CASE REPORT

Occurrence of a paroxysmal nocturnal hemoglobinuria

clone in an essential thrombocythemia: a link between

PIGV and MPL

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare ac-
quired hemopathy (about 1.3 individuals per million inci-
dence) characterized by hemolytic anemia and venous
thrombosis.! The molecular defect involved is glycosylphos-
phatidylinositol (GPI) anchor loss related to X-linked PIGA
gene mutations. Other genes responsible for the GPI anchor
biosynthesis pathway could also be involved,>® and, re-
search on their involvement in the pathophysiogenesis of
PNH and its borderline forms is being uncovered.

Here, we report a case of essential thrombocythemia (ET)
caused by a somatic mutation in MPL (c.1544G>T:p.W515L)
shortly preceded by copy-neutral loss of heterozygosity
(CN-LOH) in cis on chromosome 1, leading to homozygosity
of both the acquired MPL missense mutation and an in-
herited heterozygous stop-gain mutation in PIGV
(c.1405C>T:p.R469X) causing PNH.

Clinical presentation

In July 2017, a 73-year-old Caucasian patient was referred
to the cardiology intensive care untit due to pulmonary em-
bolism associated with cardiogenic shock. Thrombolysis
was performed, followed by anticoagulant therapy. Active
neoplasm and the antiphospholipid syndrome were ex-
cluded. The persistence of thrombocytosis after 3 months
(platelets >600 10°%/L) without any sign of infection or iron
deficiency, justified a myelogram revealing ET with a clone
size of 74% (Figure 1).

