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Annotation

Introduction. Jacobsen syndrome (JS) is a rare genetic disease associated with the deletion of chromosome 11q, characterized by
multiple malformations, hematological and immune disorders. The development of immunodeficiency in J S is often underestimated,
which leads to recurrent infectious complications.

Presentation of a clinical case. The article presents a clinical case of a patient with a deletion of chromosome 11q and combined
immunodeficiency. Our patient had recurrent infections, cytopenic syndrome, combined immunodeficiency, as well as other
clinical manifestations of Jacobsen syndrome.

In addition to a decrease in serum immunoglobulins, a deep deficiency of the T-cell link of immunity with a low content of
T-lymphocytes, recent emigrants from the thymus, has been established.

Conclusions. The peculiarity of the presented clinical case is that with a relatively small amount of deletion 11q, the child realized
a complete clinical phenotype of the disease and a deep combined immunodeficiency. The article was written to improve doctors’
knowledge about this rare form of congenital immunodeficiency.
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AnHOTanusa

Brenenue. Cunapom SIko6eena (CS) — peakoe reernueckoe 3aboseBaHume, CBI3aHHOE ¢ Jiesierineil XpoMocoMbl 11q, Xapakrepusy-
011eecst MHOKECTBEHHBIMU TTOPOKAMU PA3BUTHST, FeMATOJIOTMYECKUMU M UMMYHHBIMU paccTpoiicTBaMu. Pazsutue umMmynozeduim-
ta ipu CS yacTo siByisieTcsi HeZIOOIEHEHHBIM, YTO IPUBOJIUT K PEIUIUBUPYIONINM HH(HEKITTOHHBIM OCJIOKHEHUSIM.

H3n03KeHne KIMHUYECKOro cayyasi. B crarbe 1puBe/IeHo KAMHIYeCKoe HabJII0/IeHNe NalMeHTa ¢ Aesierneil XxpoMocoMbl 11q 1 Kom-
OGUHMPOBAHHBIM UMMYHOAEDUITUTOM.

VY Haulero nanmMeHTa OTMEYAIMCh PELUANBUPYONIUE MHPEKIMHU, IUTOIIEHUYECKUI CUH/IPOM, KOMOMHUPOBAHHBII UMMYHOIE(DUIIUT,
a TakyKe JIpyrue KIMHUYeCKKe IposiBJeH st cuiapoMa SIkobcena. Kpome CHUKEHUST CBIBOPOTOUYHBIX KMMYHOTJIOOYJIMHOB, YCTAHOB-
JieH TryO6okuit geduit T-KJIeTOYHOrO 3BeHa MMMYHHUTETA ¢ HUBKMM cojlepykaHneM T-1uM@OIUTOB — HEJaBHUX SMUTPAHTOB U3
THUMYCA.

3akmouenne. OcoGEHHOCTHIO MTPE/ICTABIEHHOIO KIMHIYECKOTO CJIydast IBJASETCS TO, YTO NP CPABHUTEJIBHO HEOOBIIOM 00beMe
nestenun 11q y pebeHKa peannsoBajIcs MOJIHBIA KJIMHUYECKUii (heHOTHI 3a00/1eBaHNs 1 IyOOKUiT KOMOMHUPOBAHHbINA MMMYHO/e-

urmt. CraThs HalMCaHa U1 YJIydIIeHUs 3HaHUI Bpadell 06 9Toii peikoil (hopMe BPOKIEHHOTO UMMYHOIEPUIUTA.
KoueBbie cioBa: cuapom Skobcena, cumapom aesrerun 11q, KOMOGHHUPOBAHHDINH MMYHOAE(DHUITNT.

s wurupoBanus: Baporuesa JI1O, Bauuesa JIU, Kosbmoa HA. Cunipom Skobcena: oTyeT 0 KIMHUIECKOM ciiyuae. Awiepzonoeus
u ummyHonozus 8 neduampuu. 2024; 1: 27-35. https://doi.org/10.53529,/2500-1175-2024-1-27-35

INTRODUCTION. Jacobsen syndrome (JBS; MIM
147791), also known as the syndrome of terminal de-
letion 11q, is a rare genetic disease, caused by the loss
of continuous set of genes in the long arm of chro-
mosome 11 [1, 2, 3]. The disease occurs in 1 per 100
000, with a ratio of women to men 2:1 [4, 5]. 85 % of
recorded cases arise by mutation de novo [4].

