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Pearson marrow pancreas syndrome (PS) is a multisystem disorder caused by mito-
chondrial DNA (mtDNA) deletions. Diamond-Blackfan anemia (DBA) is a congenital
¢ PS can be overlooked in the
differential diagnosis of
children with severe
congenital anemia.
* miDNA deletion testing
should be included in
the genetic evaluation
of patients with congenital
anemia of unclear
etiology.

hypoproliferative anemia in which mutations in ribosomal protein genes and GATA1
have been implicated. Both syndromes share several features including early onset of
severe anemia, variable nonhematologic manifestations, sporadic genetic occurrence,
and occasional spontaneous hematologic improvement. Because of the overlapping
features and relative rarity of PS, we hypothesized that some patients in whom the
leading clinical diagnosis is DBA actually have PS. Here, we evaluated patient DNA
samples submitted for DBA genetic studies and found that 8 (4.6%) of 173 genetically
uncharacterized patients contained large mtDNA deletions. Only 2 (25%) of the patients
had been diagnosed with PS on clinical grounds subsequent to sample submission. We
conclude that PS can be overlooked, and that mtDNA deletion testing should be
performed in the diagnostic evaluation of patients with congenital anemia. (Blood.
2014;124(3):437-440)

Introduction

In 1979, Pearson and colleagues described 4 patients with severe
anemia characterized by sideroblasts and vacuolization of marrow
precursors, and pancreatic dysfunction.' Pearson marrow pancreas
syndrome (PS) is caused by large deletions in mitochondrial DNA
(mtDNA), which accounts for the metabolic acidosis and variable
tissue dysfunction in patients.>* Deleted mtDNA in patients’ cells
exists in varying proportions relative to normal mtDNA, a mixture
termed heteroplasrny.4 Changes in heteroplasmy are thought to
underlie differences in disease manifestations and evolution in
patients,” including spontaneous hematologic improvement. The
incidence of PS is unknown, with only ~100 patients described in
the literature since Pearson’s original report.®

Diamond-Blackfan anemia (DBA) is characterized by severe
hyporegenerative, macrocytic anemia with erythroblastopenia,” and
variably associated congenital malformations, growth retardation, and
elevations in erythrocyte adenosine deaminase and/or hemoglobin F
levels.®° In 50% to 60% of DBA patients, mutations in ribosomal

protein (RP) genes or GATAI are found, with a high frequency of
sporadic cases because of de novo mutations.'®'? The majority of
patients respond to an initial course of corticosteroid (CS) therapy,
and ~20% of all patients enter a steroid- and transfusion-free
“remission” by adulthood.”'*'* DBA is more frequently occurring
than PS, with an estimated incidence of 1-2/100 000 and ~1000 cases
in the literature.'>'>'

DBA and PS share important features including early onset of
severe anemia, variable nonhematologic manifestations, sporadic
genetic inheritance, and episodes of spontaneous hematologic
improvement. Because of these features and the rarity of PS
relative to DBA, we hypothesized that some patients in whom the
leading clinical diagnosis is DBA actually have PS. To test this
hypothesis, we retrospectively tested DNA samples from patients
who enrolled in a DBA genetics research study. Prior studies from
this DBA cohort have yielded the novel identification or confirmation
of mutations and deletions in RP genes or GATAI'7'® in 175 of 362
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Figure 1. mtDNA analysis identifies 8 patients with PS in a cohort of DBA patients. (A) Long PCR, showing the preferential amplification of deleted mtDNA fragments
from 8 patients in the DBA cohort, relative to amplification of wild-type (WT) mtDNA. (B) Map of the human mitochondrial genome, with genes (blue), transfer RNAs (tRNAs;
yellow), ribosomal RNAs (rRNAs; red), and origins of DNA replication for heavy (H) and light (L) strands indicated. The extent of mtDNA deletions and corresponding patient
numbers are shown by the black lines. Purple arrows represent location of the long PCR primers. Southern blot probe used in panels C and D is indicated in green. (C)
Southern blot analysis of peripheral blood DNA from patients and normal controls, cut with BbvCl. WT mtDNA shows the expected, 16.5-kb linearized fragment. Deleted
mtDNA (AmtDNA) remains uncut and migrates as circular monomeric and oligomeric species. The lanes shown are from the same blot, rearranged to match the order of patients in
the text. Sufficient peripheral blood DNA was not available from patients 2 and 5. (D) Southern blot analysis of peripheral blood DNA from patients and normal controls cut with Nhel
or Clal to linearize all species of mtDNA. The proportion of deleted mtDNA (AmtDNA [%]; ie, heteroplasmy) is shown for each sample. The lanes shown are from 3 different blots,
arranged to match the order of patients in the text. Sufficient peripheral blood DNA was not available from patient 5. (E) Bone marrow evaluation of patient 4, showing classic
features of PS. Wright-Giemsa stain of bone marrow showing mild hypocellularity and vacuoles in precursors (left; x40 objective). Magnified image of vacuoles (arrows) in myeloid
precursors (center; X100 oil-immersion objective). Prussian blue stain (for iron) of bone marrow aspirate, showing a ringed sideroblast (arrow) (right; X100 oil-immersion objective).