Concomitantly, glomerulopathy was identified (urinary pro-
tein to creatinine ratio [uPCr] 5.3 g/g; serum albumin 33 g/L;
39 urinary red cells/mL). Renal biopsy showed interstitial fi-
brosis with focal segmental glomerulosclerosis (FSGS).
Causes of secondary FSGS were ruled out. Increased level of
the nephrotic syndrome-associated soluble urokinase-type
plasminogen activated receptor (suPAR) was identified (731
pg/mL). Blood tests showed hemolysis (lactate dehydrogen-
ase 1,270 IU/L, undetectable haptoglobin) without schisto-
cytes or positive Coombs test (Figure 1). PNH was suspected
then confirmed by flow cytometry (80.4% CD14- CD55"
FLAER monocytes and 88.8% CD24- CD16- CD55 FLAER- gra-
nulocytes) with an 88% clone size at Q4 2017 (Figure 1).
Thus, this patient developed a massive pulmonary embol-
ism, with two underlying clonal myeloid disorders (ET and
PNH) and a nephrotic syndrome. After 24 months of treat-
ment, combining hydroxycarbamide (6,500 mg/week) and
the C5 complement inhibitor eculizumab (900 mg/2 weeks),
the clones size dramatically decreased, cell counts normal-
ized, hemolysis stopped, and uPCr decreased below 2 g/g
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Figure 1. Follow-up over time of biochemical (LDH, creatininemia,
proteinuria [urinary protein to creatinine ratio, uPCr], soluble
urokinase-type plasminogen receptor [uPAR]) and hematological
paroxysmal nocturnal hemoglobinuria (PNH) clone (flow
cytometry), variant allele frequency (VAF) of the essential
thrombocythemia (ET) clone, platelets (PLT), and leukocytes
(white blood cells, WBC) parameters. Eculizumab treatment was
first started in quarter 4 (Q4) of 2017, leading to a decrease in LDH
Hydroxycarbamide was administered in Q1 of 2018. Apart from
creatininemia, which did not vary, all other parameters followed
the evolution of the PNH/ET clone undergoing cytoreductive
treatment. The concentration of serum suPAR was assessed
using the human suPAR enzyme-linked immunosorbant assay kit
(Fine Test, EMELCA Biosciences) following the manufacturer’s
instructions.
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Figure 2. About 2 years of essential thrombocythemia/paroxysmal nocturnal hemoglobinuria (ET/PNH) clone follow-up. (A) Fish
diagram representation of mutation events in hematopoietic stem and progenitor cells (HSPC) and clonal expansion of the
essential thrombocythemia/paroxysmal nocturnal hemoglobinuria (ET/PNH) clone over time. Heterozygous mutations are depicted
as colored triangles in squares, homozygous mutations as colored squares: PIGV p.R469X red, MPL p.W515L blue, DNMT3A p.R882H
purple; the GPl-anchor is depicted as green circles. ET and PNH clone size and timeline of mutation events were determined by
variant allele frequency (VAF) of MPL p.W515L and DNMT3A p.R882H mutations in FLAER-positive and FLAER-negative sorted cells
collected in quarter 1 (Q1) of 2018. Upon hydroxycarbamide treatment, the PNH/ET clone reduced in size reaching a low of 21% in
Q4 of 2018. For cell sorting analysis, whole blood was labeled with FLAER-Alexa 488; after erythrocyte lysis, cells were
resuspended in phosphate-buffered saline (PBS) and sorted with BD Influx™ cell sorter (BD Biosciences, Software software)
(pressure 200 PSI, nozzle 100 um) according to the gating strategy. (B) Flow cytometry follow up at Q4 of 2017, Q4 of 2018, and Q1
of 2020 of the PNH/ET clone, monitoring of neutrophil and monocyte populations. After counting, white blood cells (WBC) were
incubated with pretitrated FLAER-Alexa 488 (Cedarlane Laboratories), CD16-PE (clone 3G8, Beckman Coulter), CD33-PC5.5 (clone
D3HL60.251, Beckman Coulter), CD55-PE-Cy7 (clone JS11, Biolegend), CD14-APC (clone M5E2, Biolegend), CD24-APC-Vio770 (clone
REA832, Miltenyi), CD15-V450 (clone HI98, BD Biosciences) and CD45-BV510 (clone HI30, BD Biosciences). After erythrocyte lysis
(BD FACS Lysing Solution, BD Biosciences), cells were analyzed (Navios flow cytometer, Beckman Coulter, >200,000 cells/analysis).
Percentages of FLAER- and GPl-anchored protein expressions (CD14, CD55 on monocytes [mono] and CD24, CD16, CD55 on
polymorphonuclear neutrophils [PMN]) were analyzed using Kaluza software (monocytes gated as side scatter'¥, CD45°e" and
CD33%e events; PMN gated as side scatter"e", CD45™9, and CD33™M¢ events).
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Figure 3. Illustration of the different molecular genetic explorations of the identified mutations. (A) Integrative genomic view
of 41 bp windows showing read coverage of aligned short reads from whole exome sequencing (WES) on DNA from quarter 1
(Q1) 2018 (paroxysmal nocturnal hemoglobinuria [PNH] clone sized of 94%). Varainat allele frequency (VAF) is depicted in extra
window for PIGV (R469X; chr1: 27124.258C>T), MPL (W515L; chr1:43.815.009G>T), and DNMT3A (R882H; chr2:25.457.242C>T),
hg19 reference sequence and amino acid sequence at the bottom. WES was performed using a SureSelect Human All Exon XT
V6 (Agilent) enrichment kit on DNA extracted from blood samples obtained on Q1 of 2018 (PNH clone size 94%) followed by
sequencing on a HiSeq 2500 (Illumina). Reads were mapped to GRCh37 and variants were called according to GATK™ best
practice guidelines. Variants were filtered and assessed based on ACMG guidelines. All mutations were confirmed by Sanger
sequencing. (B) Sanger sequencing trays of PIGV gene on DNA from saliva, and DNA from two blood samples (PNH clone size
94% and 57% at Q1 and Q3 of 2018, respectively). VAF is depicted by reduced chromatogram intensity of the C allele on position
c1405. (C) HomSI™ analysis of WES data on DNA from Q1 of 2018 (PNH clone size of 94%). From position 0 to 105,000,000
homozygous variants followed consecutively within a window size of 6 Mbp. Copy number abnormalities and copy-neutral loss
of heterozygosity (CN-LOH) on the p-arm of chromosome 1. CN-LOH was confirmed by chromosomal microarray (CMA)
according to manufacturer instructions using a SurePrint G3 Human CGH 4x180K oligonucleotide array (Agilent). The estimated
average distance between euchromatic oligonucleotide markers was 16.1 kb. Copy number variation (CNV) calling was
performed using Cytogenomics software (vs 4.0.3.12, Agilent) using aberration algorithm ADM-2. The mosaic aberration filter
was used with the following settings for deletions/losses: minimum size (kb) of the region for deletion 0.0, the minimum
number of probes for deletion =5, minimum absolute average Log-ratio for deletion =0.15.

Haematologica | 107 August 2022
1991



CASE REPORT

(Figure 1). He has subsequently been seen twice at 6-month
intervals by teleconsultation due to the pandemic. All his
hematological, cytological, and biochemical parameters
were stable and proteinuria remained constant at <1 g/g
(data not shown).

