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To the Editor:
Immunodeficiency, centromeric instability and facial

anomalies syndrome (ICF) is a rare autosomal recessive con-
dition (OMIM 242860) characterized by pericentromeric
chromosome instability and a heterogeneous clinical presen-
tation of recurrent infections, neurologic abnormalities, and
facial dysmorphism (hypertelorism, macroglossia, and
micrognathia) [1]. In ICF syndrome, defects in DNA methyl-
ation at the pericentromeric regions of chromosomes 1, 9, and
16 lead to cytogenetic abnormalities which are prone to break-
age [1–3]. Pathogenic variants in four genes have been recog-
nized to date; DNA methyltransferase 3B gene (DNMT3B)
causing ICF1, Zinc-finger and BTB domain-containing 24
gene (ZBTB24) causing ICF2, and cell division cycle associ-
ated 7 gene (CDCA7) and helicase lymphoid-specific gene
(HELLS) causing ICF3 and ICF4, respectively [2]. The most
common subtype, affecting approximately 50% of patients, is

ICF1 [1]. Immunologic abnormalities in ICF1 result from this
epigenetic dysregulation and include defective lymphocyte
differentiation, activation, and migration, as evidenced by ab-
sent CD19+CD27+ class switched memory (CSM) B cells,
hypogammaglobulinemia, and sub-optimal T cell prolifera-
tion with antigen stimulation. Subsequently, patients suffer
from recurrent pyogenic infections, opportunistic infections,
and failure to thrive [3–5].

Treatment for the immunologic manifestations of ICF1 in-
cludes early immunoglobulin replacement and prophylaxis for
opportunistic organisms; however, recurrent infections fre-
quently lead to shortened lifespan, with affected patients rare-
ly surviving beyond the second decade [4]. The only curative
option for the immunodeficiency associated with ICF1 is he-
matopoietic cell transplant (HCT), which has been reported in
less than 10 cases of ICF1 worldwide [3, 6–8]. All previously
reported patients seemingly had successful correction of their
hypogammaglobulinemia and reported full donor chimerism
following either myeloablative or reduced intensity condition-
ing (RIC); however, data regarding long-term follow up after
transplant is limited. Herein, we describe the case of a
Caucasian male who presented at age 6 months with recurrent
infections, was subsequently diagnosed with ICF1 syndrome,
and underwent HCT at 22 months of life with immune
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reconstitution in the setting of mixed donor chimerism. We
believe this to be among the first successfully transplanted
case of ICF1 in the United States, and the first reported case
of successful correction of the underlying immune deficiency
despite mixed donor chimerism following HCT.

The patient is a Caucasian male born to non-
consanguineous parents and product of a normal pregnancy.
He presented at the age of 6 months with fever, respiratory
symptoms, severe neutropenia (initial ANC 0), adenovirus,
and coronavirus (subtype OC43) by PCR on nasopharyngeal
swab, right middle lobe pneumonia on chest x-ray, as well as
astrovirus gastroenteritis and adenoviremia. He was at 30th
and 10th centiles for weight and height respectively, had gross
and fine motor developmental delay, subtle hypertelorism, flat
nasal bridge, epicanthal folds, and syndactyly of his second
and third toes with no familial history of this trait. Work up for
his neutropenia, including anti-neutrophil antibodies and
ELANE sequencing analysis, was normal as was his TREC
newborn screen. At 8 months of age, he had four admissions
for recurrent neutropenic fevers, polyviral respiratory infec-
tion (rhinovirus and human metapneumovirus), and presumed
superimposed bacterial pneumonia (bacterial and fungal cul-
tures on bronchoalveolar lavage were ultimately negative,
though obtained after antibiotic treatment). He was found to
have panhypogammaglobulinemia (IgG < 30, IgM 7, IgA 7,
all mg/dl) and absent vaccine antibody responses to tetanus
and diphtheria, despite having received all age-appropriate
immunizations (Table 1). Flow cytometry was notable for
normal total CD19+ B cell counts but absent CD19+CD27+

IgM−IgD− CSM B cells at age 10 months (Table 1).
Lymphocyte proliferation to mitogens demonstrated normal
response to ConA, PWM, and PHA. Bone marrow biopsy
demonstrated normal marrow with trilineage hematopoiesis.
He was started on intravenous immunoglobulin replacement
at 9 months of age. A targeted next-generation sequencing
(NGS) panel for inborn errors of immunity genes showed
compound heterozygous variants in trans [c.1957G > A
(p.Asp653Asn) and c.2292G > T (p.Arg764Ser)] in the
DNMT3B gene, initially both classified as variants of un-
known significance. One variant (c.2292G > T) was later
reclassified as likely pathogenic (Fig. 1S). Karyotype assess-
ment of phytohemagglutinin (PHA)-stimulated peripheral
blood lymphocytes showed the classic chromosomal anoma-
lies seen in patients with ICF1, confirming the diagnosis at age
12 months (Fig. 2S).

