CLINICAL CASE

Scientific Article
VIIK 616-092: 612.017.1]008.64-021.3-053.2-056.76: 612.6.05
DO 10.17816/pmj421130-138

A FAMILY CASE OF SHWACHMAN-DIAMOND SYNDROME
IN CHILDREN WITH A RARE GENETIC VARIANT
OF THE SBDS GENE C.653G>A (P.ARG218GLN)

N.N. Grymova'**, V.V. Shadrina’’, E.G. Furman'

'Ye.A. Vagner Perm State Medical University,

*Perm Regional Children's Clinical Hospital,

‘Research Clinical Institute of Childbood, Mytishch,

N.P. Bochkov Research Centre for Medical Genetics, Moscow, Russian Federation

CEMEHMHDBIN CIYYAYI CHHIPOMA IIIBAXMAHA - JAMIMOHJIA
YV JETEM C PEJIKUM TEHETHYECKHM BAPHAHTOM

TEHA SBDS C.653G>A (P.ARG218GLN)

H.H. I'pvimosa"**, B.B. lllaopuna’, E.I. @ypman’

Tlepmcrui 2ocyoapcmeenblii Meouyunckull yrusepcumem umeny axaoemura E.A. Baznepa,
*Kpaeeas demckasn kaunuyeckasn 60n6Huya, 2. [lepmo,

*HayuHo-ccne008amensCkili KnuHuMeckus uncmumym oemcemea Munucmepcmea
30pasooxparenus Mocrkosckoi oonacmu, 2. Moimuuyu,

"Meduro-eeremuyeckuti Hayunblil yernmp umeny axademura H.II Bouxoed,

2. Mocxea, Poccutickasn Peoepauus

Shwachman — Diamond syndrome is a hereditary ribosomopathy which is manifested by exocrine pancreatic
insufficiency, hematological disorders, stunted growth and bone deformities. The pathology is caused by mu-
tations in the SBDS gene. Early detection of the disease and timely treatment, including the use of enzyme
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preparations, specialized nutrition and granulocytic colony-stimulating factors, contribute to improving the
patients' quality of life and prognosis.

A clinical case of a family manifestation of this syndrome is presented in the article. The diagnosis was made and
confirmed by a genetic study only at the age of 1. From birth, the girl had clinical manifestations of atopic dermati-
tis, with a torpid course to therapy, characteristic stools, changes in the general blood test (GBT) in the form of leu-
kopenia and neutropenia of varying severity, changes in the biochemical blood test (BCBT) in the form of increased
liver enzymes. Also, the patient has an 8-year-old elder sister with similar changes in the GBT. To exclude the pres-
ence of pathogenic genetic variants of the SBDS gene in the cis-position, the gitl's parents were examined.

A pathogenic variant of the SBDS gene C.258+2T>C in a heterozygous state was revealed in the girl's mother,
while the father had the variant C653G>A (p.Arg218Gln) in a heterozygous state. Taking into account the he-
reditary nature of the disease, the girl's elder sister underwent a genetic examination as well at the age of seven.
The study also revealed two pathogenic variants of the SBDS gene C.653G>A (p.Arg218Gln) and C258+2T>C in
a compound heterozygous state. Thus, SDS in the child was confirmed by genetic methods of examination.

The case described in the article is aimed at attraction the pediatricians' attention to the correct assessment of
GBT indicators (knowledge of age-related norms of the blood cells count and age-specific features of the leu-
koformula), the ability to count the absolute number of granulocytes. To clarify the nature of neutropenia
(congenital, acquired), it is necessary to evaluate the GBT results in dynamics.

Keywords. Shwachman — Diamond syndrome, neutropenia, pancreas.

