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The critical role of cell adherence
in allowing expression of normal leu-
kocyte functions and the pathogenic
importance of adhesive abnormalities
in clinical disorders characterized by
dysfunction of phagocytic leukocytes
have been increasingly recognized (1-
3, 5-7, 10, 14). Workers in several
laboratories have recently recognized
a new heritable clinical syndrome
characterized by impaired inflamma-
tion and associated infectious suscep-
tibility (1-3, 53-8, 10). We have iden-
tified eight patients (four male and
four female) with a clinical syndrome
characterized by recurrent bacterial
or fungal soft tissue infections, pro-
gressive periodontitis, persistent
granulocytosis, poor wound healing,
and/or delaved umbilical cord sepa-
raton (gpl38 deficiency syndrome).
Profound abnormalities ot leukocyte
motility in vitro and tissue mobiliza-
tion (Rebuck skin window) have been
recognized in all cases. In this paper
we shall  summarize assessments
of  polymorphonuclear  leukocyte
(PMN)/monocyte and natural killer
(NK) c®ll function in three represen-
tative patients with this disorder, and
shall describe the identification in
each case of a severe deficiencv or
absence of surface expression of LFA-
I and OKMI, two structurallv and
functionally related “adhesive™ gly-
coproteins normally expressed on hu-
man myeloid cells (4, 13). The latter
findings provide a molecular basis for
understanding many normal cellular
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ABSTRACT

Three patients (2 female, 1 male) with recurrent infection, granulocvtosis,
impaired pus formation, and/or delayed umbilical cord separation were iden-
tified. Assessments of polymorphonuclear leukocytes (PMN)/monocyte function
in each patient revealed profound abnormalities of adherence and adherence-
dependent functions. Sodium dodecyl sulfate-polvacrylamide gel electrophoresis
(SDS-PAGE) of their PMN lysates demonstrated a deficient or absent protein(s)
of 138 kilodaltons (gp138). Na’HB, labeling demonstrated the absence of a
major cell surface glycoprotein complex in each patient. Among parental and
sibling PMN suspensions, functional assessments revealed no consistent abnor-
malities, although variably diminished gp138 was identified by SDS-PAGE and
Na’HB, labeling. Analysis by fluorescence-activated cell sorting and monoclonal
anuibodies (MAb) to LFA-1 a, OKM]1 «, and their common 3 subunit demon-
strated a severe or total deficiency of PMN/monocyte surface expression of
each protein among all patients; intermediate values were observed for parental
and affected sibling suspensions, findings consistent with an autosomal recessive
mode of inheritance for this disorder. Cell surface labeling ('*I) and immuno-
precipitation with the same MAb demonstrated the absence of these glycoproteins
in addition to a 150-kilodalton protein (p150.93). Identical abnormalities of
surface expression of patient lymphocytes blast-transformed with phytohemag-
glutinin (PHA) or Epstein-Barr virus were demonstrated. Further, significantly
diminished natural killer cell cytotoxicity was observed for each patient tested.
PHA blast-transformed patient lymphocytes labeled with [**S]methionine dem-
onstrated a total absence of the 8 molecule but indicated the presence of an
[LFA-1 a precursor. These findings indicate that LFA-1 « synthesis and surface
expression require 8 association. [t is concluded that impaired inflammatory
function in this disorder is casually related to a heritabie deficiency of critical
“adhesive™ leukocyte glycoproteins.—Anderson. D. C.; Schmalstieg, F. C.;
Shearer, W.; Becker-Freeman, K.; Kohl, S;; Smith, C. W.; Tosi, M. F.;
Springer, T. Leukocyte LFA-1, OKMI, p150.95 deficiency syndrome: functional
and biosynthetic studies of three kindreds. Federation Proc. 44: 2671-2677;

1985.

adhesive properties as well as complex
funcuonal abnormulities observed in
this disorder. Further, the use of spe-
cific subunit monoclonal anubodies

' From the Minisymposium Phenotvping of
Macrophages, Dendritic Cells, and NK Cells pre-
sented at the 68th Annual Meeting of The
Amencan Association of lmmunologists. St.
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TABLE 1. Assessments of adherence-dependent PMN leukocyte functions among three gp138-deficient kindreds

