whose molecular weights
were estimated to be 175,000 and 95,000 (lane 5). In addition,
nonspecific bands of 80,000 and 50,000 mol wt are seen in the
serum E27 precipitate and also in negative control samples (lanes
I and 2). In some experiments serum E27 also precipitated chains
of 43,000 and 12,000 mol wt which comigrated with HLAchains
(data not shown). Because the two larger E27-immunoprecipi-
tated molecules had similar molecular weights to the subunits
of LFA- 1, their electrophoretic migration was compared with
that of immunoprecipitates produced by LFA-l specific mono-
clonal antibodies TS1/22 and TSI/18 (Fig. 1, lanes 3 and 4).
The 175,000-mol-wt band immunoprecipitated with E27 co-
electrophoresed with the LFA-l a-chain and the 95,000-mol-wt
band coelectrophoresed with the LFA- I p-chain. This suggested
that serum E27 contained antibody reactive with the LFA-l
molecules.

To more critically compare LFA- 1 and the molecules pre-
cipitated with E27, they were analyzed by O'Farrell 2D-PAGE.
Surface iodinated cells were reacted with serum E27 or LFA- 1-
specific MAband immunoprecipitates prepared. The samples
were denatured with urea, reduced with 2-ME and subjected to
isoelectric focusing for 10 h followed by SDS-PAGEin the second
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Figure 1. Comparison of lymphocyte surface antigens precipitated
with human serum E27 and LFA-I by SDS-PAGE. Radioiodinated
lymphocytes were reacted with (lane 1) no Ab; (lane 2) control MAb;
(lane 3) anti-LFA-l a-MAb TS1/22; (lane 4) anti-LFA-ft MAbTSI/
18; and (lane 5) human serum E27 and immunoprecipitates prepared.
Immunoprecipitates were reduced and run on 8%SDS-PAGE. Molec-
ular weight markers are shown at left.
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dimension and autoradiography. The molecules immunopre-
cipitated by the patient's serum comigrated exactly with the LFA-
1 a- and 13-chains precipitated with the LFA- 1 specific MAb
(Fig. 2). Each of the 1 75,000-mol-wt chains focused between a
pH range of 4.3 to 4.6 and each of the 94,000-mol-wt chains
focused at positions from pH 4.6 to 5.0. This result strengthened
the suggestion that serum E27 contained antibodies to the LFA-
1 molecules.

Preclearance of LFA-J molecules removes E27 reactive mol-
ecules. The identity of the molecules precipitated by E27 as LFA-
1 was confirmed by preclearance experiments. Aliquots of ra-
dioiodinated lymphocytes were first incubated with either MAb
specific for the LFA-l a-chain, LFA-l I3-chain, or a control MAb,
and then the Ab-complexed molecules were removed. Next, the
precleared extracts were immunoprecipitated with serum E27
or LFA- 1 specific MAband analyzed by SDS-PAGE. Clearance
with MAbto LFA- 1 a- or 1-subunits resulted in the substantial
removal of the LFA- 1 molecules (Fig. 3, lanes 2, 3, 5, 6) and
the nearly complete depletion of the 1 75,000-mol-wt molecule
normally immunoprecipitated by serum E27 (Fig. 3, lanes 8 and
9). Together the electrophoretic comigration of E27-precipitated
molecules with LFA- 1 subunits and clearance of E27 chains by
LFA-l MAb established the identity of the two E27 reactive
molecules as the a- and 13-chains of LFA- 1.

