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CBL syndrome is a Noonan-like RASopathy with heterogeneous clinical phenotype and predisposition to juvenile myelomonocytic leukemia (JMML). Here we describe two patients with identical germline CBL mutation and clinical and immune-hematological overlapping features with autoimmune lymphoproliferative syndrome (ALPS) and B-cell expansion with NF-κB and T-cell anergy (BENTA) syndrome. Increased immature/transitional B cells can be depicted in CBL syndrome, ALPS, and BENTA. Nonetheless, our patients here described showed peculiar B-cell phenotype due to increased immature/transitional CD34+ B cells. This feature differentiates CBL syndrome from BENTA, pointing toward an abnormal proliferation of B-cell early precursors.
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INTRODUCTION

Germline mutations of the CBL gene cause CBL syndrome characterized by variable phenotype involving high frequency of neurologic features, vasculitis, mild Noonan syndrome-like features, and predisposition to juvenile myelomonocytic leukemia (JMML) (1). Indeed, more than 90% of patients with JMML harbor mutations in RAS genes (NRAS or KRAS) or RAS pathway regulators (PTPN11, NF1, or CBL), which collectively share constitutive activation of RAS/MAPK signaling and therefore also called RASopathies (2). KRAS and NRAS somatic mutations have been identified in RAS-associated autoimmune leuko-proliferative disorders (RALD), which is associated with overexpansion of lymphocytes with hepatosplenomegaly, lymphadenopathy, and autoimmune phenomena, sharing some clinical and hematopathological features with autoimmune lymphoproliferative syndrome (ALPS) (3).

Although the phenotype of children affected by CBL syndrome has been increasingly delineated over time (4, 5), the immunological features of CBL syndrome have not been extensively described. Here we describe two patients with identical germline CBL mutation [c.1259G > A; (pR420Q)], expanding the immunological phenotypic spectrum of RASopathies and CBL syndrome. Overlapping features with B-cell expansion with NF-κB and T-cell anergy (BENTA) syndrome and RALD are discussed.

An 8-month-old girl with a previous history of severe infections and leukocytosis was referred to our clinic (P1). Family history was unremarkable. At the age of 4 months, she had pneumococcal encephalitis, sepsis, and status epilepticus with subsequent labyrinthitis ossificans. Abdominal ultrasound showed splenomegaly (spleen diameter of 10 cm) and hydronephrosis in the right kidney. In the following months, several urinary tract infections required two admissions and intravenous antibiotics. She presented with speech and psychomotor delay. Right sensorineural hearing loss was demonstrated.

Peripheral blood (PB) tests showed monocytosis (range 1.6–3.69 × 109/l) and thrombocytopenia. B-cell lymphocytosis (range 3.6–5.5 × 109/l) was persistent. B-cell subsets showed a predominant immature/transitional phenotype (Table 1 and Figure 1A). A bone marrow (BM) aspiration showed increased immature B cells (CD10++CD19+ CD20+CD38++; Figure 1B). No dysplastic features were noticed and megakaryocytes were rare. Karyotype was normal. Most of these immature B cells still expressed the CD34 antigen either in PB or BM.


TABLE 1. Patient characteristics at the time of first evaluation.
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FIGURE 1. (A) Increased immature/transitional B in the peripheral blood (upper panel; in red are represented CD10+CD21–CD27– transitional or immature B cells, in green CD10–CD21–CD27+ terminally differentiated B cells) and bone marrow (lower panel; in green CD34+CD38+CD10+). (B) Peripheral blood smears showing JMML in P1 (left panel): leukocytosis with monocytosis (triangle) and myeloid precursors (arrows). In the right panel, anisocytosis of platelets without leukocytosis or monocytosis in P2’s peripheral blood smear. (C) CytoScan HD Array (SNP) analysis: allelic peak (AP) graph showing large copy neutral (CN = 2) loss of heterozygosity (LOH) regions in long arm of chromosome 11, in both patients; common LOH region includes CBL gene at band 11q23.3 (red line). (D) DNA methylation patterns in the reported patients showing low-methylation status. (E) STAT5 phosphorylation consistent with JMML in P1. AP, allele peaks; CHR, chromosome; CN, copy number state; HC, healthy control; IM, intermediate methylation; HM, high methylation; LM, low methylation; LOH, loss of heterozygosity; MRK, markers/markers number; P1 and P2, patients, START/END, cytoband start/end.


At 3.5 years, JMML was diagnosed based on complete blood count (CBC) with differential, PB, smear findings and detection of CBL variant (6, 7). The CBC showed persistent monocytosis and thrombocytopenia while PB smear myelocytes and metamyelocytes were detected along with anisocytosis in either erythrocytes or platelets, some of whose were giant (Figure 1C). She has now been followed up for 46 months: over time, thrombocytopenia resolved with the persistence of monocytosis and splenomegaly.