Since the first description of Jacobsen syndrome
in 1973 there have been more than 200 recorded cas-
es, characterized by deletions and affecting telomeric
regions of chromosome 11. The size of the deletion
is 7-20 Mb and the proximal breaking point is in-
side or closer to the telomeric end of the sub-band
11q23.3 [6, 7, 8]. This terminal haploinsufficiency
might affect the function of more than 100 different
genes. The diagnosis of complete syndrome is estab-
lished when BSX, NRGN, ETS-1, FLI-1 and RICS
(ARHGAP32) genes are involved in the deletion.
Patients with smaller deletions have a partial pheno-
type [2, 6]. Variability of phenotype-genotype might
be associated with incomplete penetrance as well as
with other genes of interest, located on 11q, such as
TIRAP, FLI-1, NFRKB, THYN1 and SNX19 [9].

The disease covers a wide range of clinical man-
ifestations. Studies show that 97 % of patients have
from mild to severe mental retardation. The degree of
neurocognitive disorder is closely associated with the
size of the deletion [5, 10].
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Platelet abnormalities occur in 88,5-94% of cas-
es. There is noted neonatal thrombocytopenia that
may resolve with time, and platelet dysfunction of
long-lasting nature [11]. There is an increased number
of small megakaryocytes (micromegakaryocytes) and
their delayed maturation in the bone marrow [12].

Congenital heart defects, most often, defects of
the interventricular septum and left-side obstructive
lesions, are found in 56 % of patients, and they are
the most common cause of death [5, 7]. Hypoplastic
left heart syndrome, one of the most severe congeni-
tal heart diseases, is described in 5-10 % of patients
with Jacobsen syndrome (compared to 0,02 % in the
general population) [13]. Studies in humans and mice
showed that ETS-1 gene, located in a “cardiac critical
area” on the terminal part of chromosome 11, is the
cause of congenital heart disease [2, 13].

Craniofacial dysmorphism (> 40 %) is often man-
ifested in the form of trigonocephaly, ocular hyper-
telorism, strabismus, eyelid ptosis, coloboma of the
iris and wide nose bridge. There is skin syndactyly on
the hands, abnormal palmar crease and hypoplastic
thenar space. Feet are short, flat with syndactyly of
the 2nd and 3rd toes [5, 7].

In 2004 P. D. Grossfeld and colleagues conducted
the prospective analysis of 110 patients with the syn-
drome of terminal deletion 11q. There were no clear
signs of immunodeficiency, no recorded life-threaten-
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List of abbreviations/cnucok cokpamenuii:
BSX: brain specific homeobox
ETS-1: proto-oncogene 1, transcription
factor
FLI-1: proto-oncogene, ETS transcription
factor
JAM3:  junctional adhesion molecule 3
KREC: kappa-deleting recombination
excision circle
NFRKB: nuclear factor related to kappaB
binding protein
NRGN: neurogranin
RICS: Rho GTPase activating protein 32
SNX19: sorting nexin 19
THYN1: thymocyte nuclear protein 1
TIRAP: TIR domain containing adaptor
protein
TREC: T-cell receptor excision circle
ADP: adenosine diphosphate
IVIG: intravenous immunoglobulin
CHD: congenital heart disease
DIVS: defect of the interventricular septum
DISS: defect of the interstitial septum
IUGR: intrauterine growth retardation
DC: disturbed circulation
AS:  Apgar score
SCIG: subcutaneous immunoglobulin
JS:  Jacobsen syndrome
FC: functional class
CKD: chronic kidney disease

ing and (or) opportunistic infections in the studied
cohort. However, recurrent episodes of otitis media
and (or) sinusitis were frequent and observed in
42 out of 78 patients (54 %) [5].

