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Key Clinical Message
Partial leukocyte adhesion deficiency type 1 (LAD- 1) deficiency is extremely rare 
condition with milder infectious manifestation and immune system imbalance 
leads to increased risks of autoinflammatory complications, such as pyoderma 
gangrenosum, that can be triggered by trauma or pregnancy. In patients with 
spice- site ITGB2 variants, partial expression can occur due to different β2 integrin 
isophorms expression.

Abstract
LAD- 1, OMIM ID #116920 is a rare, autosomal recessive disorder that results 
from mutations in the ITGB2 gene that encodes the CD18 β2 integrin subunit. 
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1  |  INTRODUCTION

Leukocyte adhesion deficiency type 1 (LAD- 1) is the most 
common form of LAD but is nonetheless extremely rare 
with about 450 unique cases described in the last half 
century.1– 5 Most cases of LAD- 1 exhibit life- threatening 
symptoms. Patients often manifest with delayed sep-
aration of the umbilical cord, poor wound healing, leu-
kocytosis, recurrent bacterial and fungal infections, 
periodontitis, sepsis, and other inflammatory conditions 
due to impaired polymorphonuclear neutrophils (PMN) 
migration.6 Current treatment strategies for LAD- 1 are 
limited. Antibiotic therapy is commonly used to prevent 
recurrent infections but usually has adverse side effects. 
Most patients with LAD- 1 die in childhood due to recur-
rent infection and delayed wound healing; few patients 
survive to adulthood.

Mild-  and moderate phenotype patients have better 
survival, though patients not undergoing hematopoietic 
stem cell transplantation (HSCT) have a high risk of non- 
infectious complications. Since LAD- 1 is a rare disease, 
and partial deficiency is even more rare, non- infectious 
complications are mentioned only in few case reports 
and include malignancies, such as M7 acute myelocytic 
leukemia, diffuse large B- cell lymphoma,7,8 autoimmune 
disorders,9– 11 and inflammatory complications, the most 
common of which is pyoderma- like skin lesions.12– 19

Partial CD18 expression is usually associated with 
missense or splice site mutations in ITGB2 gene.2,5,20,21 
Additionally, somatic revertant mosaicism was described 
in four unrelated patients, three or them from a single 

center, suggesting that it may be relatively common event 
for this disorder.22,23

Here, we report on clinical case of adult female with 
LAD- 1 deficiency and variable partial expression of CD18 
β2 integrin subunit. Some dermatological aspects and surgi-
cal treatment details were published before,24 but in current 
report, we present the full clinical story since childhood to 
present days, genetic conformation of LAD I diagnosis and 
study of CD18 expression in different patient's age.

2  |  CASE PRESENTATION

2.1 | Clinical history

The patient was the second child of the West- Ukrainian 
family, full- term, and vaginally delivered with a birth 
weight of 3350 g. Her umbilical cord fell off normally and 
the umbilical wound healed without features.

At 4 months, the patient presented with pneumonia 
and paronychia; at 5 months, she manifested atopic der-
matitis, complicated by streptoderma, followed by abscess 
and keloid scars formation; and at 9 months, she had an 
episode of sepsis, stomatitis, mastitis, carditis, and furun-
culosis. Each of these presentations was accompanied by 
leukocytosis in the range of 17,000– 25,000/mm3 (normal 
range— 5500– 12,000/mm3). Her clinical picture prompted 
an immunologic evaluation, and the absence of adhesion 
molecules CD18/CD11b on granulocytes was confirmed 
by flow cytometry at the age of 2 years, establishing the 
diagnosis of LAD- 1.