A 16-year-old girl with a previously unremarkable medical history was referred to the Pediatric Hematology outpatient Clinic after splenomegaly was noticed during a routine examination (P2). The patient was born to non-consanguineous parents after an uncomplicated pregnancy. The CBC was normal but the PB smear analysis revealed platelet anisocytosis with giant forms and partially hypergranulated granulocytes were detected (Figure 1C). Lymphocyte subsets showed normal values. A BM aspiration showed dysplastic features. Karyotype was normal. The patient is currently 17 years old and in good clinical condition but with splenomegaly.

Both patients showed normal IgG levels. P1 showed decreased IgA and increased IgE, with no sign of atopy. P1’s and P2’s extensive autoimmunity workup was negative. Both patients had normal level of fetal hemoglobin (HbF).

Severe cytopenia and massive splenomegaly were never observed in both patients; therefore, they were strictly followed up and no further treatment options (6-mercaptopurine and/or low-dose cytarabine or splenectomy) were considered (6).

In both patients’ PBMC, the homozygous variant c.1259G > A;[p.Arg420Gln] located in the exon 9 of CBL was detected. P1 was investigated by means of target next generation sequencing (NGS) panels, which comprehended primary immunodeficiency defects (including CARD11), while trio whole-exome sequencing (WES) was performed in P2. The Sanger sequencing in DNA extracted from hair follicles detected the variant at the heterozygous status, indicating the germline origin in both patients. The single nucleotide polymorphism (SNP) array performed on PBMC suggested that CBL mutations were related to the loss of heterozygosity of chromosome 11q that included the CBL gene (Figure 1D). The DNA methylation profile was predicted to fit the low methylation class (Figure 1B). P1 showed p-STAT5 hyper-responsiveness to low doses (0.1 ng/ml) of GM-CSF assayed in CD33+CD34+ cells (Figure 1E). Due to the identification of CBL mutation, both patients underwent brain magnetic resonance and abdominal Doppler ultrasound without evidence of vasculopathy.

CBL syndrome is a Noonan-like RASopathy with heterogeneous clinical phenotype. Confirming the variant in hair follicles or fibroblasts is crucial in order to prove the germline origin of the genetic lesion and distinguishing Noonan-like syndromes from RALD. To date, more than 50 cases of CBL syndrome have been reported and the majority of them developed JMML (4). JMML is a myeloproliferative/myelodysplastic neoplasm of early childhood characterized by rapidly progressive disease requiring allogeneic hematopoietic stem cell transplantation as potentially curative treatment in the majority of the patients. Older age, elevated HbF levels, and thrombocytopenia at diagnosis correlate with the poor clinical outcome (6). Other main prognostic factors are represented by genetic subtype defined by RAS pathway mutations and methylation status (8). CBL-mutated JMML can follow an aggressive clinical course or evolve to a spontaneous regression of myeloproliferation with persistence of clonal hematopoiesis (1).

Persistent monocytosis, B-cell lymphocytosis with increased transitional B cells, and splenomegaly have been described in patients affected by RALD (3, 9). BENTA syndrome due to germline gain of function CARD11 mutations is characterized by congenital lymphoid hyperplasia (particularly splenomegaly) driven by excessive, polyclonal accumulation of B lymphocytes (9). B-cell lymphocytosis was constantly present in P1, resembling the picture already reported in RALD, BENTA, and JMML patients (9). Increased transitional B cells in the PB were detected in both of our patients with T-cell numbers within normal pediatric ranges. Our patients and another patient with CBL reported by Tejwani displayed B subset abnormalities (increased CD10+ immature/transitional B cells) (10).

Moreover, some differences between BENTA, RALD, and CBL syndrome can be drawn. It has been proposed that in BENTA syndrome, B cells may accumulate from increased B-cell output from the BM, as indicated by elevated CD10+ transitional B cells in the PB and consistent with increased immature B cells in the BM (11). Here we have further characterized the B-cell phenotype showing that a consistent number of increased immature/transitional B cells still show the presence of the CD34 antigen (Figure 1B), thus pointing toward an abnormal proliferation of B-cell early precursors rather than increased B-cell output from the BM. Recurrent and/or severe infections are common in BENTA syndrome. Although B-cell lymphocytosis has been linked to chronic EBV infection in patients with BENTA (11), P1 did not encounter EBV. CBL patients do not show decreased memory and class-switched B-cell numbers nor hypogammaglobulinemia.

Overall, these cases expand the phenotypic spectrum of CBL syndrome, which overlaps with RALD and BENTA syndrome due to the increased immature/transitional B cells.
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