At age 22 months, the patient received 10/10 HLA
MRD (matched related donor) bone marrow HCT (total
nucleated cells of 6.88 × 10^8/kg) from his brother, age
4.5 years, who did not carry either of the DNMT3B vari-
an t s . The pa t ien t underwent RIC [9 , 10] wi th
alemtuzumab of 0.9 mg/kg (day −14 to −12), fludarabine
150 mg/m2 (day −8 to −4), melphalan 140 mg/m2 (day −3
to-2) and thiotepa 10 mg/kg (day −1) and received

methotrexate and tacrolimus for graft versus host disease
(GvHD) prophylaxis. Absolute lymphocyte count (ALC)
was 7191 cells/mm3 pre-conditioning and 0 following
alemtuzumab. Neutrophil engraftment was achieved on
day +13. His initial post-transplant course was complicat-
ed adenovirus reactivation treated successfully with anti-
virals. The patient was discharged on day +26 after hav-
ing received one additional dose of intravenous immuno-
globulin, after which he did not require any additional
immunoglobulin replacement post-transplant.

Sorted chimerism obtained on day 30 showed 98% donor
cells in whole blood, CD3+ T cell and CD33+ myeloid frac-
tions. However, on day 60 the patient started to develop mixed
chimerism, and by 3 months post-transplant demonstrated
84% donor cells in peripheral blood with 59% sorted CD3+
T cells and 82% myeloid fractions (Table 1). Immune sup-
pression was weaned from D+ 100 and discontinued on day
130. A CD34+ selected stem cell boost (6.3 × 10^6/kg) from
his brother was given on day +198 with an intent to improve
declining chimerism [11]. Chimerism has remained mixed but
stable at 2.5 years post-transplant (Table 1). Despite this
mixed chimerism, his immunologic studies demonstrated nor-
mal izat ion of IgG, product ion of recent thymic
emigrants, detection of CSM B cells and protective response
to vaccines (Tables 1 and 2). At 2.5 years of follow up, the
patient is doing well with complete immune reconstitution and
no significant infections. At the time of this publication, he is
4 years old, attends pre-school, and continues to receive oc-
cupational, physical and speech therapies for developmental
delay.

This case highlights the role of HCT in correcting the
immune dysregulation in patients with ICF1, curing the
underlying immunodeficiency and improving quality of
life, even in the presence of mixed donor chimerism.
There are very few reports of HCT for ICF1 in the liter-
ature. Five cases from Europe have reported HCT for
patients with DNMT3B mutations using either RIC (three
patients) or fully myeloablative conditioning (two pa-
tients), all of whom had immune reconstitution, and were
able to discontinue immunoglobulin replacement [3, 6, 8].
Additional reports of transplant for ICF in the literature
for unclear subtype include: two patients with ICFX (now
classified as ICF3 or ICF4), one patient for unspecified
ICF [12] and a patient transplanted for MDS with a his-
tory of ICF [1]. The only other report of HCT for ICF1 in
the United States does not provide details of conditioning
or post-transplant course [7]. There has also recently been
report of successful HCT in the United States for a patient
with ICF2 with 98–100% donor engraftment at 300 days
post-transplant [13]. Of all cases for which chimerism
data have been reported in HCT for ICF1, only one dem-
onstrated decline in whole blood donor chimerism, which
subsequently improved to 100% following unconditioned
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Table 1 Immune reconstitution post-HCT

