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Patients with acute promyelocytic leukemia (APL) often present with potentially life-
threatening hemorrhagic diathesis. The underlying pathomechanisms of APL-
associated coagulopathy are complex. However, two pathways considered to be APL-
specific had been identified: 1) annexin A2 (ANXA2)-associated hyperfibrinolysis and 2)
podoplanin (PDPN)-mediated platelet activation and aggregation. In contrast, since
disseminated intravascular coagulation (DIC) is far less frequent in patients with non-
APL acute myeloid leukemia (AML), the pathophysiology of AML-associated hemorrhagic
disorders is not well understood. Furthermore, the potential threat of coagulopathy in non-
APL AML patients may be underestimated. Herein, we report a patient with non-APL AML
presenting with severe coagulopathy with hyperfibrinolysis. Since his clinical course
resembled a prototypical APL-associated hemorrhagic disorder, we hypothesized
pathophysiological similarities. Performing multiparametric flow cytometry (MFC) and
immunofluorescence imaging (IF) studies, we found the patient’s bone-marrow
mononuclear cells (BM-MNC) to express ANXA2 - a biomarker previously thought to be
APL-specific. In addition, whole-exome sequencing (WES) on sorted BM-MNC (leukemia-
associated immunophenotype (LAIP)1: ANXA®, LAIP2: ANXA™) demonstrated high intra-
tumor heterogeneity. Since ANXA2 regulation is not well understood, further research to
determine the coagulopathy-initiating events in AML and APL is indicated. Moreover,
ANXA2 and PDPN MFC assessment as a tool to determine the risk of life-threatening DIC
in AML and APL patients should be evaluated.

Keywords: acute promyelocytic leukemia, acute myeloid leukemia, hyperfibrinolysis, disseminated intravascular
coagulation, coagulopathy, ANXA2, PDPN, WES
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INTRODUCTION

Patients with APL often present with potentially life-threatening
hemorrhagic diathesis (1). Here, pathophysiology of APL-
associated coagulopathy is complex (2). Beside enhanced
thrombin activation inducing disseminated intravascular
coagulation (DIC), annexin A2 (ANXA2) mediated
hyperfibrinolysis has been identified as a key-pathway (3).
ANXA2, encoded by the ANXA2 gene located on chromosome
15, serves as a cell surface receptor for both, plasminogen (PLG)
and tissue-type plasminogen activator (PLAT), accelerating
plasmin formation (4). Thus, ANXA2 overexpression on APL
promyelocytes is thought to cause hyperfibrinolysis (5).

In addition to the well-known mediators of APL-associated
coagulopathy, such as tissue factor, ANXA2 and PLAT,
podoplanin (PDPN) - previously known as a marker of
lymphatic endothelial cells - has been recently identified as a
contributing factor to APL-associated hemorrhagic disorders (6).
PDPN, expressed on APL cells, leads to platelet activation and
aggregation, thus causing thrombocytopenia, prolonged bleeding
time as well as venous and arterial thrombosis (7).

In contrast, coagulopathy/hyperfibrinolysis is less frequent in
patients with non-APL AML. Therefore, 1) the potential threat of
coagulopathy in non-APL AML patients may be underestimated
and 2) underlying pathophysiology of AML-associated
hemorrhagic disorders is not well understood.

CASE DESCRIPTION

A 64-year-old man (unique patient number (UPN) 1) noticed
spontaneous bruising of the arms and legs about six weeks before
admission, at the same time progressive fatigue and night sweats
developed. Due to episodes of spontaneous, prolonged gingival
hemorrhage the patient presented to his primary care doctor two
weeks later, whereupon the patient was referred to our center. On
admission, the patient’s white blood cell (WBC) count was 5.3 x
10°/L (normal: 3.8-9.8 x 10°/L), hemoglobin was 4.65 mmol/L
(normal: 8,6-12,1 mmol/L), and platelet count was 51,000 x 10°/L
(normal 150,000-400,000 x 10°/L) with a WBC differential
including 27% neutrophils, 25% monocytes, 38% lymphocytes,
1% eosinophils, and 9% myeloblasts. Prothrombin ratio (PR) was
49% (normal: 70-120%), activated partial thromboplastin time
(aPTT) 40 s (normal: 24-36 s), initial fibrinogen level 1,28 g/L
(normal: 2-4 g/L), D-dimer level >4 pg/mL FEU (normal: <0,5
pg/mL FEU), antithrombin activity 112% (normal: 80-120%),
and the International Society on Thrombosis and Haemostasis
(ISTH) DIC score was 6 (normal < 5) all together indicating
overt DIC with ongoing hyperfibrinolysis (8). A bone marrow
biopsy was performed and the diagnosis of AML with
maturation (FAB M2) was established. Further workup
revealed a normal male karyotype, a partial tandem
duplication of KMT2A (KMT2A-PTD) as well as an IDH2 and
a SRSF2 mutation (no CBFB-MYHI1, PML-RARA or RUNXI-
RUNXITI fusion, no ASXL1, CEBPA, FLT3, NPM1, RUNXI or
TP53 mutation).