Cunnpom IBaxmana — JIafiMOH/IA OTHOCHUTCS K HACIEACTBEHHBIM PHOOCOMOIATHAM U TIPOSBIAETCA 3K30-
KPMHHOH HEOCTATOYHOCTBIO MOPKEIYAOUHON JKEE3DL, TEMATONOIMUECKUMY HAPYIICHUAMHY, 3AMEICHHBIM
POCTOM M KOCTHBIMU Je(pOpMatAMH. [IpUUMHON IATONOTUY SBIAIOTCA MyTaluu B reHe SBDS. PaHuee BblAB-
JICHHE 3200/I€BAHKA U CBOCBPEMEHHO HAYATOE JIEYEHHUE, BKIIOYAIOEE IPUMEHEHUE (DEPMEHTHBIX IPENapa-
TOB, CIEUUANMU3UPOBAHHOE IUTAHUE U IPAHYIOLUTAPHBIE KOJTOHUECTUMYIUPYIOMHUE (DAKTOPLL, CIIOCOOCTBY-
10T Y/IYYIIEHUIO KAYECTBA XKU3HK U IIPOTHO34 Y MALIMEHTOB. B paboTe Npe/iCTaBIeH KIMHUYECKUH CIydait ce-
MENHOTO TPOABIEHHA JAHHOTO CHHAPOMA. [IMAarHO3 peOGEHKy ObUl YCTAHOBNEH M NOATBEPXKICH
TEHETHYECKUM MCCIEA0BAHUEM TONBKO B BO3PACTE OZHOIO Iofid. C POKAEHUA Y JEBOUKU OTMEYAINCH KIMHHU-
YECKHE TPOABICHUA ATOIMMYECKOIO JIEPMATUT4, KOTOPBIA UMEI TOPHUAHOE K TEPAIUU TEUCHUE, XAPAKTEP-
HBII CTyJ, U3MEHEHNA B 00meM aHanuse kposu (OAK) B Bujie JIEHKONEHUN U HEUTPONIEHNU PA3/IMYHON CTe-
NEHN TSOKECTH, M3MEHEHUA B GMOXMMMYECKOM aHamu3e KpoBd (BXAK) B BHjie NOBBINIEHUS MEYEHOYHBIX
(bepmenToB. Taxke y MALUEHTKA UMECTCA POAHAA CTAPIIAA CECTPA C AHAJIOTUYHBIMU n3MeHeHUAMU B OAK.
Jln MCKTIOYEHUA HANMUYNA IATOTCHHBIX TEHETUYECKUX BAPUAHTOB I'eHa SBDS B LIUC-NIOIOKEHAY OBLIH 00-
CJIEJI0BAHB! POJUTENN IEBOYKU. Y MATEPU BBIABICH NATOTEHHBIA BapuaHT rena SBDS ¢.258+2T > C B rere-
PO3UIOTHOM COCTOSIHUM, Y OTI[a — BapuaHT C.053G>A (p.Arg218Gln) B TreTepO3UrOTHOM COCTOS-
Huy. C y4eTOM HACIEACTBEHHON IPUPO/DI 3100/1€BAHUA T€HETUYECKOE UCCIEA0BAHUE OBLIO IIPOBEAEHO U
POJHOH CTapuIEi CECTPE ICBOYKU B BO3PACTE CEMU JIET. [IpM MCCIEOBAHUN TAKKE ObUIO BBIABIEHO /iBa
MATOTCHHBIX BapuanTa rena SBDS ¢.653G > A (p.Arg218GlIn) 1 ¢.258+2T > C B KOMIIAYH/I-T€TEPO3UTOTHOM
cocrosguuu. TaxuM o6pasom, cungpoM IlIBaxmana — JlaitMOHAA y peOEHKA ObUI MOATBEPA/ICH T€HETHYE-
CKMMU METOZJAMU MCCIE/I0OBAHYAL

OnuUCaHHBIA CIy4all IMEET LEIbIO IPHUBICYCHNIE BHUMAHNA BPAYEH-TIEAUATPOB K MPABUILHON OLICHKE TTOKA-
sareneil OAK (3HAHME BO3PACTHBIX HOPM KOMTMYECTBA KIETOK KPOBM M BO3PACTHBIX OCOOEHHOCTEN JIEHKO-
(bOpMYJIBL), YMEHHE CYUTATD AOCOMIOTHOE KOIMYECTBO IPAHYIOLUTOB. )11 YTOUHEHUA XapaKTepa HEHTpOIe-
HUY (BPOXKAEHHAS, IPHOOPETEHHAA) HEOOXOAUMO oLeHNBaTh OAK B ;HAMUKE.

Kimouessie croBa. [IIBaxmana — JIafiMOHIA CUHAPOM, HEMTPOIICHUS, O/PKETY0UHAs JKeTe3a.
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INTRODUCTION

Shwachman-Diamond syndrome (SDS) is
a hereditary ribosomopathy characterized by
exocrine pancreatic dysfunction, bone marrow
failure, and increased risk of myeloid malig-
nancies [1; 2]. SDS is the second most common
cause of severe exocrine pancreatic insuffi-
ciency after cystic fibrosis. The syndrome in-
volves immune system abnormalities (particu-
larly severe neutropenia), hepatic impairment,
dental enamel defects, neurocognitive disor-
ders, and other multisystem manifestations [4]
with variable clinical progression [6]. In rare
cases (3.23 %), type 1 diabetes mellitus devel-
ops — an atypical complication that neverthe-
less occurs 30 times more frequently than in
the general population [5].

