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Abstract

Background: Leukocyte adhesion deficiency type 1 (LAD1) is an autosomal recessive disorder caused by reduced expression or
function of CD18. It was well accepted that LAD1 resulted from mutations in the gene for the integrin 2 subunit.

Methods: We reported a moderate LAD1 patient with 2 novel /TGB2 mutations, and further investigated the role of the 2 mutations
on the expression and function of CD18 by gene transfection.

Results: The 2 novel mutations included a frameshift deletion viz ¢.954G del, which was considered as a major pathogenic gene
for the patient, and a missense mutation viz c.1802C>A (Cys601Phe), which caused a damaging effect on the ITGB2 protein.
There was no significant difference in protein expression between 293 T cells with mutant /TGB2 p.601C>F and 293 T cells with
wild type ITGB2. When investigating the cellular location of the mutant ITGB2 in Hela cells, we found that the mutant ITGB2
(p.601C>F) protein could not locate to the cell membrane. This indicated that the mutant ITGB2 protein could not perform its
function at cell membrane level.

Conclusion: The 2 novel /TGB2 mutations affected the expression and function of CD18 and might be pathogenic genes for LAD1.
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Introduction

Leukocyte adhesion deficiency (LAD) is an autosomal
recessive disorder caused by reduced expression/function
of CD18. This deficiency leads to severe impairment of
leukocyte adhesion to the vascular wall and leukocyte
migration to sites of infection and inflammation. LAD
includes three subtypes: LAD1, LAD2 and LAD3.
Among them, LAD1 is the most common although the
incidence of LAD1 in the population is extremely low,
with an incidence of 1/10 million.!

It was accepted that LAD1 (OMIM number 116920)
resulted from mutations in the integrin 32 subunit gene
(Integrin B2, ITGB2, OMIM number 600065), which is
located on the long arm of chromosome 21q22.3 and
also known as the CD18 subunit of the CD11/CD18
leukocyte antigens.? B2 integrins exist as heterodimers
composed of oneachain (CD11a, CD11b, CD1lc or
CD11d) non-covalently linked to the 82 subunit (CD18).?
Combination of both CD11 and CD18 subunits was
essential to maintain their normal surface-membrane
expression and function.* Failure to produce a functional
32 subunit could result in defective membrane expression

of all 32 integrins, and thus generating abnormal adhesive

properties and the clinical features of LAD1.>

Defects in the ITGBZ gene affected leukocyte migration
mediated by adhesive interactions between leukocytes
and inflamed endothelial cells, which were critical for
defense against bacteria and wound healing. Hence,
LAD1 was characterized by leukocytosis, recurrent
infections, impaired pus formation and slow wound
healing,” The severity of infections and complications
was associated with severity of CD18 deficiency. Cases
with <1% expression were clinically severe, while those
with 2.5%-10% expression were moderate to mild.
Many LAD patients died at young age despite intensive
antibiotic therapy.*’

A range of mutations in the CD18 gene have been
identified in patients with LAD1.*" Few mutations
could cause a nonfunctional but normal expressed CD18
molecule. Most ITGB2 mutations lead to reduced/null
expression of B2-integrins on the leukocyte sutrface.”’
In the present study, we reported a moderate LAD1
patient and characterized 2 novel ITGB2 mutations in
the patient; one was a frameshift mutation (c.954G del),
and the other was a missense mutation (c. 1802C>A),
inducing cysteine replaced by proline (p.C601F). Also, we
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further investigated the role of the 2 mutations on the
expression and function of CD18.

Materials and Methods

Patient

The patient was a Chinese girl (Han nationality) born in
20006. Her parents wete not known to be related. At initial
diagnosis, detailed clinical history of the patient was
recorded. After informed consent from the parents of
the patient was obtained, 10 mL of blood was collected
in EDTA vacutainer from the patient and her parents
for hematological and molecular analysis onl8th of
December, 2014.

Flow Cytometric Analysis of CD18 Expression
Expression of CD18 was examined on peripheral blood
leukocytes by flow cytometry. Briefly, whole blood stain-
lyse-wash protocol was used for sample processing
and BD FACS lysing solution was used for erythrocyte
lysis. Then, the cells were stained for surface antigens
with a panel of monocolonal antibodies consisting of
PE-labeled anti-CD18 and y1-FITC isotype control
(BD Biosciences, Mountain View, CA, USA). Data
were acquired by FACS Aria flow cytometer (Becton-
Dickinson, San Jose, CA, USA) and analyzed using
the FACSDiva and the FlowJo v7.0.5 version software.
The percentage of positive fluorescent events and ratio
of median fluorescence intensity (MFI) of stained
to unstained were recorded for CD18 on monocytes,
lymphocytes and neutrophils.

