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Background: X-linked lymphoproliferative disease type I (XLP I) is
caused by mutations in the SH2D 1A gene and characterized mainly
by hypogammaglobulinemia and abnormal response to Epstein-
Barr virus with a high predisposition to B-cell non-Hodgkin lym-
phoma development.

Observations: In this article, we describe the experience of 2 centers
in Belarus and in Russia that follow 3 male patients who were
diagnosed with XLP I after lymphoma development and treatment.
Three novel mutations ¢.51G > C (p.E17D), ¢.192G > T (p.W64C),
and c.53insA (p.K18KfsX67) were found in 3 males patients with
XLP 1. Two of them did not have any signs of immunodeficiency
before B-cell non-Hodgkin lymphoma development.

Conclusions: We propose SH2DIA mutational screening be con-
sidered in male patients with or without hypogammaglobulinemia
who received rituximab treatment for lymphoma and did not
recover immunoglobulin G in a year after B-depleting therapy.
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on-Hodgkin lymphoma (NHL) is the most common

type of malignancies associated with primary immu-
nodeficiency (PID) and can occur either before or after
infectious complications develop.! Lymphoma type and
frequency vary among children with different types of PID.

X-linked lymphoproliferative disease type I (XLP I) is
caused by mutations in SH2DIA gene and may present in
male patients with hypogammaglobulinemia, fulminant
infectious mononucleosis or hemophagocytic lymphohis-
tiocytosis (due to inappropriate immune response to
Epstein-Barr virus [EBV] with widespread proliferation of
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cytotoxic T cells, EBV-infected B cells, and macrophages),
as well as with lymphoma (mostly B-cell NHL [B-NHL]),
aplastic anemia, vasculitis, and pulmonary lymphomatoid
granulomatosis.> To date, >100 mutations in SH2DIA
gene have been described.’?

Lymphoma affects about 25% of XLP patients, typ-
ically manifesting as EBV-associated B-mature malignancy
at the ages between 5 and 8 years.? Rituximab is currently
widely used in B-NHL treatment and can lead to a decrease
in the serum immunoglobulin (Ig) level, which is usually not
accompanied by severe infections. Prolonged hypo-
gammaglobulinemia in children after rituximab-containing
treatment may be a sign of PID and has to be distinguished
from side effect of anti-CD20 monoclonal antibodies.’

In this report, we highlight 3 novel mutations in
SH2DIA gene, identified in male pediatric patients with
XLP I diagnosed after B-NHL treatment.

MATERIALS AND METHODS

Patients

Three boys were suspected and confirmed as having
XLP I after B-NHL treatment due to complicated clinical
course of disease and/or absence of IgG serum level
recovery after rituximab-containing therapy.

For all patients, written informed consent for the
performed studies was obtained from the patient’s family.

Methods

Genetic and clinical data, lymphoma treatment, and
immunological findings are summarized in Table 1. Histo-
pathology was classified according to the WHO system.3
Immunologic investigation included serum Ig levels and the
number of B cells. All exons and exon/intron regions of the
SH2DIA gene were amplified from the genomic DNA by
polymerase chain reaction and sequenced in both directions
using the ABI Prism BigDye Terminator Cycle sequencing
kit on a GeneticAnalyzer ABI 3130 automated sequencer
(Hitachi, Japan). Ensembl Genome Browser (www.ensem
ble.org) was used for evaluating SH2DIA variants
(ENST00000371139). The occurrence of mutations was
checked according to RAPID database (http://webl6.
kazusa.or.jp/rapid/mutation?pid_id = AGID_119), SH2DIA
bases (http://structure.bmc.lu.se/idbase/SH2D1Abase/browser.
php?content = browser), and published cases.
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For interpretation of novel missense variants, sorting
intolerant from tolerant (SIFT) and polymorphism phe-
notyping (PolyPhen-2) were used.

