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To the Editor,

Phosphoglucomutase 3 (PGM3) is a glycosylation enzyme
that catalyzes Glc-NAc-6-P conversion to Glc-NAc-1-P; its
downstream product, UDP-GIcNAc, is an essential glyco-
sylation precursor [1]. PGM3 deficiency is an autosomal
recessive congenital disorder of glycosylation for which
a variety of clinical features have been described: atopy,
recurrent infections (especially cutaneous, respiratory, and
gastrointestinal infections from Staphylococcus aureus, can-
didiasis, or viral etiologies), enteropathy, neurologic mani-
festations, bone marrow failure, and skeletal dysplasia [1-3].
PGM3 deficiency was first described in 2014 in patients with
hyper-IgE syndrome (HIES) phenotype characterized by
recurrent infections, atopy, and elevated serum IgE [1, 2].
Patients may also present during infancy with severe com-
bined immunodeficiency (SCID), neutropenia, and skeletal
defects. Symptomatic management of PGM3 deficiency may
involve antimicrobial therapy and immunoglobulin replace-
ment as applicable. Correction of immune system abnormal-
ities by hematopoietic stem cell transplantation (HSCT) has
been reported in some cases [3], but data on the efficacy and
safety of HSCT for PGM3-deficient patients remains scarce.

We report the case of an infant with PGM3 deficiency due
to compound heterozygous mutations in PGM3, including
a de novo missense variant, who presented with combined
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immunodeficiency and was treated with HSCT. At presenta-
tion the patient was a term 3460-g Hispanic female born to
a 38-year-old multiparous HIV-negative mother via vaginal
delivery following an uncomplicated gestation. There was no
history of parental consanguinity or family history of known
inborn errors of immunity, fetal demise, or early childhood
death. Newborn screening collected at 24 h showed abnor-
mal T-cell receptor excision circle (TREC) assay. Examina-
tion at 2 weeks of life was remarkable for oral and diaper
candidiasis, with no obvious dysmorphic features. CBC with
differential was remarkable for leukopenia (3700 cells/pL),
lymphopenia (1900 cells/pL), severe neutropenia (300 cells/
pL), and eosinophilia (900 cells/pL). Lymphocyte subset
analysis revealed markedly decreased numbers of CD3%
lymphocytes (305 cells/pL, normal 1928-5622 cells/pL),
CD4* T cells (211 cells/uL, normal 1199-4100 cells/pL),
and CD8* T cells (47 cells/pL, normal 578-1598 cells/pL).
CD19" B cells were also decreased (398 cells/pL, normal
636-2829 cells/pL), whereas the CD167/CD56™ natural
killer cell count was slightly elevated (1594 cells/pL, normal
247-1427 cells/pL). Immunophenotyping of T cells revealed
a low percentage of CD4*CD45RA™" naive T cells (18%,
normal 64-95%) with a reciprocal increased percentage of
CD4*CD45RO" memory T cells (81%, normal 2-22%).
Mitogen studies were notable for decreased CD45™" total
lymphocyte proliferative response (28.1%, normal >49.9%)
and decreased CD3* T cell proliferative response (39.6%,
normal > 58.5%) to phytohemagglutinin. Serum IgG level
was normal for age (895 mg/dL, presumably via mater-
nal transplacental transfer), but serum IgA and IgM levels
were below the limit of detection (< 8 mg/dL and <25 mg/
dL, respectively). Serum IgE levels were normal for age at
12.4 TU/mL (normal 2-34 TU/mL). No significant abnor-
malities were detected on skeletal survey, liver ultrasound,
kidney ultrasound, echocardiogram, or brain MRI. Inter-
estingly, chest X-ray confirmed the presence of a thymic
shadow. Given concern for a combined immunodeficiency,
the patient was started on antimicrobial prophylaxis and
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immunoglobulin replacement. Filgrastim was initiated for
neutropenia, and the patient demonstrated a partial response,
with a median neutrophil count of 750 cells/pL.

On day of life 18, a targeted gene panel was performed
which was negative for 25 disease-causing genes, accounting
for approximately 90% of cases of SCID. Due to the high
suspicion for a combined immunodeficiency, rapid whole-
genome sequencing was performed at day of life 39 on an
Illumina next-generation sequencing platform by Perki-
nElmer Genomics. The patient was found to be heterozygous
for two pathogenic variants in the PGM3 gene: a PGM3
c.1049 T > 6 (p.11e350Thr) missense variant in the sugar-
binding domain and a PGM3 c.1558C >T (p.Arg520Ter)
nonsense variant in the phosphate-binding domain. The
p-11e350Thr variant, which was maternally inherited, has
been previously described as a hypomorphic mutation that
decreases PGM3 enzymatic activity [4]. The p.Arg520Ter
nonsense variant had been observed in seven alleles in the
general population and was predicted to be pathogenic, but
the variant had not been previously reported in patients with
PGM3 deficiency or primary immunodeficiency. Interest-
ingly, the p.Arg520Ter variant was not detected in either par-
ent. Paternity was confirmed through comparison of single
nucleotide polymorphisms, indicating that the p.Arg520Ter
variant arose de novo.