Mutation Detection in the ITGB2 Gene

Extractions of genomic DNA from peripheral blood
of the patient and her parents were done using QlAamp
DNA mini kit (Qiagen Inc, Germantown, MD). PCR
amplification of 16 exons in the I'TGB2 gene (NCBI
Ref seq: NG_007270.2) was done using specific primers
covering 16 coding regions and exon-intron boundaries
of the ITGB2 gene. Purification of PCR products were
done using ExoSAP-IT (USB Inc, Staufen, Germany).
Big Dye terminator v3.1 cycle sequencing kit (Applied
Biosystems, Foster City, CA, USA) was used for DNA
sequencing reaction on automated DNA sequencer from
Applied Biosystems 3130XL. Genetic Analyzer (Applied
Biosystems, Foster City, CA, USA). Sequencher 5.0
software was used for the analysis of DNA sequenced
data. DNASTAR software was used for gene sequence
alignment. Effect of mutations detected was evaluated
using online prediction tools including PolyPhen-2, 23
Uniprot and HOPE. Both parents were tested for the
detection of carrier status for the mutation identified in

the index case.

Construction of the ITGB2 Expression Vector

ITGB2 cDNA vector obtained from Dharmacon
(BC005861) was used as the template to amplify the
ITGB2 coding sequence. PCR primer sequences were:
B2-CDS-F1/AsisI: 5’-gcgatcge ATGCTG GGCCTGC-
GCCCCCCAC-3% B2-CDS-B1/Mlul: 5-acgcgtACTCT-
CAGCAAACTTGGGGTTC. PCR product was then
ligated to pGEM-T vector (Promega). Four primers were
used to verify the ITGB2 coding sequence after TA clon-
ing: T7, SP6, B2-SEQ-F1 (5-AAGGAGAAAGA GTG-
CCAGCC-3’), and B2-SEQ-B1 (5>~ GCCACGACCAC-
TACACTCAA-3’). ITGB2 CDS fragment was isolated
by Mlul and Asisl digestion and then inserted into pC-
MVo6-entry to generate the final ITGB2 expression vec-
tor: pCMV6-entry-ITGB2. Missense mutation (ITGB2
p. 601 C>F) was introduced into pCMV 6-entry-ITGB2
using QuikChange Lightning site-directed mutagenesis
kit (Agilent). Mutagenesis primers were: MU-F (5’- ATG-
GCACTCGAATACGTTGCAGCGGCA CCG-3) and
MU -B (5>- CGGTGCCGCTGCAACGTATTCGAGT-
GCCAT-3).

Protein Expression Assay

Lenti-x 293 T cells were cultured in RPMI-1640 with 10
% FBS for up to 60 % confluence in 10-cm plates and
then transfected with 5 ug wild type or mutant ITGB2
expression vectors, individually. Twenty-four hours later,
cells from each plate were passaged to 6-well plates. After
12 hours, cells of each well were treated with 100 pg/mL
cycloheximide for 0, 2, 4, 6, or 8 hours before protein
collection. Western blotting was performed with anti-

FLAG antibody (M2, Sigma).

Cellular Location of WT and Mutant I'TGB2 in Hel.a
Cells

Hel.a cells were plated on 2 wells of 8-well chamber slides
with a density of 10000 per well. On the next day, 500 ng
of ecither wild type or mutant ITGB2 expression vectors
were transfected into Hela cells. Immunofluorescence
staining was performed 2 days after transfection. Briefly,
cells were fixed by 4% paraformaldehyde for 5 min.,
permeated in TBS (0.2% Triton X-100 in PBS) for 20
min., blocked by 4% goat serum in TBS for 30 min., and
then stained with anti-FLAG (M2, Sigma, 1:200) antibody
overnight at four degrees. Finally, cells were stained by
goat anti-mouse IgG secondary antibody conjugated
with Alexa Fluor 488 (ThermoFisher, A-11001, 1:1000)
and DAPI (1:1000) for 45 min. before observation with
confocal microscopy. The preparations were mounted
in Vectashield (Vector Laboratories) and analyzed with
an Olympus microscope using 409 or 609 objectives and
the Olympus FluoView software was used for processing