Serum E27 is alloreactive and not autoreactive. Lupus patient
E27, whose serum contained the anti-LFA- 1 antibodies, had
received numerous transfusions 10-20 yr ago for severe recurrent
hemolytic anemia. This raised the issue of whether the anti-
LFA- 1 antibodies detected in her serum were a form of auto-
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Figure 3. Sequential immunoprecipitation of LFA- 1 and E27-reactive
molecules. Radiolabeled lymphocyte lysates were aliquoted and sam-
ples precleared either with control MAbbound to Sepharose (lanes 1,
4, 7), anti-LFA-I a-MAb TS1/22 (lanes 2, 5, 8), or anti-LFA-1
13-MAb TSI/18 (lanes 3, 6, 9). Immunoprecipitates were then pre-
pared from the precleared lysates with either the anti-LFA- 1 a MAb
TS1/22 (lanes 1-3), anti-LFA- 1 3-MAb TS1/18 (lanes 4-6), or serum
E27 (lanes 7-9) and run on reduced 7%SDS-PAGE.

reactive antilymphocyte antibodies, such as are present in some
lupus sera, or were alloreactive antilymphocyte antibodies. To
test this, PBMsfrom the patient and a normal individual were
isolated, radioiodinated, and reacted with serum E27. Immu-
noprecipitates from the patient and control individual were
compared by SDS-PAGE(Fig. 4). Serum E27 was found to pre-
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Figure 2. Comparison of E27-immunoprecipitated molecules and
LFA-I chains on O'Farrell two-dimensional gels. Radiolabeled lym-
phocytes were immunoprecipitated with anti-LFA- I a-specific MAb
TS 1/22 (A) and serum E27 (B); run on two dimensional O'Farrell gels
and autoradiographed. Isoelectric focusing was first conducted from
left to right followed by reduction with 2-ME and SDS-PAGEfrom
top to bottom.

CELLS: N El
AB: OKM1

NE,
E27

NE,
LFA*1

Figure 4. Test of autologous cells for LFA- 1 reactivity with serum
E27. Radiolabeled PBMsfrom lupus patient E27 (E) and a healthy in-
dividual (N) were immunoprecipitated with MAbOKMI (lanes I and
2), serum E27 (lanes 3 and 4) or the anti-LFA-l MAbTS1/22 (lanes 5
and 6), reduced and run on 10% SDS-PAGEand autoradiographed.
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Figure 5. Screen of healthy individuals for the ability
of serum E27 to precipitate LFA-1. Radiolabeled
PBMsfrom 18 healthy individuals were immunopre-
cipitated with serum E27 and run on 10% SDS-PAGE
and autoradiographed. The position of the LFA- 1
a-chain is marked at the right.

cipitate LFA- 1 from the control cells (lane 3) but did not pre-
cipitate LFA-l from autologous cells (lane 4). The LFA-l family
of molecules is present on the patient's cells as demonstrated by
their immunoprecipitation by MAbto OKM1 (lane 2) and LFA-
1 (lane 6). Although the f3-chain of LFA- 1 is not seen on this
reproduction of the gel (lanes 5 and 6) it is present and more

readily seen with longer exposure. Thus, it is clear that the lack
of autoreactivity by E27 was not due to modulation of LFA-1
by autoantibodies or lack of expression of these molecules on

E27's cells. The finding that serum E27 reacted with lymphocytes
obtained from several donors but not with autologous LFA-l
molecules suggested the patient expressed a variant form of
LFA- 1.

LFA-i phenotypic variation in the population. Patient E27
could manifest a rare mutation of the LFA- 1 molecules or express
an allotypic variant also expressed by other individuals. In order
to test these two possibilities, PBMsfrom 40 healthy individuals
were screened for reactivity with E27 by immunoprecipitation
and SDS-PAGE. 2 of the 40 individuals (5%) had no apparent
LFA- molecules immunoprecipitable by serum E27 (Fig. 5,
lanes 6 and 14). Since an immunodeficiency syndrome involving
the absence of the three related molecules constituting the LFA-
1 family has been described (15-23), the cells from the two in-
dividuals who did not react with serum E27 were reexamined
to determine if they expressed LFA-l molecules on their cell
surfaces. Both LFA-l a- and LFA-1 (3-chains could be immu-
noprecipitated from cells of both individuals by specific MAb
(Fig. 6, lanes 4, 5, 7, 8) but again, as in the previous experiment,
their LFA-l molecules did not react with serum E27 (Fig. 6,
lanes 6, 9). 5% of individuals from the normal population ex-

amined thus expressed a phenotypic variant of LFA- I that does
not react with serum E27.