CASE REPORTS

Patient 1

A 6-year-old Slavic boy was transferred from another hos-
pital 1 week after the laparotomy with resection of the ileum and
ileostomy imposition was performed. He had a 2-week history of
abdominal pain accompanied by dysuria and constipation. Acute
intestinal obstruction was the reason for emergency surgery, and
mesentery tumor was revealed and resected. He experienced night
sweats and significant weight loss. A computed tomographic scan
of the abdomen and pelvis showed tumor mass in hypogastry,
7.5%x 4.0 x 8.0 cm, spreading to the bladder and the abdominal wall,
and multiple enlarged mesenteric and ileac lymph nodes up to 4cm
in diameter. Bone marrow aspirate and cerebrospinal fluid were
negative for lymphoma. The resected tumor was histologically
determined to be Burkitt lymphoma. The tumor cells were strongly
positive for LCA, CD20, and CD79 and negative for T lymphocyte
markers (CD3 and TdT) as well as for EBV by immunohis-
tochemistry. The boy was treated within the NHL-BFM-95 pro-
tocol with 4 chemotherapy cycles at full dosage, and tolerated well
(Table 1). The patient received 3 additional doses of intravenous
rituximab 375mg/m? once weekly after the second course of che-
motherapy because of a long interruption in treatment due to the
reconstructive bowel surgery.

TABLE 1. Genetic, Immunologic, and Clinical Characteristic of
the Patients

Patient 1 Patient 2 Patient 3
Mutation in p-E17D p-W64C p-K18KfsX67
SH2DI1A4 c.51G>C c192G > T c.53insA
Age at 6.0 14.5 6.8
lym-
phoma
diagnosis
™
Lymphoma Burkitt/III/ DLBCL/1V/ DLBCL/I, not
type/ mesentery, mediastinum, resected/right
stage/ jejunum, soft tissue of testicle
involved  abdominal lymph the left thigh,
sites nodes, bladder, the anterior
abdominal wall  chest wall and
bone marrow
Treatment NHL-BFM 95, B-NHL- NHL-BFM 90,
protocol, TG2, R2, full M2004, high TG2, R2, full
number of  dosage, + 3 risk group, dosage, + 3
rituximab dosage of full dosage, 4 dosage of
infusion rituximab dosage of rituximab
rituximab
B cell In 9mo No data In 12mo
recovery CDI19* =15.9% CDI19* =29.5%
after (860 cells/uL) (406 cells/uL)
rituximab
1gG (g/L) 0.0 0.33 0.12
IgM (g/L) 0.33 0.17 0.01
IgA (g/L) 0.01 0.06 0.01
Family First pregnancy, First First pregnancy,
history the only child pregnancy, first delivery
first delivery,
parents are
cousins
Outcome Alive, 14y old Died at the Died at the age of
age of 19y 83y

B-NHL indicates B-cell non-Hodgkin lymphoma; DLBL, diffuse large
B-cell lymphoma; Ig, immunoglobulin; NHL, non-Hodgkin lymphoma.
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Absence of Ig serum level recovery within 9 months after the
end of treatment (Table 1), while the level of CD19 * cells became
normal, and a considerable decrease in IgD-switched memory B
cells 0.3% (normal, 4% to 20%), were the reason to perform
genetic investigations, and XLP I was confirmed. The child’s
parents refused alloHSCT. The patient receives monthly intra-
venous Ig and has no evidence of lymphoma or severe viral
infections after a follow-up of 8 years.

We detected a novel missense mutation in exon 1 of SH2D1A4
gene resulting in substitution of a glutamine to asparagine at amino
acid position 17. The mutation has not been reported previously in
the literature''2 and according to RAPID database and
SH2D1Abases. This mutation was predicted to be pathogenic by
prediction programs (PholyPhen-2, score of damaging = 0.99,
SIFT = 0).

Patient 2

A 6-year-old boy was admitted to the Immunologic Depart-
ment with suspected PID. He was the first and the only child of
consanguineous (second cousins) healthy parents of white origin.
Two male cousins of the patient’s mother died in infancy of
infections (Fig. 1). The patient suffered from recurrent purulent
conjunctivitis since the age of 5 months. Diarrhea, recurrent
purulent otitis, and respiratory infections appeared in the second
year of life after the completion of breastfeeding. Chronic pulmo-
nary infection poorly controlled by antibiotics and accompanied by
repeated febrile episodes and chronic diarrhea were the reasons to
investigate the immunologic status. Agammaglobulinemia was
revealed while the B cell level was 15% (normal, 4% to 20%)
(Table 1). At that time, the patient was recognized as having
common variable immunodeficiency (CVID), and continuous
intravenous Ig replacement therapy with antibiotic prophylaxis was
started. The boy had progressive growth retardation. At the age of
12 years, his height was 129 cm and his weight was 22 kg.

