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SUMMARY

Leucocyte adhesion deficiency (LAD) is a hereditary disorder caused by mutations in the CD18 (32
integrin) gene. Four missense mutations have been identified in three patients. CD18(A270V) supports,
at a diminished level, CD11b/CD18 (Mac-1, aM2 integrin) and CD11c¢/CDI18 (p150,95, aXpB2
integrin) expression and function but not CD11a/CD18 (LFA-1, aL.32 integrin) expression. Conversely,
CD18(A341P) supports a limited level of expression and function of CD11a/CD18, but not of the other
two CD11/CD18 antigens. CD18(C590R) and CD18(R593C) show a decreasing capacity to associate
with the CD11a, CD1lc and CDI11b subunits. Transfectants expressing the CD11a/CD18 with the
C590R and R593C mutations are more adhesive than transfectants expressing wild-type LFA-1, and
express the reporter epitope of the monoclonal antibody 24 constitutively. Thus, the four mutations
affect CD18 differently in its capacities to support CD11/CD18 expression and adhesion. These results
not only provide a biochemical account for the clinical diversity of patients with leucocyte adhesion
deficiency, but also offer novel insights into the structural basis of interaction between the o and 3
subunits, which is an integral component in our understanding of integrin-mediated adhesion and its

regulation.
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INTRODUCTION patients’ leucocytes. Generally, patients with a less than 1%

Leucocyte adhesion deficiency (LAD) is associated with defects
in the gene for the integrin 2 subunit, or, in the leucocyte antigen
nomenclature, the CD18 antigen [1-4]. The defect has been
attributed primarily to a diminished level of expression of the
leucocyte integrins LFA-1 (CD11a/CD18 or the aL32 integrin),
Mac-1 (CD11b/CD18 or the aMf32 integrin) and p150,95 (CD11c/
CD18 or the aXP2 integrin) on the patients’ leucocytes [3-5].
Clinically, LAD patients are characterized by the elevation of
blood neutrophil counts, recurrent bacterial and fungal infections,
slow wound healing and dystrophic scars from skin injuries. In
most cases, the degree of severity of these symptoms may be
correlated with the level of CDI11/CD18 expression on the
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normal level of CD11/CD18 are susceptible to frequent and life-
threatening systemic infections. Patients with higher levels of
CD11/CD18 expression, up to 10% of normal, may survive to
adulthood with proper medical care [4,5]. This heterogeneity of
clinical phenotype is reflected by the heterogeneity of CDI18
mutations. To date, there are over 20 different mutations described
at the molecular level [4,6,7]. However, none of CD11/CD18 with
these mutations was shown to possess any residual adhesion
activities even though two of them, S138P [6] and D231H [7],
were shown to be capable of supporting expression of LFA-1,
Mac-1 and p150,95. Thus, there is a gap in the biochemical
correlation between genotype and phenotype of LAD, particularly
in the moderate cases where CD11/CDI18 expression and
functions are not completely abolished. In this article, we report
four CD18 mutations identified in three LAD patients GF, HM
and TB. We show that CDI8 with these mutations have
differential ability to associate with the three CD11 subunits to
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form the LFA-1, Mac-1 and p150,95 antigen complexes, and that
the mutant CD11/CD18 integrins, when expressed, have detect-
able ligand binding activities.

MATERIALS AND METHODS

Patients GF, HM and TB

GF is a woman of Iranian origin (ethnically Persian) and was born
in 1982. She suffers from chronic gingivitis, recurrent oral and
vaginal ulceration with scarring, and cutaneous scalp and vaginal
fungal infections. LAD was confirmed by flow cytometric ana-
lysis. For a period between July 1996 and January 1998, LFA-1
and Mac-1 levels on GF’s neutrophils and lymphocytes were
followed and showed a variation between 1 and 11%.

HM (1986-98) was of Mexican Hispanic background and had
only ~1% of CD11b/CD18 on her neutrophils [8]. After a match-
related bone marrow transplant in October 1997, she developed
severe graft-versus-host disease involving the skin. Despite medi-
cal management, she eventually developed severe pneumonitis,
which led to her demise in January 1998.