samples (48%), a proportion similar to that found in other DBA
registries.

Study design

Patient material

Biological samples were procured under protocols approved by the
Institutional Review Board at Boston Children’s Hospital and after
written informed consent in accordance with the Declaration of Helsinki.
The protocol and patient cohort has been described previously.'”'®

Long-range polymerase chain reaction (PCR) and
deletion mapping

Peripheral blood genomic DNA (50 ng) was amplified using primers 5328F (5'-
CCATCATAGCCACCATCACCCTCC-3') and humitoDloopR (5'-CTT
TATGACCCTGAAGTAGGAACC-3") using iProof HF Master Mix
(Bio-Rad). Deletion junctions were mapped using PCR and Sanger
sequencing, and nucleotide positions assigned per the revised Cambridge
Reference Sequence of human mtDNA (GenBank NC_12920).

Southern blot

Genomic DNA (1 pg) was digested with BbvCl, Clal, or Nhel (New England
Biolabs), separated on a 0.6% agarose gel and transferred to nylon membrane.
Hybridization of the >*P-labeled probe shown in Figure 1B was performed
using Rapid-Hyb buffer (GE Healthcare).

Results and discussion

We used a long PCR strategy to screen DNA samples from the
DBA cohort, by amplifying an 11.2-kb region of mtDNA where
pathological deletions are found.” We detected large mtDNA
deletions in 8 of 173 genetically uncharacterized samples (4.6%;
Figure 1A-B), but in none of 152 patients with known DBA-
associated mutations. The detected mtDNA deletions ranged in
size from 2.3 kb to 7.0 kb, 5 of which were novel, and 3 of which
were previously described, including the 4977-bp “common
deletion”?° (Figure 1A, Table 1, and supplemental Table 1 available
on the Blood Web site). Southern blot analysis using BbvCI, whose
unique site is lost in all deletions, revealed that the deleted mtDNA
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Table 1. Clinical and molecular characteristics of 8 patients with PS in the DBA cohort

mtDNA A Knew CS therapy: Reached transfusion Mcv Erythroid Outcome
Patient  size (bp) Dx? duration/outcome  Other therapy HSCT independence? (fL) hypoplasia? RS? Vacuoles? (age)
1 2309 No Yes: 8 wk/CMV Epo: no Yes No 119 Yes No Yes Deceased
hepatitis response (29 m.o.)
2 4403 No Yes: 3 y/deemed N.a. No Yes N.a. N.a. N.a. N.a. Alive (3 y.0.)
responsive
3 4419 Yes Yes: 4 mo/adrenal — No Yes 126 Yes No Yes Alive (7 y.o.)
insufficiency
4 4623 No Yes: 8 wk/no — Yes No 136 Yes Yes Yes Deceased
response (25 m.o.)
5 4977 Yes N.a. N.a. No Yes N.a. N.a. N.a. N.a. Alive (9 y.0.)
6 4977 No No* — No No 110 Yes No Yes Alive (1y.0.)
7 5149 No Yes: 6 mo/no GCSF: ANC No No 97 Yes No Yes Deceased
response improved (19 m.o.)
8 6956 No No GCSF: ANC No Yes 105 Yes Yes Yes Alive (6 y.0.)
improved

ANC, absolute neutrophil count; CMV, cytomegalovirus; A, deletion; Dx, diagnosis; Epo, erythropoietin; GCSF, granulocyte colony stimulating factor; HSCT,
hematopoietic stem cell transplantation; MCV, mean corpuscular volume; m.o., months old; N.a., information not available; RS, ringed sideroblasts; y.o., years old.