According to the CD18 expression, LAD- 1 is categorized as severe (<2%), mod-
erate (2%– 30%), or mild (>30%). Here, we describe a 22- year- old female, who 
presented with inflammatory skin disease and oral cavity, as well as respiratory 
tract infections during the first year of life. LAD- 1 was diagnosed at the age of 
2 years by low expression of CD18 (1%). Whole- exome sequencing identified ho-
mozygous c. 59- 10C>A variant in the ITGB2 gene. Despite severe phenotype, the 
patient survived to adulthood without hematopoietic stem cell transplantation 
and became pregnant at the age of 20 years, with pregnancy complicated by a 
pyoderma gangrenosum- like lesion. During her life, CD18 expression increased 
from 1% to 9%; at 22 years of age, 5% of neutrophils and 9% of lymphocytes were 
CD18+. All CD18+- lymphocytes were predominantly memory/effector cytotoxic 
T cells. However, revertant mosaicism was not being established suggesting that 
CD18 expression variability may be mediated by other mechanisms such as dif-
ferent β2 integrin isophorms expression.

K E Y W O R D S

CD18 expression, leukocyte adhesion deficiency, pregnancy, pyoderma gangrenosum
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Starting at 1 year of age, the girl had 1– 2 annual ep-
isodes of bacterial skin infections with the formation of 
ulcers on the skin that took a long time to heal, recurrent 
aphthous stomatitis, bronchitis and upper respiratory tract 
infections, without life- threatening infections. Prescribed 
antibiotic prophylaxis was not followed carefully by pa-
tient's family. At the age of 14 years, the patient suffered 
from sepsis: septicemia, acute hematogenous osteomyeli-
tis, periosteal phlegmon, and bilateral pleuropneumonia. 
She responded well to treatment with oral and intrave-
nous antibiotics along with surgical management of some 
of skin lesions. Concentrations of serum immunoglob-
ulins A, M, and G were normal during these events, but 
after her recovery from severe episode intravenous immu-
noglobulin was added to supplement antibiotic therapy. 
At the age of 17 years, she had a body mass index of 28.4 
(height 163 cm, weight 75.5 kg). She suffered from chronic 
progressive periodontitis and periodically has mild pustu-
lar skin lesions.

At the age of 20 years, she become pregnant. At 8 weeks 
of gestation, a papule appeared on the patient's left leg that 
rapidly progressed to necrotic ulcerations with fever and 
leukocytosis (39,000/mm,3 normal range— 4000– 9500/
mm3) (Figure 1A,B). At 17 weeks, the papule evolved into 
a large ulcer on the front, medial, and lateral surfaces of 
the left thigh, with a purple and undermined edge, cov-
ered with necrotic tissues and fibrin, measuring 32 × 28 cm 
(Figure  1C). Skin biopsy was not performed because of 

the patient's lack of consent for this procedure, due to 
severe associated pain. Therefore, a clinical diagnosis of 
pyoderma gangrenosum (PG)- like lesion was established. 
Therapy was started with prednisolone 0.6 mg/kg daily 
and cyclosporine 4.6 mg/kg daily. During the first 3 weeks, 
the prednisolone dose was tapered to 0.15 mg/kg daily and 
cyclosporine dose was increased to 5.4 mg/kg daily be-
cause of low serum levels. The wound was dressed with 
an antimicrobial hydrofiber dressing and changed once a 
day because of the large amount of effusion and necrotic 
tissue. Additional therapy included physiotherapy, eryth-
rocyte concentrate transfusion, and supplementation of 
albumin, vitamins, and minerals. The ulcer stabilized and 
pain reduction was achieved within the first few days of 
treatment. Thereafter, slight epithelialization appeared at 
all edges and the wound began to decrease and shrink to 
24 × 27 cm in 3 weeks. During the follow- up visit at the 7th 
week of treatment, a further clinical improvement was 
observed with a reduction of the ulcer size to 15 × 21 cm 
and white blood cell count to 20,800/mm3 (+22 week, 
Figure 1D,E). Cyclosporine and prednisolone dosing was 
further reduced to 3.8 mg/kg. Details of dermatological as-
pects and treatment were published in.24

Pregnancy resolved with the birth of a full- term baby 
boy with no health problems. After delivery, the woman 
continued to receive immunosuppression with glucocor-
ticosteroids with a gradual decrease in dosing to prednis-
olone 10 mg/day and cyclosporine 100 mg twice daily. The 