Physicochemical properties ofallotypic LFA-I molecules. The
size and charge characteristics of the LFA- 1 molecules isolated
from one of the nonreactive individuals were compared with
those of the more commonLFA- I phenotype by O'Farrell 2D-
PAGE(Fig. 7). By this analysis the ,3-chain prepared from the
E27-nonreactive individuals appeared to be identical to the

LFA- 1 13-chain of the E27-reactive individuals. The positions of
the a-chains were also identical and although the more basic
spots are fainter in this figure, other gels showed identical inten-
sities as well as positions for the a-chains. This result indicated
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Figure 6. LFA-1 precipitation from serum E27-nonreactive individu-
als. Lymphocytes were prepared from individual A, previously shown
to have LFA-1 precipitated by serum E27 (lanes 1-3), and individuals
B (lanes 4-6) and C (lanes 7-9) previously shown not to have LFA-1
immunoprecipitated by serum E27. The cells were radioiodinated and
immunoprecipitated either with MAbspecific for LFA-1 a-subunit
(lanes 1, 4, 7), LFA-1 # subunit (lanes 2, 5, 8), or serum E27 (lanes 3,
6, 9). Samples were reduced and run on 8%SDS-PAGEand autora-
diographed.
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Figure 7. Comparison of LFA-l molecules from E27-reactive and
nonreactive individuals by two-dimensional gel electrophoresis. Lym-
phocytes were prepared from individual A, previously shown to have
LFA-1 precipitated by serum E27, and individual B, previously shown
not to have LFA- l precipitated by serum E27. The cells were radioio-
dinated and LFA-l immunoprecipitated from each with MAbTS1/22
and samples reduced and run on O'Farrell two-dimensional gels.

washed in NaCl-Tris-NP-40 solution (pH 8.0). The chains re-
maining bound to the antibody and Sepharose protein A were
denatured and run on SDS-PAGE(Fig. 8). After treatment at
pH 11.2, complete disappearance of the LFA-1 fl-chain and
preferential retention of the a-chains was observed. Since after
treatments with pH 11.2 and 11.5 the E27 antibody-precipitate
partially retained the LFA-1 a-chain without any apparent (3-
chain present (even upon prolonged film exposures) the anti-
LFA-1 reactivity observed is likely specific to the a-chain itself
and not directed towards either the fl-chain or an a-fl combi-
natorial determinant. WhenLFA-l samples immunoprecipitated
with the fl-chain specific MAbTS1/18 were treated with pH
11.2 both the a- and f-chain completely disappeared (data not
shown). Thus, the pattern of a-chain retention observed with
E27 is not the result of nonspecific retention of the a-chain.

Additional evidence supporting the a-chain specificity of the
E27 serum comes from immunoprecipitation experiments using
other cell types. In extracts of PBMsthere exists a mixture of
LFA- 1 molecules with Mac-l molecules. If the E27 antibodies
were specific for the f-chain, the immunoprecipitates would be
predicted to contain two types of a-chains. This was examined
by preparing peripheral blood mononuclear cells containing
lymphocytes and monocytes, radioiodinating them and im-

pmCo an
pH 3 4

1 23 4 567 8

that large alterations of the a- or fl-chain structures, such as a
sizable peptide deletion or lack of carbohydrate do not exist.
Instead, a minor difference of the LFA-1 chains, such as an
amino acid substitution, which is not detectable by the method
of O'Farrell 2D-PAGEanalysis, probably accounts for the pres-
ence or absence of reactivity with serum E27.