According to literature data, the global
prevalence of Shwachman-Diamond syndrome
is estimated at 1:50,000-1:76,000. However, the
exact number of patients in the Russian Federa-
tion remains unknown [7]. The SBDS protein
(Shwachman-Bodian-Diamond Syndrome pro-
tein), involved in ribosome maturation, is pre-
sent in all body cells, with the highest concen-
tration in the nucleus (particularly in ribosome
synthesis sites). This protein plays a crucial role
in mitosis by maintaining genome stability [8; 9].
Approximately 90 % of SDS patients carry bial-
lelic pathogenic variants in the SBDS gene lo-
cated on chromosome 7q11 [10; 11]. The 97 %
homologous SBDS Pseudogene in this region
may harbor deletions and mutations that dis-
rupt functional protein synthesis [12]. SDS is
classified as an orphan disease. We present a
case report of SDS in two sisters with the SBDS
gene variant ¢.653G>A (p.Arg218Gln).
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A one-year-old girl, M., was admitted to the
Allergology-Immunology Department of Perm
Krai State Budgetary Healthcare Institution
“Perm City Children’s Clinical Hospital” (GBUZ
PK GDKB) with complaints of atopic dermatitis
exacerbation.

According to the medical history, the child
was born from a second pregnancy that pro-
ceeded without complications, and from a sec-
ond full-term delivery. At birth, the body weight
was 2,970 g, and the length was 50 cm. At one
month of age, an allergic rash appeared on the
skin of the face and trunk, and atopic dermatitis
was diagnosed at the local inpatient facility. The
GBT showed leukopenia (2.9-10°/L) and severe
neutropenia  (absolute  granulocyte  count
493 cells/uL), which was interpreted as a mani-
festation of a previous viral infection. The aller-
gic skin eruptions persisted. At four months of
age, signs of malabsorption syndrome appeared,
which were regarded as manifestations of gas-
trointestinal food allergy, prompting emergency
hospitalization to the Allergology-Immunology
Department of Perm City Children’s Clinical
Hospital No. 13. Examination revealed recurrent
grade 2-3 leukopenia and neutropenia on GBT,
while BB showed elevated AST up to 189.9 U/L
and ALT up to 2704 U/L; immunoglobulins A, M
and G were within age-appropriate ranges. The
patient was discharged with the following diag-
noses: atopic dermatitis (infantile form, severe
course); gastrointestinal food allergy; reactive
hepatitis; cytolysis syndrome. Given the persis-
tent skin eruptions, the girl was switched to an
amino acid-based therapeutic formula and re-
ceived topical glucocorticosteroids along with
ursodeoxycholic acid (UDCA) medication. The
therapy resulted in stool normalization but the
skin eruptions persisted.
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At 5 months of age, due to persistent re-
lapsing atopic dermatitis, the patient was admit-
ted to the Early Childhood Department of Perm
Regional Children’s Clinical Hospital (GBUZ PK
KDKB). Examination revealed persistent leuko-
penia and severe neutropenia on GBT (WBC
34-10°/L, absolute neutrophils 374 cells/uL),
while BB showed AST 76 U/L, ALT 92 U/L with
normal IgM; IgA and IgE levels but reduced IgG
(144 g/L; normal range 2.32-14.11). Given pro-
longed cytolysis syndrome, viral hepatitis was
excluded, and the patient was subsequently
transferred to the Gastroenterology Department
of Perm City Children’s Clinical Hospital No. 13,
where cystic fibrosis (normal sweat test), alpha-
l-antitrypsin deficiency, Wilson’s disease and
inherited metabolic disorders were excluded.
Primary immunodeficiency (PID) was first sus-
pected based on GBT and immunogram results
(low IgG). TREC-KREC analysis showed mildly
decreased TREC and KREC one order of magni-
tude below reference range.