At the age of 14 years, a painless mass of about 2.0 x 2.5cm in
size appeared on the front right side of the chest wall. A tumor
biopsy was performed, and the diagnosis of diffuse large B-cell
lymphoma was established. Immunohistologic staining showed
malignant cells positive for LCA and CD20 and negative for CD21
and CD30. The patient had stage IV disease according to the St
Jude staging system with abdominal lymph nodes, mediastinum,
soft tissues of the left thigh, the anterior chest wall, and bone
marrow involvement. He was treated according to the B-NHL-
M?2004 protocol, and received 6 courses of chemotherapy similar to
the NHL-BFM-95 (group R4) regimen combined with rituximab
given at the dose of 375 mg/m? on day 0 in cycles 1 to 4. The dose of
methotrexate was reduced to 1 g/m? in the first 2 courses. Complete
remission was achieved and maintained throughout the duration of
observation.

Despite supportive treatment, chronic bronchopulmonary
disease was progressing, pneumofibrosis and chronic respiratory
failure of the 3-d degree developed and caused his death at the age
of 19 years.

Genetic investigation was performed after the patient’s death,
and XLP I was diagnosed postmortem. A second unpublished
mutation was detected in exon 2, ¢.192G > T (p.W64C). All pre-
viously described prediction programs showed pathogenicity
(PholyPhen-2, score of damaging = 0.98, SIFT = 0). Different
nucleotide changes at the position c¢.192G > A resulting in
p.W64X? and nearest changes ¢.191G > A (p.W64X)? have been
reported previously.

Patient 3

A 6-year-old boy from the Russian Far East, who had neither
relevant family history, no serious infections except frequent respi-
ratory infections of the upper airway since the age of 2 years, was
diagnosed with DLBL of the right testicle and was treated with 4
chemotherapy cycles within the NHL-BFM-90 protocol, added with
3 doses of rituximab. A year after the diagnosis of lymphoma, he
was hospitalized in a poor condition with right pneumothorax and
fever not responding to antibiotic therapy. Lung biopsy revealed
unspecific interstitional pneumonia with massive eosinophilic
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FIGURE 1. Family tree of patient 2. A pedigree was constructed based on the index case patient 2. Generations are designated by
Roman numerals (I to V1) ), and individuals of generation V are designated by Arabic numerals (1 to 11); The symbols used are proband
(arrow), male (box), female (circle), deceased (line through), affected male (black fill), unknown (no fill), consanguinity (double lining).
Pedigree showing the consanguinity in 2 generations in the family (IV and VI). Two male cousins of the patient’s mother (4 and 8) died
in infancy due to infections and cousin 6 was hydrocephalic. Other relatives were not checked for mutation carrier because of

postmortem genetic investigation of the proband.

infiltration and proliferation of alveolocytes. Respiratory insuffi-
ciency progressed over a week despite escalation of antibiotic
treatment and antifungal therapy. Bronchoalveolar lavage was
checked for possible viral (PCR including CMV/EBYV), bacterial,
pneumocystic and fungal causes, but no causative organism was
identified.

Pleural fluid analysis did not reveal lymphoma cells but
demonstrated a cytosis of 426 cells/mm? (leukocytes [lymphocytes
82%] and erythrocytes) and an extremely high protein level = 43
g/L (normal, 0.15 to 0.45 g/L). Immunologic investigation showed
agammaglobulinemia coupled with an increased B cells CD19 +
=29.5% (Table 1). The rapidly deteriorating clinical condition,
the lack of response to broad-spectrum antimicrobial therapy, and
the inability to make a quick differential diagnosis between
pulmonary vasculitis, lymphoma and immune pneumonitis, were
the reasons to start immunosuppressive treatment. The patient
received pulse therapy with methylprednisolone and a single dose
of cyclophosphamide 1000 mg/m?, but without response. A few
days later, the patient died due to progression of multiple organ
failure. The autopsy revealed diffuse fibrosing alveolitis of
unknown etiology with the formation of fibrosis and emphysema
of the mediastinum soft tissue without evidence of lymphoma.