Chain specificity of serum E27. It was of interest to determine
the portion of the LFA-1 molecules recognized by serum E27
since those antibodies probably recognize the altered portion of
the LFA-1 molecules. Various approaches have been used to
determine this. First when LFA-1 molecules were precipitated
by serum E27 and the intensity of the a-chain band compared
with that of the f-chain, several experiments demonstrated that
the a-chain band was more intense than the fl-chain band (e.g.,
Fig. 1). This pattern of intensities is very similar to that produced
by the LFA- 1 a-chain specific MAbTS1/22 and contrasts to the
nearly even intensity of the a- and f-chains usually observed in
immunoprecipitates produced with the LFA-1 fl-chain specific
MAbTSI/18.

A second approach to the identification of the chain recog-
nized by serum E27 has been to prepare LFA- 1 immunoprecip-
itates containing both the LFA- 1 a- and f-chains and subjecting
these immunoprecipitates to incubation conditions with various
pHs to partially dissociate the LFA- I subunits. Similar treatments
have been used to partially denature and dissociate the a- and
f-chains of LFA-I to show the preferential retention of one chain
or the other depending upon the epitope specificity of the MAb
(7). E27 and LFA-l immunoprecipitates prepared from iodinated
lymphocytes were treated for 30 min at 40C with solutions com-
posed of 0.5 MNaCl, 0.5% NP-40, 100 mMdiethylamine ad-
justed to pH 7.2, 10.7, 11.2, or 11.5, and then centrifuged and
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Figure 8. Dissociation of E27- and TS1/22-bound LFA-I chains. Ra-
diolabeled LFA-l was immunoprecipitated with serum E27 (lanes 1-
4) and MAbTS1/22 specific for LFA-l a-chain (lanes 5-8). The Se-
pharose-antibody-LFA- 1 samples were treated with solutions of 0.5 M
NaCl, 0.5% NP-40, 100 mMdiethylamine adjusted to pH 7.4, (lanes I
and 4), pH 10.7 (lanes 2 and 6), pH 11.2 (lanes 3 and 7), and pH 11.5
(lanes 4 and 8) for 30 min at 4VC, centrifuged and washed once in
NaCl-Tris-NP-40 (pH 7.4) and analyzed by 8% SDS-PAGE(lanes 2
and 6).
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munoprecipitating with MAbto either the LFA- 1 a-chain (Fig.
9, lane 1) or 3-chain (lane 2), or with serum E27 (lane 3). The
immunoprecipitates were run on a 6% SDS-PAGEgel capable
of separating the Mac-l (OKM1) a-chain (165,000 mol wt) from
the LFA-1 a-chain (177,000 mol wt). LFA-1 ,8-chain specific
MAbTSl/ 18 immunoprecipitated both of those a-chains, but
serum E27, like the a-chain specific MAbTSI/22 only precip-
itated the LFA- 1 and not the Mac- 1 a-chain. This supports the
contention that E27 reacts with the LFA-l at-chain and not the
shared 1-chain.