F I G U R E  1  Evolution of the skin 
lesions on the left thigh within pregnancy. 
(A) Lesion on the left thing (+8 weeks 
of pregnancy); (B) disease progression, 
treatment with imipenem/cilastatin, 
linezolid, levofloxacin, ornidazole and 
fluconazole is unsuccessful (+8 weeks 
of pregnancy); (C) large ulcer on the 
front, medial, and lateral surfaces of the 
left thigh, covered with necrotic tissues 
and fibrin, before surgery (+17 weeks of 
pregnancy); (D– F) wound healing after 
surgery followed by cyclosporine and 
prednisolone treatment (+19– 39 weeks 
of pregnancy); (G) scar after complete 
healing of wound on the left thigh 1 year 
and 8 months after baby delivery. (H, I) 
New foci of gangrenous pyoderma (2, 3) 
on the lower limbs.

(А) (B) (C)

(D) (E) (F)

During pregnancy

Postpartum follow up
(G) (H) (I)
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main wound healed, but small new lesions have inter-
mittently appeared on her extremities with slow healing 
during the past year, leading to adjustments in the pred-
nisolone dosage (Figure 1F).

HSCT was considered as a treatment option in Ukraine. 
Unfortunately, related family donor was not identified. The 
beginning of the war in February 2022 forced the patient to 
move to Poland for further treatment. The wound on the 
left thigh healed, but new foci of gangrenous pyoderma 
(2– 3) constantly appeared on the lower limbs with periodic 
healing and the appearance of new ones (Figure  1G– I). 
Enterococcus faecalis was cultured from the wound. The girl 
also had paronychia of the thumb, from which Pseudomonas 
aeruginosa, Citrobacter youngae were isolated. P. aeruginosa 
was also isolated from the throat and perianal area.

Leukocytosis is persistent (from 24,270/mm3 to 12,230/
mm3). She received several courses of antbiotics, antivi-
rals, and antifungals, the dose of glucocorticoids was in-
creased, and she continued to receive cyclosporine and 
local treatment of wounds. Subsequently, cyclosporine 
was discontinued due to side effects from the kidneys.

The patient returned to Ukraine, further management 
is decided, taking into account the condition of the patient 
and the difficult external circumstances associated with 
the war and limited resources. She is currently receiving 
subcutaneous immunoglobulin, trimetoprim/sulfametox-
azole, prednisolone 5 mg/day. It should be noted that the 
patient's child is currently 1 year and 8 months old. The 
boy is healthy.

2.2 | Laboratory findings (genetic 
testing and CD18 expression studies)

Whole- exome sequencing revealed homozygous variant 
NM_000211.5: c.59- 10C>A in the ITGB2 gene on chromo-
some 21 (NC_000021.8: g.46330297G>T). This variant is 
in the intronic region that is 10 bp upstream from exon 3, 
which was predicted to influence the alternative splicing 
at 3′ acceptor site. In fact, Cher et al. has shown by RT- 
PCR that this variant change has resulted in an alterna-
tive transcript with an insertion of 43 bp intronic sequence 

F I G U R E  2  (A) CD18 expression on lymphocytes and neutrophils in different patient's ages; (B) all CD18+ lymphocytes are CD3+CD8+ 
positive, about 30% of all CD8+ T- cells were CD18+; (C) CD3+CD8+ CD18+ cells phenotype, expression of CD45R0, HLA DR and CD56, back 
gating and multigating techniques were used to assess coexpression of multiple cell surface markers on CD18+ lymphocytes; (D) sequencing 
of sorted CD18b right and CD18 negative lymphocytes subsets. Both subsets are homozygous for c.59- 10C>A.
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that leads to premature termination. This variant has been 
reported previously in an LAD- I patient and shown to re-
sult in a premature stop codon (p.C19_V20ins11X12).25