TB (1963-93) was a Gypsy born in a family with LAD history
[9,10]. Both LFA-1 (~10%) and Mac-1 (~5%) were detected on
TB’s neutrophils. Killer, natural killer and cytotoxic T-cell
activity, helper T-cell activity and phytohaemagglutinin-induced
proliferation were demonstrated with TB’s lymphocytes, and
these activities were more sensitive to the inhibitory effect of anti-
LFA-1 MoAbs. TB died in 1993 in a car accident.

Reagents

cDNAs of CD11 and CDI18 in the expression vector pcDNA3
were described previously [11]. The monoclonal antibodies were
gifts from different sources: MHM23 (anti-CD11/CD18) and
MHM24 (anti-CD11a) [12,13] from Professor A. J. McMichael
(Institute of Molecular Medicine, Oxford, UK); LPM19c (anti-
CD11b) [14] and KB43 (anti-CD11c) [7] from Dr K. Pulford
(LRF Diagnostic Unit, Oxford, UK); MEM-48 (anti-CD18,
activating MoAb) [15] from Professor V. Horejsi (Prague, Czech
Republic); KIM185 (anti-CD18, activating MoAb) [16] from Dr
M. Robinson (Celltech Therapeutics, Ltd, Slough, UK); and
MoAb 24 (activation reporter MoAb for CD11a/CD18) [17] from
Dr N. Hogg (ICRF, London, UK). ICAM-1/Fc, ICAM-2/Fc and
ICAM-Fc were prepared as previously described [18]. iC3b was
prepared according to Cai and Wright [19].

Sequence analysis of the CDI18 subunit alleles

Poly A RNA was obtained from Epstein-Barr virus (EBV)-
transformed cells from the three patients using the Quickprep
Micro mRNA purification kit (Pharmacia Biotech, St Albans,
UK). CD18 cDNA was obtained and sequenced as previously
described [6]. Exon 9, in which the A341P mutation was located,
was amplified from the genomic DNA of patient HM using the
oligonucleotides I89F and I910R. The C534* mutation was
located to exon 12 by PCR sequencing from the genomic DNA
of HM. Exon 7 (A270V) was amplified from the genomic DNA
of patient GF using the oligonucleotide pair E94/03 and E94/04,
and exon 13 (C590R) with 11213F and 11314R. The fragments
were cloned into PCR-Script Amp SK(+) vector (Stratagene Ltd,
Cambridge, UK) and sequenced. The defect in the CD18 genes of
the patient TB was identified by PCR sequencing of the CD18
cDNA. A single sequence with the mutation R593C was found in
exon 13 of PCR amplified genomic DNA.

The oligonucleotides E94/03 and E94/04 were described pre-
viously [6]. The sequences of the other oligonucleotides are as
follows: I89F, AGCCGTGCCATGTCTGGTC; I910R, TGAGTG
GTGCGGGAGACTC; 11213F, AAGCAGGAGCTTAGCCGTG;
and 11314R, TGCTCCGCCTGCACTCAC.

Transfection and adhesion assays

Appropriate  ¢cDNA fragments containing each of the four
mutations were spliced into a wild-type CD18 cDNA clone [20]
in the expression vector pcDNA3 (Invitrogen BV, Groningen, The
Netherlands). CD11 cDNA (5 pg) and 1 g of CD18 cDNA were
transfected into COS-7 cells in 80 cm? flasks using the DEAE-
dextran method [20] as previously described [11,21,22]. The
MoAb MHM23, which is specific for CD11/CD18 heterodimers,
gives different flow cytometric backgrounds on COS-7 cells
transfected with the CD11 cDNA alone. Thus, expression of the
heterodimers on CD11/CD18 transfectants was measured over
the background of the respective CD11 transfectants. Subtractive
histogram analyses were performed using the CellQuest software
(Becton Dickinson, Oxford, UK).