S-year-old 17-year-oid 14-month-old Parents and Healthy
PMN function tested female male female siblings® adults
Directed migration® 69 * 4 70+ 6 47+ 38 106 + 7 103 + 6
Orientation’ 65=+3 201 10x3 57 = 8 59+ 6
Adherence? K
Buscline 11.0+3 14.1 £ 2.0 13+7 24 211 38+6
Surmulated 10,0+ 3 14.4 £ 4.0 145 68 * 14 63 +6
Aggregation” 66 7+3 71 94+ 8 1002 6
Spreading’ 34 75 55 85+ 7 82+6
Phagocytosisé
Paraffin ORO-(C3) 0.65 3.7 1.1 8.1+24 7.0+ 3.1
Paraffin ORO<(1gG) 1.8 1.35 0.8 1.7 £ 0.6 1.7+ 0.4
Antibody-dependent cellular
cytotoxicity”
100:1 6.8 7.1 2.1 21+ 9 25 + 12
30:1 3.0 0 5.7 — 16 + 6

? Included are three mothers. two fathers, and one female sibling (all heterozvgotes).

f-Met-l.eu-Phe (10 nym, 40 min).
chambers.

baschine (phosphate-buffered saline) or f-Met-Leu-Phe-stimulated (10 nam) conditions.
of PMN aggregation in response to zvmosan-activated plasma (ZAP) expressed as ZAP units.
percent of PMNs anchoring on plastic substrates (5 min, 37 C).

t Values represent the mean * sp of “leading front™” Bovden assays with
¢ Values represent the mean * sp percent of PMNs accurately orienting toward a gradient of f-Met-Leu-Phe established in Zigmond

¢ Values represent the mean * sp percent of PMNs adhering to serum-coated (6% ) glass substrates at 1 g for 500 s in Smith-Hollers chambers under
¢ Values represent the mean = sp percent of two to six individual determinations
/ Values represent the mean of two experiments expressed as the

# Values represent the mean + s of Oil Red O (ORO) parathn ingestion expressed as dionviphthalate

uptake (micrograms per 107 PMNs per 10 min) for particles selectively preopsonized with endotoxin-activated antibodv-deficient serum or human serum albumin-anti-

human serum albumin.

(MAD) to these surface glycoproteins
has allowed phenotypic analyses of
gpl38-deficient kindreds, which have
confirmed an autosomal recessive
mode of transmission for this dis-
order.

As shown in Table 1, directed mi-
gration of patients’ PMNs was pro-
foundly diminished in each case
whereas values for all parental or
sibling suspensions were entirely nor-
mal. Observations by means of an
Optimax image analyzer of the dis-
tributions of entire PMN populations
in Bovden assays confirmed these
findings and revealed no *‘slow™ cell
subpopulations. To understand the
basis for impaired cell motility, studies
of  formvimethionylleucviphenylala-
nine (f-Met-Leu-Phe) receptor-hgand
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binding, investigations of cell activa-
tion and shape change in suspension,
and evaluations of cell orientation in
chemotactic gradients (Zigmond
chambers) were performed. Entirely
normal specific and saturable binding
of f-Met-Leu-[?’H]Phe (7000-10,000
receptors/PMN) was observed for all
patients and family members. With
respect to both C5a and f-Met-Leu-
Phe, comparable threshold concen-
trations (C5a, 1.2 pg/ml; f-Met-l.eu-
Phe, 0.1 nnt) effected cell activation
(membrane ruffling) of patients’ and
control PMNs (2). At maximally ef-
fective concentrations (C5a, 4 ug/ml;
f-Met-Leu-Phe, 2 nn), the percentage
of patients’ PMNs demonstrating bi-
polar morphology was comparable to
that of control suspensions. Patients’
cells also demonstrated a normal ca-
pacity to form uropods under all test
conditions (12).

The capacity of patients’ cell sus-
pensions to orient accurately toward
gradients of f-Met-Leu-Phe is sum-
marized in Table 1. For each patient
tested, the percentage of their PMNs
demonstrating a capacity to orient in
Zigmond chambers was significantly
diminished at all times. At peak time
intervals, mean patient values (6.1
+ 2.1%) were significantly (P < 0.001)
diminished compared with values of

FEDERATION PROCEEDINGS VOL. 44 NO. 10

* Values represent the mean = sb of 5'Cr relcase determinations (n = 2-6) for PMN-to-target cell ratios of 100:1 or 30:1.