At 11 months of age, the girl was readmit-
ted to the Allergology-Immunology Department
of Perm City Children’s Clinical Hospital No. 13.
The GBT continued to show leukopenia and
severe neutropenia, while the BB indicated cy-
tolysis syndrome. Lymphocyte CD-typing re-
vealed no abnormalities. Given the clinical
presentation of persistent neutropenia, malab-
sorption syndrome, and cytolysis syndrome, at 1
year of age the child was hospitalized in the
Allergology-Immunology Department of Perm
Regional Children’s Clinical Hospital to rule out
Shwachman-Diamond syndrome. Upon admis-
sion to Perm Regional Children’s Clinical Hospi-
tal, her condition was assessed as moderate in
severity with good general wellbeing and normal
activity levels. Her height was 84 cm (SDS -142),
weight 13.1 kg, with BMI 186 kg/m* (SDS +1.9).
No musculoskeletal deformities were observed.
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Physical examination revealed generalized dry
skin with mild erythema and crusting in the
elbow folds and forehead. Lung auscultation
demonstrated puerile breath sounds, with clear
and rhythmic heart tones. The liver edge was
palpable 1 c¢cm below the costal margin. Stool
was formed. Fecal pancreatic elastase-1 level
was severely reduced at 10.7 ug/g (normal
>200 ug/g), confirming severe exocrine pan-
creatic insufficiency. Vitamin D status showed
deficiency with 25(OH)D3 level of 13.1 ng/mL
(normal range 30-100 ng/mL). Coprogram re-
vealed soap ++, with persistent cytolysis syn-
drome. Genetic testing using the “Primary Im-
munodeficiencies and Inherited Anemias” panel
identified two pathogenic SBDS gene variants in
compound heterozygous state: c.053G>A
(p-Arg218Gln) and ¢.258+2T>C. Parental genet-
ic testing was performed to exclude cis-
positioning of SBDS gene variants. The mother
was found to carry the ¢.258+2T>C variant in
heterozygous state, while the father carried the
c.653G>A (p.Arg218Gln) variant in heterozy-
gous state. Thus, Shwachman-Diamond syn-
drome in the child was confirmed through ge-
netic testing methods.

Analysis of the child’s serial GBT results
(Table) revealed nearly persistent leukopenia
and neutropenia, progressing to agranulocyto-
sis except during respiratory infections. Fol-
lowing SDS diagnosis, the child received regu-
lar follow-up with pediatric, allergology-
immunology, and gastroenterology specialists.
The girl was treated with UDCA, vitamins D3,
A and E, pancreatic enzyme replacement ther-
apy, and nutritional support. Monthly GBT
monitoring was implemented. At the age of 2,
a single administration of the granulocytopoie-
sis stimulator “Filgrastim” was required when
granulocytes dropped to 323 cells/uL during a
respiratory infection.
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Dynamics of GBT parameters in patient M. during the first year of life

Age, RBC, Hb, |Colour| PIt WBC, Fos. % Meta, | Band, Seg, % ANC, |Lymph,| Mono, | ESR,
months | x10™2/L | g/L | Index | x10°/L | x10°/L ’ % % " lcells/uL| % % |mm/hr
1 40 120 200 29 1 16 493 54 20 2
1 3.7 114 301 4.1 1 18 820 60 20 12
3 48 133 | 277 308 55 - 2 29 | 1705 59 10 3
4 469 127 | 271 415 43 1 1 32 | 1376 56 9 2
5 42 126 | 290 271 457 6 6 552 79 9 1
5 4.1 117 | 280 253 34 11 408 84 9 2
8 49 142 | 290 193 24 1 19 504 69 10 1
8 48 138 | 287 216 5.2 - 7 28 | 1820 55 10 3
"85 38 111 196 64 9 10 26 | 2880 38 17 11
9 38 106 278 77 - 4 55 | 4543 31 10 3
9 445 128 | 288 183 2.7 7 189 92 1 2

Note: * — GBT values were obtained during respiratory infections.

At the same age, follow-up fecal pancre-
atic elastase-1 testing showed 376 ug/g (nor-
mal). Coprogram while on pancreatin re-
vealed moderate steatorrhea (soap +) and
amylorrhea (starch +). By age 2, the child’s
BMI increased to 18.6 (BMI SDS = +1.97),
prompting discontinuation of pancreatin and
nutritional support. Given the hereditary na-
ture of SDS, genetic testing was performed on
the patient’s 7-year-old sister, identifying the
same compound heterozygous SBDS variants:
c.053G>A (p.Arg218Gln) and ¢.258+2T>C,
confirming SDS diagnosis. The sister’s
history revealed frequent fatty stools in early
childhood.

Clinical evaluation of the sister (age 7) at
our clinic showed: height 122 c¢m (SDS -1.62),
weight 25.2 kg, BMI 17.2 (SDS +0.56). Physi-
cal exam noted normal skin, vesicular breath
sounds (RR 20/min), clear heart sounds (HR
80/min), soft non-tender abdomen with liv-
er/spleen non-palpable. Stool was formed
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(2x/day) with normal urination. GBT revealed
leukopenia (WBC 5.8-10”/L) and neutropenia
(ANC 696 cells/uL). Coprogram showed stea-
torrhea (soap ++) and amylorrhea. Fecal elas-
tase-1 was severely deficient (40 ug/g)
with vitamin D deficiency (14 ng/mL).
Immunoglobulins were normal; BB showed
no cytolysis.