Microtitre wells were coated with ICAM-Fe, iC3b or
denatured BSA as described [6,22]. COS-7 transfectants were
resuspended in RPMI-1640 with 5% fetal calf serum and 10 mm
HEPES, pH 7-5 (RPMI-FH), to between 0-5 and 1 x 10° cells per
ml. The fluorescent dye BCECF-AM (Molecular Probes, Leiden,
The Netherlands), at 1 pg/pl in DMSO, was added to a final
concentration of 1 wg/ml, and labelling was carried out at 37°C
for 20 min. The cells were washed twice and resuspended to yield
2-4 % 10° cells per ml. A 50 pl volume of the cell suspension
was dispensed into each well of the ligand-coated microtitre
plates. The plates were incubated at 37°C for 30 min. The total
number of cells in each well was quantified by measuring the
fluorescence signal using the Cytofluor 4000 fluorescent plate
reader (PE Biosystems, Warrington, UK). Percentage of cell
adhesion was determined as the relative fluorescence signal after
washing three times with 150 wl RPMI-FH.

CD11/CD18 mediated adhesion to the various ligands was
activated with the MoAbs MEM48 (10 pg/ml) or KIM185
(2-5 pg/ml). The blocking MoAbs used were MHM24 (10 p.g/ml)
for CD11a/CD18 mediated adhesion, LPM19c (10 wg/ml) for
CD11b/CD18 mediated adhesion, and KB43 (10 pwg/ml) for
CD11¢/CD18 mediated adhesion, respectively. The concentra-
tions of the activating and blocking antibodies used were pre-
titrated to give maximal adhesion and complete blocking.

Expression of the activation reporter epitope of MoAb 24 on
LFA-1 transfectants was monitored by flow cytometry. The cells
were stained with MoAb 24, at 20 pg/ml, in RPMI-FH media, or
in HEPES BSA buffer (10 mm HEPES, 150 mm NaCl, 0-1%
BSA) with 5 mm MgCl, and 1-5 mm EGTA (Mg/EGTA) at 37°C
for 30 min. The cells were washed twice in the same buffer before
staining with the FITC-conjugated second antibody in RPMI-FH
media.

RESULTS

Molecular characterization of defects

Poly A RNA was obtained from EBV-transformed cell lines of the
three patients. CD18 cDNA fragments were obtained by RT-PCR
as previously described [6]. These fragments were sequenced and
the results are summarized in Table 1. Two mutations, A270V and
C590R, were found in the cDNA of patient GF. The A270V
mutation is associated with the abolition of the restriction enzyme
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Table 1 Mutations in the CD18 alleles of patients GF, HM and TB

Nucleotide changet cDNA Genomic DNA
Enzyme site # clones exon # clones
Patients Mutations™* Normal Variant change locationd variant/total location§ variant/total
GF A270V C(GCG) C(GTG) BstUI lost 809 12/17 7 3/5
C590R (TGT) (CGT) none 1768 9/22 13 3/4
HM A341P GTCA(GCC) GTCA(CCC) TspASI created 1021 10/10 9 3/6
C534* C(TGC)G C(TGA)G Ddel created 1602 - 12 -
TB R593C (CGT) (TGT) none 1777 3/3 13 -

*Mutations in the CD18 protein sequence. The initiation methionine is assigned number ‘1°.

FtMutations in the cDNA sequence. For clarity, the DNA sequences and numbering are shown in italics. The altered bases are shown in bold and the
codons involved are in brackets. Where restriction enzyme sites are affected, the sequences are shown and underlined.

+The location of the altered nucleotides in the cDNA sequence. The ‘A’ in the initiation codon ‘ATG’ is assigned number ‘1°.

§Exon locations are assigned according to Weitzman et al. [20].

site BstUI. Partial digestion with BstUI was obtained for the
cDNA as well as for the genomic fragment spanning exon 7 (data
not shown). The mutation A341P was found in 10 out of 10 CD18
clones from patient HM. This mutation is associated with the
creation of a Tsp45I restriction site. Whereas the cDNA fragment
was completely digested with Tsp45I, only partial digestion was
obtained for the genomic fragment (data not shown). This result
suggested that the other CD18 allele of HM was not expressed at
the RNA level. PCR sequencing of the genomic DNA of HM
revealed a double sequence in exon 12. One sequence was normal
and the other contained a C to A mutation causing the conversion
of the TGC codon for the cysteine at position 534 to the stop
codon TGA. This mutation will be referred to as C534%*. Thus,
both GF and HM are compound heterozygotes for LAD. Patient
TB was shown to be homozygous for the mutation R593C by PCR
sequencing of his genomic DNA.