The diagnosis of XLP was established postmortem. Sequenc-
ing of genomic DNA detected an insertion c.53insA resulting in a
stop codon after a 67 nucleotides.

DISCUSSION
XLP is associated with a high predisposition to lym-
phoid malignancies.> Some research groups carried out
mutational screening of SH2DI1A gene among DNA sam-
ples of male patients with B-NHL.!%!! Sandlund et al
described 5 cases of XLP diagnosed among 158 male
patients (approximately, 3.2%) presenting with B-NHL.!0
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In this article, we present case reports of 3 male
pediatric patients who were diagnosed as having XLP I
after treatment of B-NHL. In one of them (patient 1),
immunodeficiency was suspected due to the absence of Igs
despite normal B cell counts more than 1 year after B-
depleting therapy was stopped. Patient 2 was misdiagnosed
as having CVID before malignancy had developed. XLP 1
in this patient was suspected postmortem because of low Igs
level and lymphoma. In patient 3, XLP was suspected,
when he developed severe nonmalignant lung interstitial
disease, a year after lymphoma treatment.

Patients 1 and 3 in our report are very similar in their
clinical presentation. They had no serious infections before
lymphoma diagnosis and developed malignancy at the same
age (Table 1). Their serum Ig levels were not investigated
before lymphoma development. Similarities between
patients 1 and 3 may be explained by the close mutation
position (Table 1). However, patient 1 had missense
mutation, which was not described previously. It could be
the reason for the milder clinical presentation and survival
without severe infections for 7 years before lymphoma
development and (in patient 1) for 7 years after lymphoma
treatment only with Ig substitution.

Close position but another type of mutation (inser-
tion) in the SH2DI1A gene in patient 3 was likely to be the
reason for severe pulmonary complication after lymphoma
treatment. This complication was not identified during the
disease course, one of the supposed versions was pulmonary
vasculitis. Vasculitis in XLP patients was described in lit-
erature,” but to confirm the diagnosis, it is necessary to
perform immunohistologic staining, which was not per-
formed for patient 3.
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Patient 2 presented symptoms in early childhood and
fulfilled the diagnostic criteria for CVID at the age of 6
years. However, conventional Ig replacement therapy and
antibiotics were unsuccessful, and diffuse large B-cell lym-
phoma developed at the age of 14 years. To our knowledge,
the patient’s mutation p.W64C has not been reported in
literature.>> Family history may help identify a link with X
chromosome inheritance for many male patients with
immunodeficiency, but some XLP cases can be occurred de
novo.® Family tree of patient 2 (Fig. 1) was really intrigu-
ing, but does not have signs of X-linked disease inheritance.
Two male relatives died at the age of 4 and 8 months, in the
families of grandfather’s sister and brother (consangui-
neous marriage). Such complicated family history did not
allow the exclusion of additional genetic abnormalities in
this family except mutation in SH2D1A gene, which were
described earlier.!?

Dysgammaglobulinaemia and lymphoma are 2 common
manifestations in XLP I, which occur in EBV-positive as well
as EBV-negative patients.>® Laboratory data of all our
patients did not reveal the presence of EBV infection in
clinical manifestations of the disease. Previously healthy male
patients developed EBV-negative lymphoma, had no evi-
dence of infectious mononucleosis and absence of 1gG EBV
throughout the period of observation. Up to one-third of
XLP patients with lymphoma are EBV-seronegative, indi-
cating that mechanisms other than malignant transformation
of EBV-infected B cells, such as defective antitumor immu-
nosurveillance, contribute to lymphomagenesis.”

We propose SH2D 1A mutational screening be considered
in male patients with or without hypogammaglobulinemia
who received rituximab treatment for lymphoma and did not
recover IgG a year after B-depleting therapy.
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