The first immune defect, recorded in this syn-
drome, was antibody deficiency [14]. A number of
studies have noted a decrease in all classes of immu-
noglobulins (IgA, IgM, IgG) and disorder of specific
antibody formation in response to vaccination with
pneumococcal polysaccharide vaccine, which is typ-
ical for patients with common variable immunodefi-
ciency [15]. The mechanism by which the terminal
deletion of chromosome 11 contributes to the devel-
opment of immunodeficiency is not fully understood.
It is assumed that immunodeficiency occurs mainly

29

due to ETS (ETS-1) or FLI-1 gene loss. ETS-1 is
highly expressed in NK-cells, B- and T-lymphocytes
and involved in the development of NK-cells, differ-
entiation of T- and B-lymphocytes [16, 17, 18].

Only in 2020 the disease was considered as con-
genital immune system defect and included in the
classification of primary immunodeficiencies, namely
in the group of combined primary immunodeficiency
states with syndromic manifestations [19].

DESCRIPTION OF THE CLINICAL CASE

Here we present a clinical case of a patient aged
7 with diagnosed Jacobsen syndrome. The patient’s
parents gave consent to the use of information, in-
cluding the child’s photo, in research and publication.

The boy K. Was born from the second pregnan-
cy, second birth, in the 37th week of gestation. Heart
disease was recorded parenterally at 18 weeks. Birth
weight is 2030 g, length — 46 cm, AS (Apgar score) —
7/8 points. Tetralogy of Fallot is diagnosed in the ne-
onatal period (aortic dextroposition, membranous
ventricular septal defect up to 6,9 mm, secondary de-
fect of interatrial septum up to 5,0 mm, interventricu-
lar septum hypertrophy). Circulatory failure — 1B.
FC 2 (NYHA). There is intrauterine growth retarda-
tion of grade III, abnormalities of the facial skeleton.
Radical correction of double-outlet right ventricle
was carried out at the age of 10 months.

Due to congenital anomaly, the child has been ex-
amined by a geneticist, inherited metabolic diseases
are excluded, the normal male karyotype is estab-
lished (46 XY), dysplastic phenotype has been ascer-
tained: facial dysmorphism, trigonocephaly, hyper-
telorism, antimongoloid slant, ptosis, highly arched
palate, anomaly of the external auditory canal on the
left, sparrow chest (fig. 1).

Psychomotor retardation, restless behaviour, sleep
disruption and autoaggression were observed from
the first month of life. The patient was observed by
the neurologist with the diagnosis “Symptomatic
epilepsy”. Mental retardation. Behavioral disorders.
Alalia. At the age of 7 the patient has sign language,
says single words, does not fix attention; there is mo-
tor awkwardness and a significantly limited scope of
actions.

Polycystic left kidney, 1-2 degree of chronic kid-
ney disease, is diagnosed at the age of 5. At an early
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Pnc. 1. MpuaHaku nuuesoro agucmopdunama: TpuroHowue-
danuq, Lmpokasa nepeHocuLa, rMNepTesopmsm
rnas, nTo3, HU3KO NOCaXXEHHbIE YLLIHbIE PAKOBU-
Hbl, TOHKas BEpXHAs ryéa

Signs of facial dysmorphic disorder: trigono-
cephaly, wide bridge of the nose, hypertelorism
of the eyes, ptosis, low-set auricles, thin upper
lip

Fig. 1.

age the by experienced frequent respiratory infec-
tions — ARVT (up to 9 times per year), pleural and
purulent otitis media, bronchitis, poor weight gain.
Till the age of 3 there were 4 reported episodes of pu-
rulent otitis; he was hospitalized twice with broncho-
pneumonia, got repeated antibiotic therapy (at least
4 per year). From 1 year 4 months complete blood
count has revealed thrombocytopenia in the range of
78-88*10%/1, leukopenia — 3,3—1,6%10%/1. At the age
of 3 the boy came to the attention of the allergist-im-
munologist of the Regional Children’s Clinical Hos-
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pital in Stavropol, there was a significant reduction in
TREC (T-cell receptor excision circle) rates, all pop-
ulations of T-lymphocytes, hypoimmnoglobulinemia
(Table 1). Given a distinctive phenotype, primary im-
munodeficiency, DiGeorge syndrome, was suspected.
However, parathyroid hormone and ionized calcium
were within reference values. Substitution therapy
with intravenous immunoglobulins (IVIG) was in-
itiated, followed by subcutaneous immunoglobulin
(SCIG); preventive antimicrobial therapy (cotrimox-
azole, fluconazole, azithromycin) was prescribed.