A270V, A341P and C590R are novel mutations found in the
CD18 gene of LAD patients. The C543* and R593C mutations
have been previously reported. A LAD patient of the severe
phenotype was found to be homozygous for the C534* mutation
[23]. The R593C mutation has been reported in two patients of the
moderate phenotype. Both patients were compound heterozygotes:
one patient carried the K196T and R593C alleles [24], and the
other patient the G284S and R593C alleles [25].

Functional analyses

The four missense mutations were each separately introduced into
the CD18 cDNA in the expression vector pcDNA3. Each of them
was transfected into COS-7 cells together with the cDNA, also in
pcDNA3, of either CD11a, CD11b or CDI11c. The transfectants
were analysed for the expression of the CD11/CD18 heterodimers
and their ability to mediate specific adhesion to a panel of ligands,
ICAM-1, -2 and -3 for LFA-1 (CD11a/CD18) [26], and iC3b
[27,28] and denatured BSA [29] for the Mac-1 (CD11b/CD18)
and p150,95 (CD11¢/CD18) antigens.

Heterodimer expression was assessed by flow cytometry with
the dimer-specific MoAb MHM?23 [12,13,22]. Since we were
trying to observe subnormal levels of expression of the mutants,
we employed the subtractive histogram analysis in the CellQuest
software. The expression profile of the MHM?23 epitope in the
double transfectants was compared with those seen in the CD11
transfectants (Fig. 1). None of the CD18 mutants supported full

CD11/CD18 expression, although the expression index of CD11a/
CD18(R593C) was over 50% that of the wild type. The most
intriguing observation was that the four mutants showed different
capacities to combine with the three CD11 subunits. A270V

CD11/CD18 expression
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Fig. 1. Expression of wild-type and mutant CD11/CD18 antigens on COS-
7 transfectants. Wild-type CD18 ¢cDNA or CD18 cDNA with the A270V,
A341P, C590R and R593C mutations were transfected into COS-7 cells
together with the wild-type cDNA of CD11a, CD11b or CD11c. CD11/CD18
expression was monitored by flow cytometry with the MoAb MHM23. The
background histograms (shadow) are those obtained with transfectants of
CDl11a, CD11b or CDllc alone. Expression profiles of the CD11/CD18
transfectants are shown in solid lines. The subtracted profiles, using the
CellQuest software, are shown in bold lines. Percentage of gated positive
cells (%GP) in the subtracted profiles, the mean fluorescence intensity
(MFI) and the expression index (EI) = %GP x MFI are also shown.
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Fig. 2. Adhesion of LFA-1 (CD11a/CD18) transfectants to (a) ICAM-1,
(b) ICAM-2 and (c) ICAM-3. Adhesion was done in the absence (CJ) or the
presence of the activating MoAbs (') MEM-48 (10 pg/ml) or (H)
KIM185 (2-5 pg/ml). The data shown are after subtraction of background
obtained in the presence of the blocking MoAb MHM24 (10 pg/ml).
Adhesion in the absence and presence of the blocking MoAb were
compared by one-tail Studentss z-test assuming unequal variance:
*, P < 0:05; **, P <00l
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combined more efficiently with CD11c than with CD11b, and
least efficiently with CD11a. The other three mutants, namely
A341P, C590R and R593C, showed a preference to combine with
CDl1a followed by CD1lc and CD11b. Similar results were
obtained with another CD11/CD18 heterodimer specific MoAb,
IB4 [30].