The sister receives multidisciplinary care
(pediatrician, allergist-immunologist, gastro-
enterologist) with PERT and fat-soluble vita-
mins. No granulopoiesis stimulators were
needed. By age 9, her fecal elastase-1 normal-
ized (>500 pg/g), but constipation required
PERT dose reduction. Newborn screening da-
ta revealed low IRT levels in both sisters (el-
der: 11.5 ng/mL; proband: 13.1 ng/mL) [13].
Parental GBT showed: mother (33 y/o, SBDS

¢.258+2T>C carrier) had lymphocytosis
(52.2%) with neutropenia (30.87%); father
(34y/o, SBDS ¢653G>A carrier) had

normal results.




Perm Medical Journal

RESULTS AND DISCUSSION

Currently, the diagnosis of SDS is based
on clinical presentation including exocrine
pancreatic insufficiency and hematologic ab-
normalities [15]. Neutropenia [14], occurring in
88-100 % of SDS patients [15], may serve as a
key diagnostic factor. Genetic testing remains
the gold standard for confirming SDS diagnosis
[4]. Despite early manifestations of neutro-
penia, primary immunodeficiency was suspect-
ed late in both children, likely due to normali-
zation of hematologic parameters during res-
piratory The SBDS c.653G>A
(p.Arg218GlIn) variant is a missense variant
listed in the ClinVarMiner
(https://clinvarminer.genetics.utah.edu/)  as

infections.
database

rare and classified as likely pathogenic for SDS.
This variant has been reported only in isolated
cases. Donadieu et al. (2012) identified this
variant in one patient with genotype
p.Arg218GlIn/p.Cys84fs but did not provide
clinical details [16]. M.G. Ipatova et al. (2019)
described two unrelated 1.5-year-old boys with
the p.Arg218Gln variant in compound hetero-
zygous state with ¢.258+2T>C, presenting with
severe pancreatic insufficiency, marked cytolysis
syndrome, neutropenia, anemia, and chest wall
deformity [2]. Furutani et al. (2022) reported an
adolescent with SBDS ¢.653G>A (p.Arg218Gln)
in compound heterozygous state  with
¢.258+2T>C, who had neutropenia (400-700
cells/uL) and pancreatic insufficiency, develop-
ing mediastinal B-cell lymphoma at age 169
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years [17]. Our patients showed no severe mal-
absorption syndrome despite low fecal pancre-
atic elastase-1 levels. However, both children
demonstrated improvement in pancreatic elas-
tase-1 levels with age, reducing the need for
continuous pancreatic enzyme replacement
[0]. According to Hashmi et al. (2011), 15 % of
SDS patients lack pancreatic involvement,
while steatorrhea requiring treatment was ob-
served in only 67 % of cases [12]. Nearly half of
patients in the North American SDS Registry
showed neither typical neutropenia nor stea-
torrhea. Improved exocrine pancreatic func-
tion, noted in 50 % of patients, allowed discon-
tinuation of enzyme replacement therapy [6].
The reasons for this improvement remain un-
clear, though it may relate to physiological
maturation of pancreatic enzyme secretion
with age [3].

The IRT levels in our observed patients at
birth were near the lower range, possibly re-
flecting impaired exocrine pancreatic func-
tion from birth. Parents reported fatty stools
in both children. Further research on IRT val-
ues in children with SDS is warranted, espe-
cially given the availability of nationwide
cystic fibrosis newborn screening in Russia.
Considering that SDS is an extremely rare dis-
ease with clinical heterogeneity and frequent
malignant complications, establishing a na-
tional SDS patient registry would be valuable
for studying the genetic and phenotypic spec-
trum of the disease, including age-related
manifestations.
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CONCLUSION

In our observed sisters with genotypes
€.258+2T>C/c.653G>A  (p.Arg218Gln), de-
spite early clinical manifestations including
neutropenia, growth retardation tendencies,
exocrine pancreatic insufficiency, and persis-
tent cytolysis syndrome, the diagnosis was
significantly delayed. During follow-up, nor-
malization of fecal pancreatic elastase-1 levels
and reduced need for enzyme replacement
therapy were noted. The delayed diagnosis
resulted from normalization of blood test pa-
rameters during respiratory infections. For
timely diagnosis of neutropenias, pediatri-
cians should pay attention to proper interpre-
tation of GBT (knowledge of age-specific
blood cell count norms and leukocyte formu-
la variations), and calculating absolute granu-
locyte counts. To determine neutropenia eti-
ology (congenital vs acquired), serial GBT
monitoring is essential.
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