images.
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Results

Clinical and Laboratory Findings

The girl was 11 years old. She was born as a full-term
fetus with birth weight of 3500 g and height of 50 cm.
The childbirth process was smooth with Apgar score of
10 points. Diagnosis of LAD1 was confirmed based on
clinical and laboratory findings consisting of recurrent
severe infections (almost 1-2 times per month), impaired
pus formation and wound healing. She was admitted to
the hospital this time due to a fever lasting for 25 days.
Physical examination showed bilateral submandibular
lymphadenectasis, bilateral cheek swelling and swollen
gums, alveolar ridge atrophy, severe tooth agenesis
and loose teeth. When examined for hematological
parameters, the patient exhibited an elevated white blood
cell (WBC) count of 23.16 X 10° /L, neutrophils at 17.89
X 10° /L, lymphocytes at 4.45 X 10° /L, platelets at 338 X
10° /L, hemoglobin at 78.0 g/1., and CRP at 64.13 mg/I..
Etiological detection was negative for the EB virus, HIV
and Mycoplasma. The levels of immunoglobulins were;
IgG at 810.90 mg, IgM at 281.70 mg, IgA at 450.40

Figure 1. Teeth X-Ray Films of the Patient.

mg, and IgE at 67.48 mg. This patient did not accept
any hematopoietic stem cell transplantation. Dental
radiography showed multiple tooth agenesis (Figure 1).

Flow Cytometric Analysis of CD18 Expression

Flow cytometric analysis of expression levels of CD18
on patient monocytes, lymphocytes and granulocytes
showed significantly lower values compared to normal
controls (0.2% vs 99.0%, 0.6% vs 92.9%, 0.0% vs 99.9%,
as shown in Figure 2).

Genomic DNA Sequencing of ITGBZ Identified 2 Novel
Mutations

The 16 exons and intron-exon boundaries of [TGB2
from the patient and her parents were amplified using
PCR. Direct sequencing of the PCR products revealed
2 novel mutations (different from the reference ITGB2
genomic sequence): a frameshift deletion viz ¢.954G
del (chr21, 46319021) and a missense mutation viz
¢.1802C>A (Cys601Phe, chr21, 46309266). A compound
heterozygous mutation was observed in this patient
(954G del & 1802C/A). The frameshift mutation was
found in her father (954G del) but not in her mother.
The missense mutation (1802C>A) was not found in her
parents. It was accepted that frameshift mutations could
cause a marked change in protein sequences. Moreovet,
we found a stop codon shortly after the mutation ¢.954G
del resulting in the ITGBZ protein synthesis to be
terminated prematurely. Thus, the mutation ¢.954G del
was considered as the major pathogenic mutation in this
gene. As for mutation ¢.1802C>A, when compared with
the NCBI database, we found that p.601C was highly
conserved in different species, and PolyPhen-2 software
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Figure 2. Expressions of CD18 on the Surface of Leukocytes. A) The expressions of CD18 on the surface of leukocytes, lymphocytes and
neutrophils in the patient. B) The expressions of CD18 on the surface of leukocytes, lymphocytes and neutrophils in a healthy control.
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predicted that the protein structure changes caused by
this point mutation (c.1802C>A) were damaging (shown
in Figure 3).

Expression Assay for the Mutant Protein

To further investigate the expression stability of the
mutant protein, we generated a final ITGB2 expression
vector:  pCMVo6-entry-ITGB2.  Missense  mutation
(ITGB2 p.601C>F) was introduced into pCMVo6-
entry-ITGB2 and transfected into Lenti-x 293 T cells.
With Western blotting analysis, there was no significant
difference in the amount of protein expression between
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Figure 3. The Sequence of the 2 Novel Mutation in ITGB2.
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Figure 4. The Protein Expression of Mutant /TGB2 p.601C>F. There
was no significant difference in the amount of protein expression
between 293 T cells with mutant ITGB2 p.601C>F and 293 T cells
with wild type ITGB2 (P > 0.05).

293 T cells with mutant ITGB2 p.601C>F and 293 T cells
with wild type ITGBZ2 (shown in Figure 4).

Cellular Localization of WT and Mutant ITGB2 in HelLa
Cells

We further investigated the cellular location of WT and
mutant I'TGB2 in Hela cells. Compared with HeLa cells
expressing wild type ITGB2, mutant ITGB2 (p.601C>F)
protein was only expressed in the cytoplasm and could
not locate to the membrane of HeLa cell (Figure 5). This
indicated that mutant ITGB2 protein could not function
at the cell membrane.