57 = 8% and 59 * 6% for parental
plus sibling and healthy adult controls,
respectively. An apparent discrepancy
between findings of normal shape
change by patients’ cells in suspension
and their impaired orientation while
attached to surfaces in chemotactic
gradients was further evaluated with
scanning electron micrographs of pa-
tients’ cells processed while under-
going orientation and igration in
Zigmond chambers. Patients’ adher-
ent cells were clearly activated and
bipolar in a plane perpendicular to
the substrate after exposure to che-
motactic factors, but they were unable
to initiate new adhesion sites to the
substrate, which would allow the nor-
mal sequence of cell orientation and
migration.

These findings suggested an intrin-
sic defect of cell adhesive properties,
which were then evaluated. Serum-
coated glass substrates in Smith-Hol-
lers chambers (14) were used to study
adherence of patients” or control
PMNs under a variety of experimen-
tal conditions. As shown in Table 1,
mean baseline adherence of patients’
cell suspensions (9.1 + 4%) was sig-
nificantly diminished compared with
sibling plus parenwal (24 = 11%) or
healthy adult (38 + 6% ) values. More
dramatic abnormalities were observed
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when patients’ cells were exposed to
chemotactic factors, A23187 or
phorbol myristate acetate (PMA). Al-
though expected enhancement of ad-
herence was observed under these
conditions among control suspensions,
patients’ PMNs demonstrated essen-
tially no enhancement of adherence
above baseline values. For both base-
line and stimulus conditions, all ma-
ternal, paternal, and sibling cell sus-
pensions demonstrated normal values.
Adherence was also assessed with an
albumin-coated latex bead (ACLB)
binding assay (14), which quantitates
the initiation of adhesion sites by
chemotactic stimuli. After exposure
to f-Met-Leu-Phe (10 nM, 5 min,
21 C), or PMA (10 pg/ml. 5 min,
21 C). binding of ACLB by patients’
PMNs was profoundly diminished
compared with control suspensions.
The percentage of nonbinding pa-
tiems’ PMNs (54-85% f-Met-Leu-
Phe: 22-67% PMA) was s:gmﬁcaml\
(P < 0.001) increased compared with
a range of values of 0-12% for all
maternal, paternal. or heal(h\ adult
PMN suspensions. Further, the num-
ber of ACLB bound per cell by a
small proportion of patients’” PMNs
capable of ACLB binding was also
significantly  diminished compared
with most control suspensions.
To further characterize adhesive
properties of patients’ PMNs. aggre-
ometryv studies were performed (Ta-
ble 1). PMNs of each patient suspen-
sion demonstrated a profoundly di-
minished capacity to aggregate in
response to stimulation with zymosan-
acuvated plasma (ZAP), f-Met-Leu-
Phe (10 nM), or PMA (10 pg/ml).
Further. as shown by immunofluores-
cence microscopy, patients’ PMNs
failed to adhere to one another but
not to control PMNs when test mix-
tures of control PMNs and FITC-
stained patients’ PMNs were em-
ploved (1). Mean * 1 spD values (ZAP
units) for patient suspensions (ZAP,
14 + 7; f-Met-Leu-Phe, 16 *+ 4; and
PMA: 17 %6) were significantly
(P <0.001) diminished compared
with individual or mean group values
for maternal, paternal, sibling. or
healthy adult  control suspensions
tested. Patients” and control cells were

"~ allowed to undergo irreversible an-

chorage, or spreading on plastic or
glass substrates under a varietv of
experimental conditions. With respect
1o untreated plastic and glass sub-

strates, spreading values for patients’
PMNs were significantly (P < 0.001)
diminished. Diminished spreading
values were also observed when glass
substrates were pretreated with 5%
human serum albumin (HSA). How-
ever, relatively normal spreading by
patients’ cells was observed on sub-
strates treated with HSA-anti-HSA
immune complexes. These findings
suggested that PMN Fc receptors of
patients’ cells facilitated a normal at-
tachment and spreading sequence
under these conditions.