Results and discussion

In order to identify the molecular cause underlying the pa-
tient’s condition targeted sequencing was performed on
DNA extracted in Q4 2017 (clone size 74%) and mutations in
MPL (c1544G>T:p.W515L) and DNMT3A (c.2645G>A:p.R882H)
were discovered with a variant allele frequency (VAF) of 59%
and 29%, respectively. As mutations in PIGA were not found,
whole exome sequencing (WES) was performed on DNA
from blood extracted in Q1 2018 revealing the cause of the
increased PNH clone (size 94%): a mutation in PIGV
(c1405C>T:p.R469X) with a VAF of 93%; concomitantly, the
VAF of MPL (p.W515L) and DNMT3A (p.R882H) increased to
94% and 41% (Figure 2). Subsequent sequencing of FLAER
sorted cells isolated at Q1 2018 revealed a VAF of the MPL
(p.W515L) mutations of 86% and DNMT3A (p.R882H) 45% in
FLAER-negative cells, while the MPL mutation p.W515L was
absent in FLAER-positive cells, DNMT3A p.R882H had a VAF
of 10% (Figure 2, VAF box).

Congenital heterozygosity of PIGV p.R469X was confirmed
by Sanger sequencing of DNA from saliva. Homozygosity
of p.R469X in PIGV and p.W515L in MPL was due to a CN-
LOH in cis of almost the entire chromosome 1 p-arm in
cells derived from the mutated GPI-deficient hemato-
poietic stem and progenitor cells (HSPC), as confirmed by
exome data and chromosomal microarray analyses (CMA)
(Figure 3).

Based on the VAF of the identified mutations in cells
sorted by FLAER, we can conclude on the temporal oc-
currence of the observed somatic mutations (Figure 2).
First, an HSPC acquired a somatic mutation in DNMT3A
(p.R882H) on one allele of chromosome 2, possibly a long
time ago, in a stable manner and without malignant con-
sequences, as discussed by Sun and Babushok.® Hypo-
methylation of DNA due to mutated DNMT3A" probably
facilitated further somatic events in this HSPC: i)
homozygosity of p.R469X in PIGV giving rise to GPI-defi-
cient cells (deriving from about 14% of GPI-deficient cells
without MPL p.W515L mutation), ii) acquisition of the
p.W515L mutation in MPL and iii) finally, the triple mutant
HSPC with heterozygous mutations in DNTM3A (p.R882H),
PIGV (p.R469X ), and MPL (p.W515L) acquired CN-LOH of
almost the entire p-arm on chromosome 1, causing
homozygosity of the PIGV (p.R469X) and MPL (p.W515L)
mutations leading to GPI deficiency. Immune evasion,
clonal expansion, and dominance of the double mutant
HSPCs led to the emergence of PIGV-PNH and ET. Inter-
estingly, hemolysis, thrombosis, and the glomerular syn-
drome were observed without any signs of

autoinflammation in this patient, contrary to the reports
of PIGT and PIGB-PNH.** Thus, we speculate that a GPI
precursor with only one mannosyl group and lacking
ethanolamine residues does not trigger auto-activation of
the inflammasome. The ET-type myeloproliferative syn-
drome due to the MPL (p.W515L) mutation gave the pro-
liferative advantage to the PNH clone within a mixed
ET-PNH clone that explains the response to cytoreductive
treatment and retrogression of PNH in the patient. Inter-
estingly, a correlation between the clone size, the suPAR
serum levels, the renal disease course, and the adminis-
tration of hydroxycarbamide was observed. Although
nephrotic syndrome and FSGS are not common manifes-
tations of PNH and ET, excessive concentrations of suPAR
secreted by myeloid cells were associated with FSGS and
kidney disease in human and animal models.®"° Physio-
logically, the binding of UPAR to podocyte o f, integrins
ensures the structural stability of the podocyte cyto-
skeleton and its filtration properties.” We hypothesized
that the massive expansion of the GPI-deficient myeloid
clones may have led to the production of the high con-
centration of suPAR, which in turn may have competed
with its functional GPl-anchored form, uPAR, affecting the
podocyte integrity in the glomeruli, potentially causing
FSGS.”?

Although PIGV functions downstream of P/GA in the GPI
anchor synthesis pathway,® such a clinical course with
major thrombotic events, hemolysis, and kidney failure has
neither been described in a patient nor has it been as-
sociated with a GPI anchor deficiency before.

In summary, we described the first case of PIGV-PNH that
emerged with an ET clone. We concluded that driving mu-
tations of the myeloproliferative syndrome in combination
with mutations in genes of the GPI anchor pathway may
lead to a mixed ET-PNH clone. Finally, we showed that
cytoreductive treatment in combination with administra-
tion of eculizumab led to improvement of renal and hema-
tological outcomes.
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