To clarify the diagnosis in FSBI Rogachev Nation-
al Medical Research Center of Pediatric Hematology,
Oncology and Immunology, fluorescence in situ hy-
bridization FISH on chromosome 22 was conducted,
however, 22q11.2 deletion was not found. The child’s
blood was sent for NGS-sequencing (next generation
sequencing), “immunological panel”. There was a
two-fold reduction in reads of all FLI-1 gene exons,
localized on chromosome 11 that pointed to deletion
of one of the two gene copies. When specifying the
size of the defect by molecular genetic microarray,
there was identified terminal deletion on the region
of chromosome 11 11q24.2q25 at a size of 10084933
base pairs with coverage of 44 genes in the imbalance
region as well as microduplication of chromosome 16
16p13.11 at a size of 14435773 base pairs (31 genes)
and chromosome 22 22q13.31q13.33 with a length
of 6730554 base pairs (52 genes) that indicated an
unbalanced translocation between 77¢ and 22q with
high probability. The child got the confirmed rare
syndromal immunodeficiency: Jacobsen syndrome.
Paris-Trousseau thrombocytopenia. The number of
genes in the imbalanced region included the genes,
responsible for the development of immune responses
(TIRAP, FLI-1, JAM3).

In order to estimate our patient’s immune dys-
function, we have analyzed levels of immunopheno-
typing and serum immunoglobulins during the 4-year
follow-up (Table 1). There is a critical decrease in
TREC and KREC (“BT test” (“Generium”, Russia)),
persistent T-cell immunodeficiency with a decrease in
the level of total T-lymphocytes, T-helper cells, T-cy-
totoxic lymphocytes. A reduction in naive T-helper
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Table 1.

Jacobsen syndrome
Tabnuua 1.

c cuHgpomom dkobceHa
Indicators 3 years 5years
Leukocytes* 109/ 3,8 2,23
Lymphocytes/ul 1216 820
T-cell CD3*/ul 510 500
Helper T-cell CD3*CD4"/ul 310 300
Naive helper T-cell 465
CD3"CD4"CD45"CD197-/ul '
Memory helper T-cell 153
TEMRA CD3*CD4*CD45°CD 197 /ul ’
Cytotoxic T-cell CD3*CD8*/ul 150 140
Naive cytotoxic T-cell
CD3*CD8'CD45°CD197*/ul 34,1
Memory cytotoxic T-cell
TEMRA CD3*CD8*CD45'CD197-/ul 58,7
B-cell CD19/ul 280 100
Naive B-cell IgD*IgM*CD27-/ul 75
Switched memory B-cell 5
IgD IgM~-CD27/ul
NK-cell CD16*CD56"/ul 360 250
TREC/ul 1,9 2,9
KREC/ul 48,1 36
I9A (g/1) 0,31 0,27
IgM (g/I) 0,34 0,17
19G (g/1) 2,9 5,52
Platelets*10%/I 60 80

cells and T-cytotoxic T-lymphocytes as well as naive
B-lymphocytes and switched memory B-lymphocytes
(Switched memory B-cell) was shown. The reduction
of these indicators was combined with hypoimmuno-
globulinemia.

Levels of B-lymphocytes, serum IgA and IgM re-
mained low throughout the follow-up period. IgG
levels were normalized due to regular replacement
IVIG/SCIG therapy.