Further insight into the structural
and functional bases for impaired cell
adherence in this clinical model was
found in phagocytosis experiments
(Table 1). Considerable heterogeneity
of ingestion by patients’ PMN sus-
pensions was observed with respect
to the test particle and opsonic sub-
strate employed. Patients’ PMNs uni-
formly demonstrated severely dimin-
ished ingestion of paraffin Oil Red O
particles selectively opsonized with
C3-derived ligands compared with
maternal, paternal, sibling, or healthy
adult suspensions. Further, uptake of
radiolabeled staphylococci opsonized
with normal human serum or zymo-
san particles opsonized in antibody-
deficient serum was also significantly
diminished. However, uptake by pa-
tients’ PMNs of IgG-opsonized Oil
Red O emulsions was moderately re-
duced in only one of three patients’
suspensions and was slightly dimin-
ished or comparable to control PMNs
in two of three patients’ suspensions
tested. Further, as assessed with a
phagocytosis-associated chemilumi-
nescence assav, the rate of uptake
and/or bmdmg of lgG opsonized
ACLB by PMN suspensions from two
patients tested was comparable to or
increased compared with healthy
adult control suspensions (data not
shown). These findings further sug-
gested that impaired ingestion by pa-
tients’ PMNs was related to functional
abnormalities of the 1C3b receptor
complex but was unrelated to mem-
brane Fc receptors.

Extensive evaluations of antibody-
dependent cellular cytotoxicity
(ADCC) and NK cyvtotoxicity by pa-
tients’ leukocyvte populanons were
performed. For ADCC experiments,
herpes simplex virus (HSV)-infected
Chang liver effector cells were reacted
with PMN or mononuclear cells (ef-
fector-to-target cell ratio 100:1 to

PHENOTYPING OF MACROPHAGES, DENDRITIC CELLS. AND NK CELLS

30:1) in the presence of anu-HSV
human immune serum. Patients’
PMNs demonstrated essentiallv non-
reactive ADCC by use of a *'Cr re-
lease technique. Individual and mean
paternal and maternal ADCC values
were similar to those of normal adult
controls. To allow a further under-
standing of the basis for these abnor-
malities, an agarose single-cell cyto-
toxicity assay was designed to selec-
tively evaluate the role of cell
adhesion with respect to this cytotoxic
defect. In this assay, 5-6% of mater-
nal, paternal, or adult control PMNs
bound to target cells in the presence
of antibody, in contrast to only 0.5
+ 0.2% of patients’ cells (P < 0.001).
As shown by trypan blue exclusion,
so few target cells were bound by
patients” PMNs that the calculation
of the percent killed was considered
to be unreliable. Thus, impaired
ADCC would appear to be causally
related to impaired target cell binding
in this experimental system. Our
findings provide new evidence that
this Fc receptor-mediated function
appears to be also dependent on an
adhesive event unrelated to Ig-PMN
Fc receptor linkage. In addition, this
model represents the first clinical ex-
ample of pathologic ADCC caused
by impaired PMN-target cell bind-
ing (12).

Studies of mononuclear cell NK
cytotoxicity of these patients was also
assessed and shown to be significantly
diminished compared with all control
suspensions. At an effector-to-target
cell ratio of 30:1, the mean mono-
nuclear cell NK cytotoxicity of pa-
tients’ cells (10.0 £ 4.3) was signifi-
cantly (P < 0.05) lower than that of
controls (39.5 = 9.4). In further as-
sessments of mononuclear cell NK
cytotoxicity, a second target cell,
K562, was used. In a 4-h *'Cr release
assay with cells from three patients,
NK cytotoxicity for K562 cells was
shown to be anmﬁcamh diminished
compared with normal controls (P
< 0.05 at all effector-to-target cell
ratios for each patient’s suspension).