At the moment of diagnosis at the age of 2 years and 
further with a re- examination at 14 years, CD18 expres-
sion on PMN was 1% and 1.5%, correspondently, which 
is consistent with severe LAD- 1. However, the clinical 
picture did not match these results, such low expression 
would lead to more severe and frequent infectious epi-
sodes. For this reason, at the patient's age of 22 years, eval-
uation of CD18 expression on peripheral blood PMNs and 
lymphocytes were performed using flow cytometry and 
imaging flow cytometry. CD18- positive PMNs amounted 
to 4.9%. Unlike PMNs, lymphocytes demonstrated distinct 
CD18+ populations in addition to the major CD18- dim 
peaks (Figure 2A). All positive CD18+ lymphocytes were 
predominantly cytotoxic T cells, with a memory/effector 
phenotype (Figure  2B,C, for imaging flow cytometry— 
Figure  S1A,B). Additionally, T- cell receptor repertoires 
were investigated. The TCR Vβ repertoire of both the 
CD18+/CD8+ and CD18−/CD8+ T cells was analyzed by 
flow cytometry using commercially available monoclonal 
antibodies specific for 24 Vβ subfamilies, covering more 
than 70% of all TCRVβ families. All of the TCR Vβ sub-
families were expressed without underrepresentation or 
overrepresentation in both CD18+/CD8+ and in CD18−/
CD8+ cells (Figure S2A,B).

Somatic reversions of inherited mutations in inborn 
errors of immunity are typically associated with milder 
clinical phenotypes. Given that patient had survived into 
adulthood, we hypothesized that her CD18+ cytotoxic T 
lymphocytes may have had somatic reversion, leading to 
her milder phenotype. Genomic DNA was obtained from 
sorted CD18+ and CD18− lymphocytes the patient's pe-
ripheral blood. Mutation site– specific amplification and se-
quencing were performed. All of the CD18−/+ clones from 
the patient were homozygous for c.59- 10C>A (Figure 2D).

Because of the homozygosity of the inherited original 
mutation p.C19_V20ins11X12, neither gene conversion 
nor crossing over could be the mechanism.

3  |  DISCUSSION

We describe a Slavic adult female LAD I patient with vari-
able CD18 expression during her lifetime and whose preg-
nancy was complicated by a PG- like disorder. This is a 
highly unusual case, as we found only a single prior men-
tion of non- complicated pregnancy and delivery in an LAD 
I deficient woman.13 Since the average lifespan of patients 
with mild phenotype is about 40 years old,3 pregnancy in 
this group of patients is possible, and it is important for 
clinicians to be aware of its potential complications.

PG is severe skin disorder that predominantly occurs in 
adult patients with systemic underlying conditions (auto-
immune, malignancies etc.). Pediatric manifestations are 
uncommon and often associated with autoinflammatory 
disorders such as Pyogenic Arthritis, Pyoderma gangre-
nosum and Acne syndrome.26 In some cases, pyoderma 
may occur with other, non- autoinflammatory primary 
immune deficiencies, such as chronic granulomatous dis-
ease27 and LAD- 1. PG in LAD I deficient patients is often 
characterized as PG- like disorder due to non- typical his-
tology with reduced neutrophil infiltrations compared to 
classical PG.16

There are only 14 published cases of PG- like necrotic 
lesions in LAD- 1 deficient patients (Table  1). All of 
them have mild to moderate disease severity and resid-
ual CD18 expression. PG presented as unique episodes 
in some patients and in others had a relapsing course. 
Often trauma is a trigger for PG. In this patient, there was 
no history of trauma and PG was associated with preg-
nancy. In otherwise healthy patients, PG is a rare preg-
nancy complication, with only 26 cases published with 
the majority occurring between the second trimester and 
postpartum.28 Increased granulocyte colony- stimulating 
factor levels in pregnant woman can contribute to neu-
trophil activation and an aberrant inflammatory re-
sponse. As some patients with mild to moderate LAD- 1 
deficiency can develop aberrant inflammation, we sus-
pect that pregnancy in LAD- 1 women may lead to an 
even higher risk of PG.