Investigation of subpopulations T-, B-lymphocytes, immunoglobulins and platelets in a patient with

UccnepoBaHue cyononynauuii T- u B-numdpountoB, UMMYHOrn1o0yanMHOB 1 TPOMOGOLIMTOB y NaumeHTa

6 years 7 years Norm

8.3 6,1-9,9
590 1,2 1,5-7,0
650 420 900-4500
460 290 500-2400
58 200-2500
66,6 0,025-25
160 110 300-1600
40,3 42-1300
37,9 57-340
120 120 200-2100
91 147-431
5,2 31-94

160 100-1000
0 30-327
20,9 75-541
0,28 0,41 0,9-1,9
0,12 0,2 0,8-1,9
8,79 9,0 8,7-11,7
78 95 204-356

Given the presence of FLI-1 gene deletion, caus-
ing the development of thrombocytopenia with dense
platelet granule defect, there was functional platelet
study — a decrease in platelet aggregation with ris-
tocetin up to 29 % and adrenaline to 38% was noted,
aggregation with ADP (adenosine diphosphate) was
within normal limits — 36 %.

Serious systemic infectious diseases were not re-
vealed against the background of preventive therapy.
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KorHutueHble
1 NoBeAeHYecKne HapyLeHns

Jlnueson
Aancmopduam

Huskasn
(hyHKUMS TUMYyCca

Mopokun
cepaua

Mopoku
pasBuTHS NoYeK

Hapywerue hyHKuum
TpoMb6ouuToB

Kom6uHnpoBaHHbIn
UMMyHopaeduuuT,
rUNoOUMMyHOrnobynuHemus

Fig. 2. Clinical features of Jacobsen syndrome
Puc. 2. KnuHuyeckne ocobeHHOCTU cuHagpoma AkobceHa

DISCUSSION

Jacobsen syndrome is a rare form of a genetic dis-
ease that has recently been classified as primary com-
bined immunodeficiency [15, 19].

The presented case corresponded to the complete
clinical phenotype of the disease, despite the genetic
traits of partial Jacobsen syndrome. Our patient ex-
perienced typical dysmorphic features such as low
growth, microcephaly, facial skeleton anomaly, con-
genital heart disease, chronic kidney disease, mental
retardation, cytopenic syndrome (fig. 2).

In recent years, researchers have focused on geno-
type-phenotype correlations as well as candidate gene
reading, responsible not only for cognitive impair-
ment and multiple malformations in patients with
Jacobsen syndrome, but also for immune defects |20,
33]. The deletion level in Jacobsen syndrome may
vary (fig. 2). Its level in our clinical case is much low-
er, in comparison with the deletions, described in oth-
er sources (fig. 3).

Three genes in the deleted region 11q24.2q25
were associated with the defect in immune regulation
(FLI-1, TIRAP, JAM3).
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10000 kb

OPCML
HYLS1
KCNJ1
ST14
TIRAP
ACAD8
KCNJ5
JAM3
CDON
STT3A
DCPS
PUS3
FLI1
NCAPD3
FOXRED1
TMEM218

115000 kb
120000 kb
ISTETTTEY T
125000 kb
. 130000 kb

1

Haw
Kenc
T T T
|
2 3 4 5

Fig. 3. Deletion 11g24.2q25 in a patient with partial
Jacobsen syndrome. On the left is chromosome
11 with a critical region of deleted genes in
comparison with deletions described in available
sources [5, 20, 21, 22, 24]. On the right are the
deleted genes

Oeneuunsa 11q24.2g925 y naumeHTa ¢ HaCTUYHbIM
cuHgpomMmom fAko6ceHa. CneBa — xpomocoma
11 ¢ kpuTUYEcko ob6nacTbio yaaneHHbIX FeHOB
B CPaBHEHUU C AeneumsamMmmn, onmcaHHbIMU B A,0-
CTYMHbIX UCTOYHMKaX [5, 20, 21, 22, 24]. Cnpa-
Ba — yAaJieHHble Y NauueHTa reHbl

Puc. 3.

It is known that FLI-1 encodes a transcription fac-
tor, specific to erythroblast transformation. However,
FLI-1 heterozygous deletion might cause dysmega-
karyopoiesis, functional disorders of T-lymphocytes,
deficiency of T-helper cells and a low level of serum
IgM [23, 24, 25] that is confirmed in experimental
models [26]. Tt was found that FLI-1 gene modu-
lates a marginal zone follicular B-cell development in
mice [27]. Previously it was shown that patients with
Jacobsen syndrome are quite often the holders of FLI-
1 gene deletion [2, 28, 29, 30]. FLI-1 gene haploinsuf-
ficiency was has been suggested as a genetic change,
responsible for immune system defects in Jacobsen
syndrome.