In contrast 1o the severe abnor-
malities of adhesion-dependent cell
functions described above. adhesion-
mdependem leukocyte functions of
these patients and their families were
shown to be generally normal. Spe-
cific and saturable binding of f-Met-
Leu-[*’H|Phe by patients’ PMNs was
normal as was cell shape change in
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ANALYSIS OF GP138-DEFICIENT PMNs BY FLUORESCENCE-ACTIVATED CELL SORTING

HEALTHY ADULT

PATIENT 1
S-year-old female

PATIENT 2
17-year-old male

PATIENT 3
14-month-old female
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Figure 1. The surface expression of CR1, LFA-1, and OKM1 on patient or control PMN
fragment of rabbit 1gG anti-CR1 or maBS directed at LFA-1 @, OKM]1 a. or their comm
)- PMNs initially reacted with nonimmune ascites controls are also shown (----- )- Paired histograms demonstrate
cells/histogrum)‘ Patients’ PMNs demonstrate a severe or

IgG or anti-goat F(ab'), (

relative fluorescence intensity (log;o), on the x axis and cell number on the ¥ axis (10*

(Log Scale)

total deficiency of surface OKM1 a and LFA-1 a and 8, but express CR1 normally.

response to chemotactic factors or
secretagogues. Soluble stimuli includ-
ing PMA, A23187, and chemotactic
factors elicited normal superoxide
generation. chemiluminescence evo-
lution, and secretion of lysozyme, 8-
glucuronidase. and lactoferrin (7). In
conuast to the latter findings, phago-
cytosis-associated degranulation was
significantly diminished in all patients.
In all cases, cytochalasin B pretreat-
ment of patients” PMNs significantly
enhanced secretion mediated by a
soluble or particulate stimulus, find-
ings that are consistent with normaul
behavior of microfilament dissassem-
blv: by patients’ PMNs. Therefore,
~diminished secretion by patients’
PMNs during phagocytosis suggests a
diminished kinetics of ingestion re-
sulting from abnormalities of particle-
cell interaction rather than abnor-
~malities of degranulation per se.

In further assessments of selected
biophysical properties of patients’
PMN membranes, the spin label 5-
doxyl stearic acid and electron spin
resonance spectroscopy were used to
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measure membrane fluiditv. The or-
der parameters (S) of unstimulated
control or patients’ PMNs were
equivalent to those of healthy adult
controls before and after f-Met-Leu-
Phe stimulation. Further, as assessed
by cell electrophoresis, the mean cell
mobilities of patient, maternal, or pa-
ternal PMNs were comparable to
those of healthy adult controls before
and after f-Met-Leu-Phe stimulation
(2). Thus, no evidence for abnormal-
ities of cell surface charge have been
detected with respect to this model.
Further quantitative and functional
assessments of cytoplasmic microtu-
bules were performed with tubulin
immunofluorescence. Both the mean
number of microtubules per cell (pa-
tient, 31.9 * 4.0; healthy adult, 34.8
* 4.5: P < 0.05) and the mean length
of individual microtubules of f-Met-
Leu-Phe-stimulated patients” PMNs
(patient, 10.1 * 3.1 um: healthy adul,
9.7 + 2.4 ym:; P < 0.05) were com-
parable to adult control cells and
expected normal laboratory values.
Additional evidence of normal PMN /

FEDERATION PROCEEDINGS VOL. 44. NO 10

RELATIVE FLUORESCENCE INTENS

ITY

s is shown. Cells were indirectly stained with a F(ab'),
on 8 subunit and were reacted with FITC-anti-mouse

monocyte microtubular function in
this disorder was supported by studies
demonstrating normal concanavalin
A capping by patient suspensions.
Collectively, functional analvses of
patients’ cell suspensions indicated
the absence or dysfunction of a cell
surface moiety, in part, related to
receptors that react with C3-derived
ligands: Sodium dodecyl sulfate-
polvacrylamide gel electrophoresis
(SDS-PAGE) analysis of patients’
PMN lysates revealed the absence or
severe deficiency of an identical pro-
tein or protein complex of approxi-
mately 138 kilodaltons. To confirm
that the deficient protein was a gly-
coprotein and that it was expressed
on the cell surface, a galactose oxi-
dase-NaB*H, technique (11) was em-
ploved. Patients’ PMNs demonstrated
the absence of a major glycoprotein
complex that was routinely observed
on healthy adult or age-matched con-
trol PMNs. By both SDS-PAGE and
NaB*H, labeling techniques, variable
deficiencies were observed among pa-
ternal, maternal. and sibling suspen-
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sions. Previous work in other labo-
ratories suggested certain candidate
adhesive proteins deserving specific

A Control

Kindred 1
I 1

B Patient C.Father D.Mother

assessments in these patients including
a family of structurally and function- f' 2 3
ally related glvcoproteins variably ex- R

ressed in human myeloid cells (4,
13). Specifically, these include the
lymphocyte function-associated anti-
gen 1 (LFA-1); the OKMI1 molecule L
(otherwise termed the complement et
receptor 3, Mol, or Mac-1), which is
identical to or closely associated with
the iC3b receptor of human myeloid
cells: and a third molecule termed
p150.95. Each molecule contains a
high-molecular-weight a subunit
noricovalently bound to a common 8
subunit.