Analysis of the LFA-i chain specificity of serum E27 using
heterohybridoma cells. Mouse X Humanheterohybridoma cells
have been developed that retain the human chromosomes coding
for either the human a- or human 13-chain of LFA-1 (9). One
of those lines (MBXBW5+) expresses hybrid LFA-l molecules
composed of human a-subunit associated with murine 1-chain.
Another line (MB1l33) expresses human LFA-1 1-chain in as-
sociation with murine a-chain, and does not express human a-
chains. Sublines MBXBW5-and MB13- were derived from these
two lines and have lost the previously retained human chro-
mosomes and no longer express the human LFA- 1 a- or 1-chains,
respectively. These cell lines were surface radioiodinated and
reacted with serum E27 or with MAbs TSI/ 18, or TS1/22, and
immunoprecipitates prepared and run on SDS-PAGE. As ex-
pected, human LFA- I a- and 1-chains were immunoprecipitated
from human phytohemagglutinin (PHA) blast cells (Fig. 10, lanes
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Figuwre 9. Analysis of alpha chains immunoprecipitated from PBMsby
serum E27. Radiolabeled PBMswere immunoprecipitated with either
anti-LFA-lIa MAbTSl1/22 (lane 1), anti-LFA-113f MAbTSl1/22 (lane
2), or serum E27 (lane 3) and run on low percent (6%) SDS-PAGE
and autoradiographed.
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Figure 10. Serum E27 immunoprecipitation of LFA-I from mouse
X human heterohybridoma cells. HumanPHAcells (lanes 1-3), mu-
rine BW5147 cells (lanes 4-6), and three mouse X human heterohy-
bridoma cell types: human a+-MBXB5+ (lanes 7-9), human a-nega-
tive MBXB5- (lanes 10-12), and human 1-positive MB#33+ (lanes 13-
15), were radioiodinated and reacted with either MAbto human LFA-
1 a-chain (TS1/22, lanes 1, 4, 7, 10, 13), MAbto human LFA-l I3-
chain (TSI/18, lanes 2, 5, 8, 11, 15), or serum E27 (lanes 3, 6, 9, 12,
15). Immunoprecipitates were prepared and run on reduced 8% SDS-
PAGEand autoradiographed.

1-3), but no LFA-l was immunoprecipitated from the BW5147
mouse cells (lanes 4-6). The human a-chain specific MAbTSl/
22 precipitated LFA-l from the human a'-hybrid (MBXBW5+,
lane 7) but none was seen with the derivative human LFA-l a-
negative (MBXBW5-) cells (lane 10) or from the human 3+-
hybrid (lane 13). The 13-chain specific MAbTSI/18 precipitated
a detectable LFA- 1 a-chain from the human LFA-l 1-positive
cells (MB133, lane 14) and a less intense 13-chain (seen more
clearly on a longer exposure). MAbTS1/18 did not precipitate
LFA-l from the human a+-hybrid (lane 8) or from the human
LFA- 1 13-negative (MB13- cell line, data not shown). These re-
sults are consistent with previous observations and indicate the
cells were expressing the LFA-I subunits in the anticipated
fashion.

Serum E27 precipitated LFA-l from the human LFA-l a-
chain positive cells (MBXBW5+, lane 9), but not from the de-
rivative human a-negative (MBXBW5-cells, lane 12). Further-
more serum E27 did not precipitate LFA-l from the human
13-positive hybrid cells (MB133+, lane 15). The serum E27 anti-
LFA- 1 reactivity thus is related to determinants present upon
the human a-chain.

Discussion

Wehave identified two phenotypes of the human LFA-l mol-
ecules by a differential ability to react or not react with serum
E27. This serum immunoprecipitates LFA-1 from most indi-
viduals (95% of those tested). Its reactivity with an epitope on
the LFA-1 a-chain has been supported by several lines of evi-
dence: preferential a-chain immunoprecipitation; lack of reac-
tivity with Mac-l; dissociation experiments showing preferential
retention of the a-chain; and most convincingly by experiments
showing precipitation from mouse X human hybrids expressing
human LFA- I a-chain and not with hybrids expressing human
LFA- 1 13-chain. Since the immune reactive epitope should co-
incide with the site of allotypic variation, the LFA- I variability
detected by this serum most likely resides in the a-chain.
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Attempts to show that E27 reacts with dissociated LFA- l a-
chains using the technique of Western blotting have been un-
successful (data not shown). The lack of reactivity with disso-
ciated LFA-1 a-chain on the blots might indicate that the im-
munoreactive sites are perturbed by the conditions used, or that
they are dependent upon a- and #-chain interactions for their
immunoreactive conformation. Since human a- and mouse p-
chains were precipitated from the human a-chain bearing human
X mouse heterohybridoma cells, any chain interactions necessary
for the molecule's antigenicity are not apparently influenced by
substitution with murine #-chain. The most likely explanation
for the failure of E27 to immunoblot to dissociated LFA-l chains
is that the blotting conditions alter the antigenic site on the a-
chains. Studies of some LFA- 1 specific monoclonal antibodies
have revealed similar difficulties in blotting (Marlin, S. D., and
T. A. Springer, personal observation).