The number of gene in the imbalance area also
included TIRAP genes (607948, 611162, 614382),
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encoding signaling protein of Toll-like receptors —
TLR2 u TLR4. For the past two decades, their key
role in reactions of the innate immune response on
bacterial lipopolysaccharides has been determined
and their relevance in antitumor immunity has been
confirmed [31].

JAMS3 gene is part of the family of connective-tis-
sue adhesion molecules with high expression on the
cell surface of T-cytotoxic lymphocytes and activated
cells. Besides, there is a large number of JAM3 mole-
cule, presented on megakaryocytes and platelets that
implies its part in the inflammatory process, mediated
by monocytes [2].

Immunological data on patients with Jacobsen
syndrome in the world is significantly limited, how-
ever, there are accumulated reports on serious disor-
ders in the process of maturation and differentiation
of all compartments of T- u B-lymphocytes in the
syndrome of terminal deletion 11q [32].

Our patient has experienced persistent impair-
ment of the T-cell component of immunity and anti-
body formation for 4 years of observation.

Previous studies have showed that T-lymphocyte
reduction and [28, 32] their functional defects [15,
20] are observed in the majority of patients with 11q
disorder that is often accompanied by hypersensitiv-
ity to persistent herpes viruses CMV, HSV1, VZV,
human papilloma virus [34].

In the work of Baronio M. and colleagues (2022)
66,7 % of patients with JS had a defined reduction in
CD3*-cells, 58,3 % — T-helpers. Naive T-helpers were
low in 45,4% of patients, TREC rates — in 88,9 % [32].

Data on a decrease in the total number of B-lym-
phocytes as well as immunoglobulins in patients
with JS were first published back in 1998 [33]. Sev-
eral studies have shown hypoimmunoglobulinemia
with reduced IgG, IgA, IgM and disorder of specific
antibody formation in response to pneumococcal
polysaccharide vaccine that is compatible with the
phenotype of common variable immunodeficiency
[15]. The literature describes clinical cases of adult
patients with humoral immunodeficiency manifes-
tations, which exacerbated over time [23, 34]. For
example, a girl with JS has suffered from recurrent

33

sinopulmonary infections since the age of 18, she
experienced a decreased IgG level, a low number
of switched memory B-cells as well as disorder of
specific antibody formation [34]. A low number of
B-lymphocytes with IgD IgM CD27" phenotype is
also noted in other studies [15] which has coincided
with the obtained data.

Depending on eliminated genes, various immuno-
logical phenotypes can be observed, however, their
correlation with deletions of particular genes, situat-
ed in 11q region, are not well understood. Trachsel T.
And colleagues (2022 r.) described a patient with JS
and severe primary immunodeficiency, who had de-
creases antibody titers against Haemophilus influen-
za, content of B-lymphocytes and switched memory
B-cells. Another patient with heterozygous deletion
of TIRAP, FLI-1, NFRKB, THYN1 and SNX19 suf-
fered a severe bacterial infection, had predominantly
alow number of switched memory B-cells [30]. There
is an opinion that clinical manifestations of immuno-
deficiency in patients with JS can have varying de-
grees of severity, however, they increase with age in
the absence of treatment [23, 28, 34, 35].

CONCLUSION

Patients with partial 11q deletion have a high risk
of inborn immunity errors due to loss the genes, re-
sponsible for immune responses, which function is
only being studied. The presented clinical case in
conjunction with literature data demonstrates the
importance of immunological observation of patients
with JS. We have shown that even quite small 11q de-
letion might cause the formation of severe combined
immunodeficiency, that’s why patients with JS re-
quire a regular immunological screening by lympho-
cyte immunophenotyping as well as defining serum
immunoglobulins. It should be noted that immuno-
logical disorders might develop over time and require
to be re-tested. In case of quantitative and qualita-
tive defect of T- and B-lymphocytes as well as serious
infectious complications, it is necessary to consider
preventive administration of antibacterial agents and
replacement therapy with immunoglobulin prepara-
tions.
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