Employing subunit-specific MAb
we assessed PMN/monocyte surface
expression of these proteins on all
patients’ cell suspensions in fluores-
cence-activated cell sorting (FACS)
and '*I-labeled immunoprecipitation
experiments. Representative FACS Lo
histograms of experiments performed -
on three patients are shown in Fig.
1. For these experiments, purification
procedures were employed to avoid
up-regulation of cell surface protein
expression. All of these patients dem-
onstrated normal surface expression
of the C' receptor 1 (CR1) (9). How-
ever, in each case the LFA-1 a,
OKM]I1 «, and g proteins were se-

177,000aL - B

165,000aM-
150,000aX-

95,000 8-

Figure 3. Immunoprecipitation of

(lane 3), anu-OKMI1 MAb (lane

Patients” PMNs demonstrate totall
of CR1.

Figure 2. PMN surface expression of LFA-1, OKM]1, or CR1 of four patients and their kindreds.
was assessed by FACS as in Fig. 1 experiments. Two female patients demonstrate a total absence

of LFA-1 and OKM]1, whereas the male patient demonstrates ~7-9% OKM1 a and

with healthy adult PMNs. Intermediate maternal and paternal values are evident as are those
for a female sibling carrier. Two unaffected male siblings demonstrate normal surface expression

of LFA-1 and OKM 1. All members of each kindred tested demonstrated normal CR 1

FACS ANALYSIS OF PMN SURFACE GLYCOPROTEIN
EXPRESSION IN GP138-DEFICIENT KINDREDS

451234512345"12345'
| )

' .

“v
]

'®l-labeled surface proteins from PMNs of kindred number

1. PMNs were surface labeled with '#1 by using lactoperoxidase. Triton X-100 lysates of each
suspension were immunoprecipitated with a mixture of five different anti-LFA-1 a MAb
(lane 1), anu-LFA-] a TS1/22 MADb-Sepharose CL-4B (lane 2), anti-8 TS1/18 MAb-Sepharose

4). and anti-CR1 44D MAb (kindly provided by Dr. V.

Nussenzweig) (lane 5). Immunoprecipitates for lanes 1, 4, and 5 were formed with antimouse
IgG and Staphvlococcus aureus, and were subjected to SDS-7% PAGE and autoradiography.

y deficient LFA-1 , 8, and OKM1 a but normal expression

verely deficient or totally absent from
the cell surface. Most patients are
>99% deficient in surface expression,
although some (e.g., the 17-vear-old
male in Fig. 1) demonstrate as much
as 10% of normal surface expression.
The relatively mild clinical features
in thig patient in addition to the iden-
tification of relatively modest func-
vonal defciencies in selected assavs
of his cell suspensions (e.g., ADCC
and NK cytotoxicity) suggest func-
vonal and clinical heterogeneity
among individuals with this disorder.
Studics performed in collaboration
with M. A. Arnaout demonstrated
severely diminished rosette formation
by PMNs of patient number 1 reacted
with 1C3b-coated sheep erythrocytes.
Analysis of mononuclear cell suspen-
sions with the same MAb demon-
strated a total or severe deficiency of
the same cell surface proteins among
the patients shown.
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Because functional analvses failed
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Figure 4. LFA-1 biosynthesis in lymphocytes from patients and normal individuals. Lymphocvtes
of patient number 2 were blast-transformed with PHA. They were then labeled with
[>*Shnethionine for 2 h, and either harvested immediately or chased for 22 h with complete
medium as indicated. Cell lysates prepared with Triton X-100 and sodium deoxvcholate were
immunoprecipitated with purified anlibodi¢s coupled to Sepharose CL-4b(10): TS1/22 anti-
LFA-1 a or TS1/18 anti-8. Activated. quenched Sepharose was used as a negative control.
Precipitates were subjected to SDS-PAGE and fluorography.