To the best of our knowledge this is the first description of
an antigenic variation of the human LFA- I molecules. However,
an allotypic variation of murine LFA-l has been described (4).
The E27-reactive epitope is distinct from the TS1/22-reactive
epitope of LFA-I since 'the MAbrecognized both forms of the
LFA- 1 molecules. No other anti-LFA- I MAbhave been shown
to react with only a subset of human LFA- 1 molecules. If as
suspected, the difference between the two phenotypes of LFA-
1 molecules arises from alteration of the a-chain structure, this
could be the result of amino acid substitutions, multiple amino
acid changes or various postranslational modifications. As in-
dicated by the identical two-dimensional O'Farrell gel electro-
phoresis patterns of the normal and variant LFA-l a-chains,
the variations do not have a large effect upon the molecular
weight or the pI of the a-chain. For the molecules to have such
similar two-dimensional electrophoretic patterns, the changes
between them are probably minor and most likely involve one
or a few amino acid substitutions.

This LFA-l variation contrasts with the inherited immu-
nodeficiency syndrome involving the partial or complete defi-
ciency of the Mac- 1, LFA- I family of molecules (15-23). Those
patients synthesize normal a-chain precursor molecules but ap-
parently don't synthesize normal ,-chains and as a consequence
few dimers are formed (24, 25). In vitro tests show their gran-
ulocyte and monocytes have defects in motility, adherence, and
phagocytosis. In addition, they have diminished antibody de-
pendent cell-mediated cytotoxicity (ADCC), and natural killer
(NK) cell activity, and have subtle T cell abnormalities (26).

MAbthat bind specifically to the LFA- I glycoproteins have
established the involvement of these molecules in several im-
munological events. Monoclonal antibodies directed at LFA- 1
block T cell-mediated killing (1, 3, 5, 27-34), NK cell lysis (5,
31-33, 35), ADCC(36, 37), mitogen and antigen-induced re-
sponses (5) and neutrophil adherence processes (38). Anti-LFA-
1 MAbs interfere with the Mg"2-dependent adherence step of
killer cell function (4, 27, 31, 34). These findings implicate the
LFA- 1 molecules as molecules important in adhesion processes
between cells of the immune system.

The LFA- 1 phenotypic variants we have detected by lack of
reactivity with serum E27 might also be candidates to have subtle
alterations of their immune responses. Of the variant individuals
we have identified, one patient (E27) has the autoimmune disease
lupus. The other two individuals are clinically well, and prelim-
inary screening of their cells ability to stimulate and respond in
mixed leukocyte reactions and to PHA has provided normal
results (data not shown). More detailed studies will be needed

before any conclusions can be drawn regarding effects on im-
mune function related to the variant form of LFA-1.

The LFA-1 variant described here may be one of several
LFA-1 variants. Since detection of this variant relied upon a
serum containing alloantibodies to LFA-1, other LFA-l variants
may be detected by examining serum from other alloimmunized
individuals. Separate experiments designed to investigate surface
molecules reactive with serum from lupus patients, some of
whomhad been previously transfused or been pregnant did not
reveal antibodies to LFA- 1 although many did have antibodies
to HLA (unpublished observations). Similarly, normal individ-
uals who had previously been pregnant have not been observed
to have antibodies to the LFA-1 molecules. This may indicate
that the high level of antibodies to LFA- I observed in this patient
are relatively uncommon. Alternatively repeated immunization
or the altered immune regulation of lupus may have contributed
to the high levels. Future analysis of the presence of these an-
tibodies in individuals of known LFA-l phenotype who have
received transfusions or been pregnant will help clarify the fre-
quency, amount of LFA-l antibodies and the diversity of the
LFA- 1 molecules.
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