Patients with partial CD18 expression are present in 
almost in all published cohorts of LAD- 1 deficiency (in 
an Indian cohort about 16% of all LAD- 1 deficient pa-
tients had >2% of CD183). Usually these patients have 
mild to moderate phenotypes that correspond to partially 
functioning β- integrins. According to cohort studies that 
match partial CD18 expression with mutation type, mis-
sense or splice site mutations are prevalent in mild to 
moderate phenotype cohort (about 80%).2,20 In addition, 
four unrelated patients with somatic reversion in distinct 
population of CD8 T- cells have been described, with only 
one TCRVb clone prevailed in the CD8+CD18+ T- cell 
subset.22,23

Due to severely diminished CD18 expression in child-
hood and the presence of a CD8+CD18+ T- cell subset, we 
suspected revertant mosaicism, but all CD18+ lympho-
cytes carried the homozygous mutation, disproving this 
hypothesis. CD18 has 13 potential isoforms (https://www.
unipr ot.org/unipr ot/P05107). As some patients with splice 
site mutations have partial CD18 expression, this may be 
related to alternative splicing. We suspect that CD18 iso-
forms that capable to binding monoclonal antibodies are 
present, and according to clinical course of the disease, 
these isoforms can be partially functional.

 20500904, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ccr3.7791 by C

ochraneB
ulgaria, W

iley O
nline L

ibrary on [02/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.uniprot.org/uniprot/P05107
https://www.uniprot.org/uniprot/P05107


6 of 9 |   BONDARENKO et al.

T
A

B
L

E
 1

 
D

em
og

ra
ph

ic
, c

lin
ic

al
, l

ab
or

at
or

y,
 a

nd
 g

en
et

ic
 c

ha
ra

ct
er

is
tic

s o
f a

ll 
re

po
rt

ed
 L

A
D

- 1
 p

at
ie

nt
s w

ith
 p

yo
de

rm
a 

ga
ng

re
no

su
m

- li
ke

 d
is

or
de

r.

#
C

ou
nt

ry
G

en
de

r
M

ut
at

io
n

A
ge

 o
f 

di
ag

no
si

s
C

D
18

 e
xp

re
ss

io
n 

(n
eu

tr
op

hi
l)

Py
od

er
m

a 
m

an
if

es
ta

ti
on

T
ri

gg
er

O
ut

co
m

e
O

th
er

 c
lin

ic
al

 d
at

a
R

ef
er

en
ce

1
N

et
he

rl
an

ds
M

al
e

n/
d

n/
d

A
bo

ut
 1

0%
Si

nc
e 

1s
t y

ea
r

n/
d

R
es

ol
ve

d
In

fe
ct

io
ns

 (p
ne

um
on

ia
, 

ot
iti

s, 
si

nu
si

tis
)

K
er

kh
of

 e
t a

l.13

2
Fe

m
al

e
n/

d
n/

d
A

bo
ut

 1
0%

Si
nc

e 
1s

t y
ea

r
n/

d
Fa

ta
l (2
8 y

ea
rs

)
Pr

eg
na

nc
y,

 h
ea

lth
y 

so
n,

 in
fe

ct
io

us

3
M

al
e

n/
d

n/
d

A
bo

ut
 1

0%
7 y

ea
rs

n/
d

R
es

ol
ve

d
In

fe
ct

io
ns

 a
nd

 
ps

or
ia

si
fo

rm
 

de
rm

at
os

is

4
U

K
Fe

m
al

e
n/

d
5 y

ea
rs

Lo
w

 (%
 n

ot
 

in
di

ca
te

d)
4 y

ea
rs

n/
d

R
es

ol
ve

d
n/

d
Be

dl
ow

 e
t a

l.14

5
U

SA
M

al
e

c.
 3

14
T>

C
:p

.
Le

u1
05

Pr
o 

(h
om

)
11

 ye
ar

s
40

%
Si

nc
e 

3 y
ea

rs
Tr

au
m

a/
un

kn
ow

n
R

es
ol

ve
d

In
fe

ct
io

us
 e

pi
so

de
s

H
in

ze
 e

t a
l.17

6
Is

ra
el

Fe
m

al
e

n/
d

n/
d

1%
 (a

t t
he

 m
om

en
t 

of
 p

yo
de

rm
a)

13
 ye

ar
s

n/
d

R
es

ol
ve

d
H

SC
T 

in
 1

2 m
, h

ea
lth

y 
be

fo
re

 1
3 y

ea
rs

 o
ld

El
en

be
rg

 e
t a

l.18

7
U

SA
M

al
e

p.
 L

ys
19

6T
hr

/p
. 