to adequately delineate heterozvgotes
for gpl138 deficiency, we again em-
ploved FACS analysis to phenotype
all parents and siblings of the patients.
As shown in Fig. 2, data obtained
from four kindreds (including the
three patients discussed) indicate ab-
sent or severely diminished LFA-1 a,
B. and OKM1 a among the patients.
Intermediate deficiencies were ob-
served among maternal and paternal
suspensions and for a female sibling
of the 17-year-old male patient. In
addition, two male siblings of an af-
fected female patient (number 3)
demonstrated normal values with re-
spect to each of these surface mole-
cules. As shown, the entire kinships
of all patients demonstrate normal
surface expression of CRI. Similar
relationships  were observed when
chemotactic or secretory stimuli were
emploved to wup-regulate surface
expression of these proteins before
FACS analvsis. Thus, these ﬁnqus
clearly indicate an autosomal recessive
mode of inheritance for this disorder.
Our findings of four male and four
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female individuals among eight pa-
tients identified in the Houston and
Galveston, Texas, referral area as well
as the relatively equivalent number
of male and female patients reported
by other investigators further confirm
these findings.

Observations by FACS analysis
were confirmed by % -labeling and
immunoprecipitation experiments as
illustrated by the autoradlographs in
Fig. 3. Representative experiments
with '®’I-labeled PMNs of patient
number 1 demonstrated a total ab-
sence of four proteins corresponding
to LFA-1 (177 kilodaltons), OKM]1
(165 kilodaltons), p150,95 (150 kilo-
daltons), and the g subunit (95 kilo-
daltons) shared bv each of these pro-
teins. These studies provide the first
evidence that the cell surface expres-
sion of p150.95 in addition to LFA-
1 and OKM1 is profoundly abnormal
in this chinical pathologic model.

Biosynthetic studies have also been
performed in a limited number of
patients as illustrated in Fig. 4. Phy-
tohemagglutinin (PHA) blast-trans-

paired redistribution of surface
adhesion sites by chemotactic factor
or colchicine. [ Clin. Invest. 68:
863-874: 1981.
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e

formed lymphocytes of patient num-
ber 2 were pulsed with [*S}
methionine, with or without a 22-h
chase, before immunoprecipitation of
cell lysates with anti-LFA-1 « or 8.
Control cells clearly demonstrated the
presence of labeled LFA-1 « and 8
subunits after the chase. In contrast,
no f’was detectable in the patients’
lymphocytes studied under the same
conditions. However, a normal LFA-
1 a precursor designdted o'l was
identifiable. These findings suggest
that impaired biosynthesis of the g
molecule represents a fundamental
molecular lesion in the gpl138 defi-
ciency S)ndrome and that complete
processing and surface expression of
LFA-1 a requires 8 association.

Finally, the use of the specific MAb
to LFA-1 and OKM]1 subunits has
been employed in blocking experi-
ments in an attempt to reproduce the
functional abnormalities observed in
our patients. Independent and addi-
tive inhibitorv influences of each MAb
on normal PMN adherence and other
adherence- dependem functions in-
cluding directed migration, phago-
cytosis, and antibody-dependent cy-
totoxicity have been demonstrated.
In contrast, adherence-independent
functions including f-Met-Leu-
[*H]Phe binding, shape change in
suspension, degranulation, and oxi-
dative metabolic activity mediated by
soluble stimulants are enurel\ unaf-
fected by preincubation with these
MAb. Binding controls. including
those directed at the CRI1 receptor
and the HLA framework antigen,
have shown no inhibition of cell ad-
herence or related functions.

In conclusion, these studies indicate
that recurrent infection and impaired
inflammatory functions in patients
with the gp138 deficiency syndrome
are causally related to a heritable
absence or dehaencx of a family of
leukocvte gl}coprotelns that 1s cledri}
required for multiple adhesion-de-
pendent  funcuons.  Definition  of
the molecular lesion in this disorder
has allowed a conceptual integration
of many leukocyte functions based
on an adhesive common denomin-
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