Given the patient’s cellular immunodeficiency and
severe neutropenia, allogeneic HSCT was deemed poten-
tially life-saving and was performed on day of life 105
using 5/6 HLA-matched umbilical cord blood. The patient
underwent a reduced-intensity conditioning with alemtu-
zumab (0.2 mg/kg daily from day — 14 to day — 10), fludara-
bine (1 mg/kg daily from day — 8 to day —4), and melphalan

(4.7 mg/kg on day — 3). GVHD prophylaxis consisted of
tacrolimus and mycophenolate mofetil. Her course was
complicated by sinusoidal obstructive syndrome at HSCT
day + 7, which resolved with defibrotide and diuretics.
Neutrophil engraftment occurred on day + 14, and she has
been independent of immunoglobulin replacement since
day + 102. Her lymphocyte counts normalized by day + 173
(Fig. 1). Mitogen studies at 6 and 12 months post-HSCT
showed normal lymphocyte proliferative responses to
phytohemagglutinin. The patient developed stage 2 acute
GVHD of the skin (overall grade 1 acute GVHD) that
responded to topical corticosteroids; tacrolimus was dis-
continued at 7 months post-HSCT. Chimerism studies
show full donor engraftment with >95% donor CD3+ T
cells and CD33 4+ myeloid cells at 12 months post-HSCT.
No additional HSCT complications or manifestations of
PGM3 deficiency have been identified at 13 months post-
transplant, and the patient has achieved normal growth and
developmental milestones.

Our case demonstrates the importance of newborn screen-
ing and the need to maintain a high index of suspicion when
evaluating for inborn errors of immunity. During the evalua-
tion of this infant with abnormal TRECs, lymphopenia, neu-
tropenia, and eosinophilia, we identified a previously unre-
ported de novo mutation associated with PGM3 deficiency.
While were unable to verify decreased PGM3 protein levels
or functional activity due to the urgency for definitive treat-
ment with HSCT and clinical research restrictions posed by
the COVID-19 pandemic, the clinical phenotype and patho-
genic mutations in PGM3 strongly support a diagnosis of
PGM3 deficiency. As PGM3 deficiency was not originally
identified with initial targeted genetic sequencing, we also
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emphasize (1) the expanded role of large targeted sequenc-
ing panels in diagnosing inborn errors of immunity, which
have a comparable cost profile to small targeted sequencing
panels, and (2) that rapid whole-genome sequencing was
critical in our infant’s timely diagnosis.

The role of HSCT in the management of PGM3 defi-
ciency has limited evidence to date. In 2014, Stray-Ped-
ersen and colleagues described a patient with PGM3 defi-
ciency who had HSCT at 4 months via 6/6 HLA-matched
unrelated umbilical cord blood transplant, with correction
of leukopenia and no infections, and neurodevelopmen-
tal status notable for global developmental delay [3]. A
second patient also described by Stray-Pedersen and col-
leagues in 2014 had HSCT at 6 years via HLA-identical
sibling umbilical cord blood, with resultant engraftment,
correction of lymphocyte function, and neurodevelop-
mental status notable for mild speech delay [3]. Though
these patients each had successful outcomes following
transplantation, additional detail including conditioning
regimen and long-term clinical outcomes are not avail-
able. In 2021, Fusaro and colleagues described a patient
with PGM3 deficiency who had HSCT via HLA-matched
sibling at 8 months of life following busulfan (cumulative
area under the curve 21,984 pmol/mL) and fludarabine
160 mg/m? conditioning, resulting in full donor engraft-
ment at day + 14. However, the patient had several post-
HSCT complications (pulmonary veno-occlusive disease,
respiratory failure, autoimmune hemolytic anemia, chronic
organizing pneumonia, neurologic impairment with hypo-
tonia, and deafness) and eventually died at 8 months post-
HSCT from infection [5]. Our case illustrates that umbili-
cal cord blood HSCT with reduced-intensity conditioning
can safely and effectively correct immunodeficiency and
neutropenia due to PGM3 deficiency, although the patient
will require long-term surveillance for disease manifesta-
tions in other tissues.

This case also emphasizes the heterogeneous clini-
cal phenotype of PGM3 deficiency. Our patient lacked
the HIES-like features, skeletal abnormalities, and neu-
rodevelopmental disabilities described in some patients
with PGM3 deficiency [1, 2], although this may be due
in part to the early identification of our patient. Interest-
ingly, individuals homozygous for the p.Ile350Thr mis-
sense variant identified in our patient were highly prone
to infections but lacked abnormalities of the nervous or
skeletal systems [4], suggesting that this mutation primar-
ily affects immune function. The phenotypic consequences
of the p.Arg520Ter nonsense variant in our patient are
unclear, but other people with mutations in the phosphate-
binding domain of PGM3 had severe T cell lymphopenia
in the absence of dysmorphic findings or neurocognitive
impairment [6]. Thus, it is likely that the p.Arg520Ter
mutation in PGM3 also predominantly impacts immune

cell function and/or development. As additional cases of
PGM3 deficiency are identified as a result of newborn
screening, we are eager to elucidate whether early treat-
ment with HSCT corrects both immune and non-immuno-
logical manifestations of PGM3 deficiency.
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