The adhesion of wild-type LFA-1 transfectants to ICAM-1 can
be detected in the absence of stimulation, and the level of
adhesion can be promoted to a higher level with either activating
MoAb MEM48 [15] or KIM185 [16] (Fig.2). Adhesion to
ICAM-2 and ICAM-3 is uniformly lower, and it can only be
detected in the presence of the activating MoAbs. Transfectants
expressing the CD11a/CD18(A341P) have a similar, but reduced,
adhesion profile to ICAM-1, and their adhesion to ICAM-2 and
ICAM-3 is not detected. In contrast, both CD11a/CD18(C590R)
and CD11a/CD18(R593C) transfectants are more adherent than
the wild-type, as higher levels of adhesion are consistently
demonstrated with the variants in the absence of the activating
MoAbs, though the level of CD11a/CD18 expression is always
lower than the wild type (see Fig. 1). Their adhesion to ICAM-3,
as shown in Fig. 2, can be further promoted with MEM-48. To
summarize, these results show that CD18(A270V) supports
LFA-1 formation poorly, CD18(A341P) supports a reduced but
detectable level of LFA-1 formation and adhesion, and LFA-1
with the CD18(C590R) and CD18(R593C) are more adhesive than
the wild type.

Low levels of adhesion of wild-type Mac-1 and p150,95
transfectants to iC3b and denatured BSA were detected in the
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Fig. 3. Adhesion of Mac-1 (CD11b/CD18) transfectants to (a) iC3b and
(b) denatured BSA. Adhesion was done in the absence ([J) or the presence
of the activating MoAbs () MEM-48 (10 pg/ml) or (M) KIMI85
(2-5 pg/ml). The data shown are after subtraction of background obtained
in the presence of the blocking MoAb LPM19c (10 pg/ml). Adhesion
values in the absence and presence of the blocking MoAb were compared
by one-tail Student’s r-test assuming unequal variance: *, P < 0-05;
# P < 001.

absence of stimulation. These levels could be enhanced with
the activating MoAbs MEM48 or KIM185 (Figs 3, 4). Because
of the low level of expression, adhesion of Mac-1 with the CD18
mutations to iC3b and denatured BSA is difficult to detect (Fig. 3).
Adhesion of CD11¢/CD18(A270V) to iC3b and denatured BSA can
be detected in the presence of KIMI85 (Fig. 4). Adhesion of
CD11c/CD18(C590R) and CD11c/CD18(R593C) mutants to iC3b
and denatured BSA can be detected in the absence of the activating
MoAbs (Fig. 4). Curiously, we consistently observe a reduction in
adhesion of these two variants in the presence of MEM-48, which
has the opposite effect on the wild-type CD11c¢/CD18.

Adhesion of CD11a/CD18 to ICAM-1 is associated with the
expression of the reporter epitope of MoAb 24 [17]. Thus,
whereas the expression of the MoAb 24 epitope on CD11a/CD18
transfectants is low in RPMI-FH media, its expression can be
enhanced with Mg/EGTA. In contrast, the epitope of MoAb 24 is
detected at significant levels without stimulation on transfectants
expressing the CD11a/CD18 variants with the C590R and R593C
mutations (Fig. 5).

DISCUSSION

Like the clinical features, the molecular nature of the CDI18
defects among LAD patients is highly heterogeneous [2-5].
However, there is limited biochemical information to correlate a
particular mutation to a particular set of clinical symptoms.

© 2001 Blackwell Science Ltd, Clinical and Experimental Immunology, 126:311-318
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Fig. 4. Adhesion of p150,95 (CD11c/CD18) transfectants to (a) iC3b
and (b) denatured BSA. Adhesion was done in the absence (CJ) or the
presence of the activating MoAbs () MEM-48 (10 pg/ml) or () KIM185
(25 pg/ml). The data shown are after subtraction of background obtained in
the presence of the blocking MoAb KB43 (10 pg/ml). Adhesion values in
the absence and presence of the blocking MoAb were compared by
one-tail Student’s #-test assuming unequal variance: *, P < 0-05; **,
P < 0-01. Adhesion values of CD11c¢/CD18 with the C590R and R593C
mutations in the presence of MEM-48 were also compared with the values
obtained in the absence of MEM-48 with Student’s ¢-test: §, P < 0-05.