Discussion

LAD1 is the most common leukocyte adhesion
deficiency and is caused by mutation in the B2 integrin
gene (ITGB2). Up to now, over 60 different mutations
in the ITGB2 gene have been identified. > In the
present study, we reported a female child with moderate
LAD1 and 2 novel mutations in the ITGB2 gene of this
patient: a frameshift deletion viz ¢.954G del, which was
considered as the major pathogenic gene for the patient,
and a missense mutation viz ¢.1802C>A (Cys601Phe),
which caused a damaging effect on ITGB2 protein.
Clinically, LAD-1 cases were subdivided into severe and
moderate. In the severe form of the disease (less than
1% expression of CD18), the prognosis was very poor
without hematopoietic stem cell transplantation. The
clinical presentation of the patient in the present study
could be categorized as a moderate form of LAD-1. It
was found that the severity of the symptoms and survival
directly associated with the amount of B2 integrins
expressed on the cell surface of leukocytes.'*!*

The integrins are a family of type I trans-membrane
glycoproteins composed of o and { subunits which
mediate cellular adhesive interactions throughout the
body. The B2 integrins are four heterodimeric proteins
composed of one o subunit coupled to a common {3 2
subunit.”™® Decreased expression of the common B2
subunit could lead to a decrease in expression of (32
integrins on the leukocyte surface. The B2 integrins
could mediate adhesion of leukocytes to other cells and
to extracellular matrix proteins and increase binding
of intracellular target proteins and downstream signal
transduction to cell proliferation and higher affinity for
their ligands.'"'®

In clinical cases, the B2 integrin gene (ITGB2)
mutation was mainly in exons 5 to 9 which encoded
the BA (I) domain. This domain was highly conserved
in all B integrin subunits and contributed to the ligand
binding pocket. Moreover, this domain was found to be
involved in the biosynthesis of integtin precursors.” Any
significant alterations in the amino acid sequence in this
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Figure 5. Cellular Location of WT and Mutant ITGB2 in HeLa Cells. Compared to HeLa cells with wild type ITGB2, mutant ITGB2 (p.601C>F)
protein only expressed in cytoplasm and could not locate to HeLa cell membrane.

region might have a deleterious effect on the expression
and functional activity of CD18 antigen.*

We considered that the first change, which led to a
frameshift deletion viz ¢.954G del and a premature
termination of the protein, could be responsible for the
LAD phenotype in the patient. The functional analysis
performed with blood cells of the patients supported the
diagnosis of LAD-1. The effect of the missense mutation
(Cys601Phe) on B2 integrin function was evaluated using
online prediction tools including PolyPhen-2. PolyPhen-2
predicted that this missense mutation affected (2
integrin function. CD18 regions were found to have
high degree of conservation and these regions were
critical for heterodimer formation.* Mutations within
the rigid cysteine-rich region might impair heterodimer
formation.”> To demonstrate that the mutated ITGB2
gene was the causative agent of LAD-1 in our patients,
we cloned the coding sequence for expression in
Lenti-x 293 cells and found that there was no significant
difference in the amount of protein expression between
293 T cells with mutant ITGB2 p.601C>F and 293 T
cells with wild type ITGB2. However, when investigating
the cellular location of the mutant ITGB2 in Hel.a cells,
we found mutant ITGB2 (p.601C>F) protein could not
locate to the HelLa cell membrane. This indicated that the
mutant I'TGB2 protein could not play its function at the
cell membrane.

Moreover, the patient had severe periodontitis with
generalized gingival inflammation and severe periodontal
bone loss on admission, which is one of the clinical
characteristics of LAD1. A recent report showed that
LAD1-associated oral disease was actually a microbe-

2 In humans,

induced hyperinflammatory response.”
LAD1 periodontitis was refractory to conventional
therapy and could result in loss of teeth and surrounding
alveolar bone. Moutsopoulos et al recently demonstrated

that the intetleukin-23 pathway was profoundly
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dysregulated in the absence of tissue neutrophils.”?
Interleukin-23 response induced by the local bacteria at
oral mucosa could be dysregulated and excessive in the
absence of tissue neutrophils.”*** They found that anti-
interleukin- 23 and anti-interleukin-17 could prevent
periodontal inflammation and bone loss in lymphocyte
function—associated antigen 1 (LFA1)— deficient mice.”
The success of ustekinumab in the treatment of our
patient’s periodontitis and chronic sacral wound further
supports this model.

In conclusion, we reported a moderate LAD1 patient
and found 2 novel mutations in the ITGB2 gene of
this patient: a frameshift deletion viz ¢.954G del and a
missense mutation viz ¢.1802C>A (Cys601Phe). The 2
mutations caused ITGB2 protein changes and affected
its function. Further investigations will focus on the
specific mechanisms of the 2 mutations affecting the
cellular location and function of the ITGB2 protein.
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