*CS trial planned, but PS diagnosis made prior to intervention.

existed as monomeric or oligomeric species (Figure 1C). On southern
blots using Nhel or Clal, whose unique sites are preserved in deleted
and normal mtDNA, these species resolved into single bands,
indicating a single deletion event (Figure 1D). We quantified het-
eroplasmy and found that in all patients with contemporaneous
hematologic abnormalities, the burden of deleted mtDNA was high,
ranging from 69% to 76% of total mtDNA; whereas, interestingly, in
one transfusion-independent patient (patient 2), it was only 26%
(Figure 1D). These results establish the molecular diagnosis of PS in 8
out of 173 genetically uncharacterized patients in the DBA cohort.

Follow-up with referring providers in the 1-month to 8-year time
span since sample submission revealed that only 2 patients (patients
3 and 5) were eventually diagnosed with PS on clinical grounds, both
of whom were alive and transfusion independent (Table 1; sup-
plemental Text). Of the remaining 6 undiagnosed patients, in only 1
(patient 8) was clinical mtDNA testing performed, but in this case,
mtDNA sequencing was conducted and did not detect the patient’s
mtDNA deletion. Three of the 6 undiagnosed patients had died, 2
after HSCT and 1 from bacterial sepsis. Two of the other 3
undiagnosed, living patients had reached transfusion indepen-
dence (Table 1).

A review of laboratory and clinical data available on 6 patients
(patients 1, 3, 4, 6, 7, and 8) showed that all had macrocytic anemia
and developed pancytopenia (Table 1; supplemental Table 1 and
supplemental Text). On retrospective bone marrow examination, all
patients had erythroid hypoplasia and vacuolated progenitors, but
ringed sideroblasts were present or reported in only 2 patients
(Table 1; Figure 1E). Dysplastic changes were apparent in 5 of the 6
patients, and importantly, monosomy 7 was documented in patient 8,
which resolved on follow-up. These results demonstrate the variable
presence of “classic hallmarks” and frequent dysplastic changes in
the bone marrow examination of PS patients.

Five patients underwent a trial of CSs, with 4 showing no
hematologic response, and 1 patient (patient 2) deemed responsive
with improvement in hemoglobin levels, but without a trial off CSs
to establish therapeutic efficacy (Table 1). Two patients (patients 7
and 8) received granulocyte colony stimulating factor because of neu-
tropenia, with 1 patient (patient 8) treated continually until transfusion
independence. Erythropoietin yielded no benefit in the single patient
treated. These results show that there is no clear benefit from CS

therapy in patients with PS, and a role for cytokine growth factors
remains to be established.

Our findings illustrate several important points. First, PS is easily
overlooked in the differential diagnosis of patients with congenital
anemia. The primary reason may be lack of familiarity with this
disorder, but our experience shows that both PS and DBA can share
an identical presentation of severe neonatal hyporegenerative anemia,
in the absence of other clinically apparent, “classic hallmarks” of PS
such as pancreatic insufficiency, sideroblasts, and metabolic acidosis.
Second, several pitfalls confound the diagnosis of DBA and PS. DBA
remains a clinical diagnosis in many cases because the genetic
characterization of DBA is incomplete and a clinically validated
functional test for DBA is not available. Appropriate testing for
mtDNA deletions will readily identify patients with PS, but because
of heteroplasmy, sequencing of short mtDNA fragments amplified
by PCR will not identify large deletions. Moreover, standard whole
exome sequencing strategies do not target mtDNA. Third, establishing
the diagnosis of PS as distinct from DBA and other bone marrow
failure syndromes impacts disease surveillance and management, as
well as family counseling regarding recurrence risk. CSs do not benefit
patients with PS and may exacerbate infectious and metabolic
complications. Here and elsewhere,?' myelodysplastic changes were
motivating factors for HSCT, but whether these features represent
a preleukemic condition in PS is uncertain. Finally, the overall
burden of mtDNA deletions in this cohort (8/362 patients; 2.2%)
exceeds the frequency of mutations in several DB A-associated genes
including RPL26, RPS7, RPS17, RPS24, and GATAI.3'® We pro-
pose that mtDNA deletion testing should be performed during the
initial genetic evaluation of all patients with congenital anemia.
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