—

Generally, mutations that lead to grossly abnormal gene products
may be associated with the severe LAD phenotype [3—5]. These
mutations include nucleotide deletions leading to frameshifts
(three cases), abnormal splicing defects (four cases), a point
mutation leading to a defective initiation codon (one case), and a
nonsense mutation (one case). Other defects are missense
mutations, in which a single amino acid is changed in the CD18
protein. In these cases, the biochemical consequences are more
subtle, and how each mutation affects the expression and function
of the CD11/CD18 antigens has to be assessed individually. We
report here the study of three LAD patients. Patient GF is a
compound heterozygote with the A270V and C590R missense
mutations. Patient HM was also a compound heterozygote but
only the A341P allele was expressed at the mRNA level. The
other mutation is a nonsense mutation with the 7TGC codon for
C534 converted into the stop codon TGA (C534%). The C534*
mutation was previously reported to have low expression at the
mRNA level [23]. It is a common finding that the presence of
nonsense mutations reduces the steady state level of the mRNA
(see the Discussion in [23]). Patient TB was homozygous for the
mutation R593C.

The COS-7 cell expression system is designed to over-express
the proteins coded for by the transfected DNA. For this reason,
this system provides us with the advantage to examine the level of
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Fig. 5. Expression of the activation reporter epitope of MoAb 24 on
CD11a/CD18 transfectants. Expression of the CD11a/CD18 heterodimers
was monitored with the MoAb MHM?23. Detection of the MoAb 24
epitope was performed at 37°C in RPMI-FH medium or in HEPES BSA
buffer supplemented with 5 mm MgCl, and 1-5 mm EGTA (Mg/EGTA).
9%GP, MFI and EI are as in Fig. 1.

the expressed proteins under magnification and therefore, to
distinguish between the mutations that do not support expression
from those that do so at a low level. It has been used by Wardlaw
et al. [31] to demonstrate that whereas the CD18 mutation L149P
can support low levels of CD11a/CD18 expression, CD18 with the
G169R mutation cannot. In our laboratory, we have shown that
mutations G273R [6] and G284S [7] are incapable of supporting
the CDI18 expression in combination with CD11a, CD11b and
CDll1c. Conversely, significant expression of the three CD11/
CD18 antigens was found with the mutants S138P [6] and D231H
[7], although transfectants expressing these variants were not
adherent to ligands. Using this expression system, all four
missense mutations reported here are found to support a reduced
level, to varying degrees, of CD11/CD18 expression. Further-
more, their capacity to support CD11/CD18 surface expression is
not uniform with the three CD11 subunits. Thus, CD18(A270V)
shows preference for CD11c, followed by CD11b then CD11a. In
contrast, CD18(A341P), CD18(C590R) and CD18(R593C) show a
descending order of preference for CD11a, CD11lc and CD11b
(Fig. 1).

The extracellular domain of the CD18 antigen is organized,
according to the primary structure [32,33], into four regions: an
N-terminal cysteine-rich region which may have a PSI (plexin,
semaphorin and integrin) domain [34], a highly conserved region
(HCR), which, by structural prediction, may assume an I-domain-
like fold [35-37], and a mid-region which links the HCR to
the major cysteine-rich region (CRR), in which 39 cysteines are
arranged in a conserved and characteristic pattern [32,33]. To
date, 14 CD18 missense mutations, including the four reported
here, have been identified in LAD patients; 12 of these are found
in the HCR and the other two in the major CRR.

The A270V and A341P mutations are located in the HCR.
They are distinct from those that do not support CD11/CD18
expression, such as G169R [31], G273R [6] and G284S [7], and
those that support expression but not adhesion, such as S138P [6]

© 2001 Blackwell Science Ltd, Clinical and Experimental Immunology, 126:311-318
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and D231H [7]. Low levels of CD11c/CD18 expression can be
detected with the A270V mutant, and CD11a/CD18 expression
with A341P. In both cases, COS-7 transfectants expressing the
mutant integrins can be stimulated to bind ligands like their wild-
type counterparts. The levels of adhesion are lower in reflection of
their lower CD11/CD18 expression levels. These results show that
the different residues in the HCR of CD18 can affect its efficiency
in forming the different CD11/CD18 complexes.