A
rg

59
3C

ys
3 y

ea
rs

Pa
rt

ia
l d

ef
ic

ie
nc

y 
(%

 u
nk

no
w

n)
11

 ye
ar

s (
re

la
ps

ed
, 

20
y 

hi
st

or
y)

Tr
au

m
a/

un
kn

ow
n

R
es

ol
ve

d
In

fe
ct

io
ns

N
or

d 
et

 a
l.12

8
In

di
a

M
al

e
IV

S1
0+

4A
>

G
4 y

ea
rs

48
%

Si
nc

e 
2 y

ea
rs

Tr
au

m
a/

un
kn

ow
n

R
es

ol
ve

d
In

fe
ct

io
ns

M
ad

ka
ik

ar
 

et
 a

l.19
9

Fe
m

al
e

IV
S1

0+
4A

>
G

11
 ye

ar
s

65
%

10
M

al
e

IV
S1

0+
4A

>
G

2 y
ea

rs
50

%

11
M

al
e

IV
S1

0+
4A

>
G

16
 ye

ar
s

19
%

12
Sw

ed
en

M
al

e
In

tr
on

 1
4+

1d
el

G
/

c.
13

0A
>

C
; 

p.
Th

r4
4P

ro

15
 ye

ar
s

9%
Si

nc
e 

3 y
ea

rs
 

(r
el

ap
se

d)
n/

d
R

es
ol

ve
d

R
ar

e 
in

fe
ct

io
us

 
ep

is
od

es
V

ah
lq

ui
st

 e
t a

l.15

13
U

SA
Fe

m
al

e
n/

d
18

 m
5%

– 1
0%

9 y
ea

rs
Tr

au
m

a
R

es
ol

ve
d

n/
d

Si
m

ps
on

 e
t a

l.16

14
U

kr
ai

ne
Fe

m
al

e
p.

C
19

_V
20

in
s1

1X
12

 
(h

om
)

1 y
ea

rs
1%

– 5
%

20
 ye

ar
s

Pr
eg

na
nc

y
Tr

ea
te

d
In

fe
ct

io
us

 e
pi

so
de

s
C

ur
re

nt
 c

as
e,

 
al

so
 p

ub
lis

he
d 

O
pa

liń
sk

a 
et

 a
l.24

A
bb

re
vi

at
io

ns
: H

om
, h

om
oz

yg
ou

s; 
H

SC
T,

 H
em

at
op

oi
et

ic
 S

te
m

 C
el

l T
ra

ns
pl

an
ta

tio
n;

 m
, m

on
th

s; 
n/

d,
 n

o 
da

ta
; y

 =
 ye

ar
s.

 20500904, 2023, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ccr3.7791 by C

ochraneB
ulgaria, W

iley O
nline L

ibrary on [02/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



   | 7 of 9BONDARENKO et al.

Although we excluded revertant mosaicism, we ac-
knowledge the limitations of used laboratory methods 
range; therefore, even alternative splicing is the only 
possible explanation for partial CD18 expression, the 
presence of other isoforms in current case has not been 
experimentally proved.

4  |  CONCLUSION

Partial LAD- 1 deficiency is extremely rare disorder, that 
characterized mild or moderate clinical phenotype with 
reduced frequency and severity of infections, but these 
patients may still be at risk for autoimmune and autoin-
flammatory complications, the most common is PG- like 
skin lesions. In current case, somatic reversion as one of 
the mechanisms capable of explaining partial expression 
in a particular cell population has not been confirmed. 
Since the patient has a mutation at the splice site, partial 
CD18 expression might be caused by alternative splicing 
mechanisms. Given the “relatively mild” disease course, 
we suspect that production of partially functional СD18 
isoforms that capable to binding monoclonal antibodies 
takes place.
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