Comparison of baseline immunoglobulins, vaccine titers, immunophenotyping (T/B/NK and CD45 RO/RA), and donor chimerism were collected pre-
transplant and monitored for 2.5 years post-transplant (Table 1). Patient had normal phytohemagglutinin-stimulated lymphocyte proliferation, T cell
function, and percentages of naïve T cells (CD45 + RA) pre-transplant. Patient received CD34+ stem cell boost on day +197 with no effect on chimerism
(between 6-month and 9-month data). At 1 year and 2.5 years following transplant, advanced immunophenotyping of T and B cells was performed
(Table 2). At 2.5 years following transplant, additional evaluation for recent thymic emigrants (CD4 + CD45RA +CD31+) was performed which was
appropriate for age at 43% of CD4+ T cells (Table 2). Reference ranges are shown in parentheses. Bolded values indicate outside of reference range

Flow Cytometry Methodology: Whole EDTA blood was used for multiparametric immunophenotyping. A large panel of T and B cell subset markers
and regulatory T cells were assessed by flow cytometry at different time points. Clinical T cell panel analysis prior to transplant was performed on a BD
Canto II instrument and data was analyzed with FCS Express v. 7 (De Novo software, Pasadena, CA). Advanced immunophenotyping after transplant
was performed as follows: Briefly, one million cells, either from whole blood or PBMCs, were stained with either markers for T cell subsets, B cell
subsets to identify naïve and memory T cells and recent thymic emigrants (CD45RA, CD45RO, CD62L, CCR7, CD27, and CD31), memory B cell
subsets (CD27, IgD, IgM, IgG, and IgA). For analysis, 10,000 CD45+ lymphocytes for TBNK subset quantitation and 10,000 CD45+ for expanded T
and B cell phenotyping were collected on a CytoFlex® flow cytometer (Beckman Coulter, La Brea, CA) with data acquisition using Kaluza C v. 1.1®
software (Beckman Coulter).

Abbreviations: Ig indicates immunoglobulin; CD4+, T helper cells (CD4+); CD8+, Cytotoxic T cells; CD56+, NK cells; CD19+, B cells, CD45 + RA
(naïve T cells).
* Initial reference range based on established values for our laboratory.
** Reference ranges adjusted after changes in laboratory methodology.
≠Data collected for patient and compared with 45 matched control patients, median value for controls is shown in parentheses.
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boost infusion of marrow from the original donor [6]. In
contrast, our patient had no response to a stem cell boost
and has had persistent stable mixed chimerism, yet
achieved effective immune reconstitution with no further
chimerism decline or loss of graft.

This patient’s mixed chimerism is likely related to the RIC
preparative regimen for HCT. The use of RIC regimens for
allogeneic HCT—particularly those containing alemtuzumab,
fludarabine, and melphalan—in patients with nonmalignant dis-
ease is common. The use of these regimens is often complicated
by the high incidence of mixed donor and recipient chimerism,
as high as 80% [14]. In our patient the addition of Thiotepa to the
conditioning did not change the outcome. Unlike hematologic
malignancies where complete replacement with donor derived
hematopoiesis is desirable for a cure, non-malignant disorders
can often be controlled in the presence of mixed chimerism.
Also, patient with nonmalignant disorders where single lineage
abnormalities cause disease, relevant lineage specific engraft-
ment is typically curative. Given that ICF is an immunodeficien-
cy affecting the lymphoid linage, higher level of engraftment in
the CD3 and CD19, as was seen in our patient, should be ade-
quate to provide cure. This maybe the result of selective advan-
tage for these lineages that would allow the use of RIC regimens
to limit organ toxicity, late effects, and increase tolerability es-
pecially in young recipients. Serial tracking of chimerism and
immune monitoring is necessary until stability is ensured. In the
event of unstable or mixed chimerism, intervals between testing
should be shorter to determine additional interventions such as
donor lymphocyte infusions, stem cell boosts, or second trans-
plant. We plan to continue chimerism testing, paired with im-
mune monitoring, for our patient every 6 months until 5 years
post-HCT if the values remain stable.

ICF1 is a rare disease, and it is difficult to draw conclusions
from examination of a few patients. In our case, as in those
reported previously, HCT was curative for the immunodefi-
ciency associated with ICF1. Our patient has had improved
quality of life and has been off immunoglobulin replacement,
has not had any serious infections, and has not been hospital-
ized since transplant. It is important to note that HCT is un-
likely to improve the extramedullary defects and neurological/
developmental manifestations of ICF1. Other manifestations
such as autoimmunity, for which HCT has an unclear effect,
have been described in ICF1 but were not present in our pa-
tient. Ultimately, long-term follow up is crucial to better un-
derstand the impact of HCT for ICF1, and we hope our case
provides additional insight into this rare disease.
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