The C590R and R593C are the only two missense mutations
located outside the HCR. The CRR of the integrin 8 subunits is
intriguing not only because of the high number of cysteine
residues in the region, but also the very conserved and charac-
teristic pattern in which they are arranged. It is thus anticipated
that the mutation of a cysteine residue in this region, such as
C590R, or the introduction of an extra one, such as R593C, would
affect the normal disulphide bonding pattern in this region. It is
therefore unexpected to find that the expression indices for LFA-1
variants with the C590R and R593C mutations are 41% and 58%,
respectively, that of the wild type (see Figs 1, 5). CD18 with the
C590R or R593C mutations is less effective in supporting the
expression of CD11c/CD18 and, to an even lesser extent, of
CD11b/CD18. Previously, we have described a chimeric CD18/
CD29 molecule (32/B1 integrin subunit), in which the CRR
of CD18 was replaced with that of CD29 [21], and its capacity to
support CD11a/CD18 expression on COS-7 transfectants. Sub-
sequent work showed that it is less effective in supporting Mac-1
and p150,95 expression, though the presence of the two integrins
are easily detected on the cell surface (R. H. Hyland and S. K. A.
Law, unpublished observation). These findings are consistent with
the two CRR missense mutations reported here and, together, they
indicate that the CRR is more important for Mac-1 and p150,95
heterodimer expression than for LFA-1.

LFA-1 variants with the CRR mutations bind ICAM-1
constitutively, and the addition of the activating MoAbs MEM-
48 and KIM185 has no effect (Fig. 2). Their adhesion to ICAM-2
and ICAM-3 is significantly higher than the wild-type LFA-1
transfectants, and, in the case of ICAM-3, adhesion can be further
promoted with the MoAb MEM-48 (Fig. 2). Expression of the
MoAb 24 epitope can be induced on wild-type LFA-1 by Mg/
EGTA at 37°C, and it has been associated with an LFA-1
conformation that is adhesive to ICAM-1 [17]. Since the MoAb 24
epitope is expressed on the LFA-1 variants with the CRR
mutations without the manipulation of the divalent cations
(Fig. 5), we may conclude that the variants assume an active
conformation with respect to ICAM-1 adhesion. This finding is
reminiscent of our observations on the CD18/CD29 chimeric
integrin subunits; LFA-1 with the CD29 CRR is constitutively
active with respect to ICAM-1 adhesion, and expresses the MoAb
24 epitope in the absence of Mg/EGTA [21]. Thus, similar
functional effects are observed with the exchange of the CD18
CRR with that of CD29 and with the introduction of either the
C590R or the R593C mutations. Since the two mutations involve
cysteine residues, it is reasonable to speculate that perturbation of
the disulphide bond pattern of the CRR is the primary cause
leading to the observed consequences. However, how they affect
the disulphide bonds in the CRR is unclear. A disulphide bond
model for the 33 integrin subunit (CD61) has been proposed [38]
but, because of the CRR’s extreme resistance to proteolysis,
the disulphide bonds in the CRR were assigned based on the
arguments that there are four pseudo-repeating elements in the
CRR, and that the disulphide bonds within each repeating unit are

self-contained. Thus, the assignments, though reasonable, are
not supported by biochemical data and are therefore difficult
to use as the basis for extended analysis. (For detailed discussion,
see [39].)

It should be noted that CD11c¢/CDI18 with the two CRR
mutations are expressed at sufficient levels on the transfectants,
and low levels of adhesion to iC3b and BSA can be detected.
Curiously, MEM-48 is inhibitory to the adhesion of the CD11c/
CD18 CRR variants but it activates the adhesion of the wild
type (Fig. 4). Furthermore, the inhibitory effect is not due to
the mutations themselves, since MEM-48 promotes adhesion to
ICAM-3 of CD11a/CD18 with the same mutations (Fig. 2).
Detailed studies of the biochemical properties of the CD11/CD18
integrins with the CRR mutations, and their response to activating
and inhibitory MoAbs, will be required to further understand the
regulatory mechanism of the CD11/CD18 integrins.

A summary of the comparative surface expression of the
CD11/CD18 integrins on the leucocytes of the three LAD patients
and COS transfectants is shown in Table 2. Although the infor-
mation on the patients’ leucocytes is not complete, the surface
expression of a particular CD11/CD18 integrin, when detected on
a patient’s leucocytes, generally correlates with its expression on
COS transfectants with one notable exception. The CD18 with
either the C590R or R593C mutation supports CD11a/CD18
expression on COS transfectants, but the antigen was detected at a
significantly lower level on the leucocytes of GF and TB. The
CD11a/CD18 variants on COS transfectants are constitutively
active with respect to ICAM-1 adhesion and express the MoAb 24
epitope. We hypothesize that there may exist mechanisms specific
in leucocytes to down-regulate the expression of active integrins,
to be overcome when the leucocytes are stimulated to become
adherent. Thus, although the CD11a/CD18 antigens are only found
at low levels on the patient’s leucocytes, they may be stimulated, as
in the case of TB’s T cells upon culturing in phytohaemagglutinin,
to express up to 50% normal level of CD11a/CD18 [9]. These
mechanisms are absent in COS cells and the CD11a/CD18 antigen
is expressed irrespective of its activation state. Future experi-
mental work is required to test the validity of this hypothesis.

The results obtained from laboratory analyses can also be
correlated, in broad terms, with the clinical features of the LAD
patients, in particular with GF and TB. GF has a mild LAD
phenotype, and her infections are generally kept under control
with antibiotics. It may be rationalized that her two CD18 mutant
alleles, C590R and A270V, support minimal expression of
functional CD11a/CD18 and CD11c/CDI18, respectively, and
collectively provide her with a limited scope of CD11/CDI18
mediated activities. TB had a moderate LAD phenotype. His T
cells can be stimulated to express 50% of normal level of CD11a/
CD18. In addition, many lymphocyte functions can be detected
with TB’s cells and they were inhibited by MoAbs against CD11a/
CD18 [9,10], suggesting that the CD11a/CD18 expressed on his
lymphocytes was functional. This is consistent with the laboratory
finding that the R593C mutation can support CD11a/CD18
expression and adhesion, though qualitatively different from that
of the wild type. HM’s neutrophils expressed CD11b/CD18 at
about 1% that of normal, which is reflective of their diminished
capacity to adhere to fibrinogen, vitronectin and laminin [8]. This
observation is consistent with the CD18 mutation A341P which
showed minimal support of CD11b/CD18 expression (Fig. 1).
Unfortunately, the full CD11/CD18 expression profile of HM’s
leucocytes was not obtained when available.

© 2001 Blackwell Science Ltd, Clinical and Experimental Immunology, 126:311-318



CD18 mutations in LAD with residual activities 317
Table 2 Summary of CD11/CD18 expression on leucocytes of LAD patients and COS transfectants
CD11/CD18 expression (% of normal)
Patients and mutations* Cells CD18 CDl1a CDl11b CDl11c
GF (A270V/C590R) Neutrophils 2-8 2-11 0-7 45
Monocytes 0-2 0-4 0-6 12
Lymphocytes 1-2 0-3 NAT NA
COS (A270V)* 2 17 25 (R)§
COS (C590R) 41 (CA 1 23 (R)
HM (A341P/C534%) Neutrophils NA NA 1 NA
Monocytes NA NA NA NA
Lymphocytes NA NA NA NA
COS (A341P) 12 (R) 1 4
TB (R593C) Neutrophils 11-12 2-9 2-7 21
Monocytes 0 0 0 0
Lymphocytes 0 0 NA NA
COS (R593C) 41 (CA) 6 16 (R)

*CDI11/CD18 expression data on GF’s leucocytes were collected and analysed aperiodically since 1994. Only CD11b/CD18 expression data on HM’s
neutrophils were available [8]. The data on TB were from [10]. A270V and A341P mutations are located in the HCR and the C590R and R593C mutations

in the CRR. CD18 with the C534* is not detected at the mRNA level.
TNA: not available.

+COS cell expression values were obtained from the percentage value of the expression indices (Fig. 1) of the mutant transfectants with reference to the

wildtype transfectants.
§R: residual ligand adhesion activities detected.

We have shown that mutations in both the HCR and major
CRR can affect CDI8 in its ability to support CD11/CDI18
expression and function, and that the different CD18 mutants
interact differently with the CD11a, CD11b and CD11c subunits.
These results have provided the biochemical link necessary to
correlate the different mutations to the diverse clinical phenotypes
among the LAD patients, and insights into the contribution of the
HCR and the major CRR in heterodimer expression and functions
of the CD11/CD18 integrins.
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