Following initiation of induction chemotherapy with a
standard “7+3” regimen, hemorrhagic diathesis worsened:
severe hyperfibrinolysis with diffuse mucosal and post-
interventional bleeding occurred. Beside extensive transfusion
of platelets, fibrinogen, prothrombin complex concentrate
(PCC), and factor XIII, application of tranexamic acid was
required to counteract coagulopathy and stabilize fibrinogen
levels. About two weeks following admission hemorrhagic
diathesis began to resolve and we could deescalate the
transfusion regimen (Figure 1).

Due to 1) primary refractory disease and 2) the adverse
prognosis associated with KMT2A-PTD, the patient was
assigned to undergo matched-unrelated hematopoietic cell
transplantation (HCT) (9).

Owing to recurrent gingival and hemorrhoidal bleeding the
patient was admitted to the HCT unit earlier than scheduled. On
re-admission, the patient s white blood cell (WBC) count was 1.93 x
10°/L (normal: 3.8-9.8 x 10°/L), hemoglobin was 4.9 mmol/L
(normal: 8,6-12,1 mmol/L), and platelet count was 57,000 x 10°/L
(normal 150,000-400,000 x 10°/L) with a WBC differential including
9% neutrophils, 31% monocytes, 49% lymphocytes, 2% eosinophils,
1% basophils and 8% myeloblasts. Fibrinogen level was <0,4 g/L
(normal: 2-4 g/L), D-dimer level >4 pg/mL FEU (normal: <0,5
pg/mL FEU), PR 39% (normal: 70-120%), aPTT 36 s (normal: 24-
36 s), antithrombin activity 99% (normal: 80-120%), and ISTH DIC
score was 8 (normal: <5), resembling the situation at initial
presentation (Figure 1). Once more extensive supplementation of
platelets, fibrinogen and tranexamic acid was required to control
ongoing coagulopathy. Simultaneously, a sequential conditioning
regimen according FLAMSA-RIC (fludarabine, amsacrine and
cytarabine followed by fludarabine, busulfan and anti-thymocyte
globulin) was performed since the patient did not achieve complete
remission. On day 70 following initial presentation the patient
underwent peripheral blood HCT from a matched unrelated donor
with HLA-DPB1 non-permissive mismatch. Cyclosporine A and
mycophenolate mofetil were administered as graft-versus-host
disease (GvHD) prophylaxis. Beyond grade 3 mucositis and
neutropenic fever, further aplasia took a complication-free course
and platelet and neutrophil engraftment occurred on day +14 and
+18 following HCT, respectively.

Two months after transplantation, examination of a bone
marrow-biopsy specimen revealed complete morphologic and
molecular remission and a full donor chimerism. On last follow-
up, 12 months after transplantation, the patient is free of
complaints and remains in complete remission.

METHODS

We determined ANXA2 and PLAT expression on the patient’s
(UPN1) bone marrow derived mononucleated cells (BM-MNCs)
via multiparametric flow cytometry (MFC) and
immunofluorescence staining of cytospin samples (IF).
Furthermore, PDPN expression was examined via IF. Further,
whole exome sequencing (WES) was performed on sorted UPN1
BM-MNC:s populations: Briefly, DNA - isolated from BM-MNC
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FIGURE 1 | Severe, recurring coagulopathy with hyperfibrinolysis. ISTH DIC score; fibrinogen and D-dimer levels; PR, aPTT and FXIIl as well as platelet count over
time; dashed lines indicate upper limit of normal (ULN) for ISTH DIC score and lower limit of normal (LLN) for fibrinogen, PR, platelet count, respectively. alloHCT,
allogeneic hematopoietic cell transplantation; aPTT, activated partial thromboplastin time; DIC, disseminated intravascular coagulation; FLAMSA-RIC, sequential
conditioning regimen (fludarabine, amsacrine and cytarabine followed by fludarabine, busulfan and anti-thymocyte globulin); FXIll, factor Xill activity; IT1 DA, induction
chemotherapy: daunorubicin and cytarabine; ISTH, International Society on Thrombosis and Haemostasis; PR, prothrombin ratio.

populations - was quantified using the Qubit dSDNA HS Assay
(Q32851, Life Technologies). Library construction was
performed from isolated DNA using TruSeq DNA Nano
Sample Preparation kits (Illumina, San Diego, California, USA)
according to the manufacturer’s instructions and indexed
libraries were paired end (2x151 bp) sequenced on Illumina
HiSeqX instrument (Illumina). FASTQ files were generated
using the BCL2 fastQ pipeline (bcl2fastq 2.19.0.316). Per
sample, on average 498M (range 455M-514M) read ends were
obtained. HG19 was used as reference genome for bioinformatic
analyses. The bioinformatics evaluation was performed using the
Biomedical Workbench from CLC (12.0.3) using a customized
analysis algorithm with following filters: coverage >/=25, variant
allele frequency >/=10%. SN'Vs were further annotated for their
biological effect and filtered based on SNV-quality, minimum

number of supporting reads and biological relevance (non-
synonymous SNVs). Variant assessment/classification was
performed using VarSome, which includes—among others—
ClinVar and dbSNP databases, population frequency
information from gnomAD and in-silico prediction tools such
as FATHMM, SIFT, REVEL and Polyphen2 (10). Only variants
classified as pathogenic, likely pathogenic or variants of
uncertain significance (VUS) - according to the American
College of Medical Genetics and Genomics (ACMG) - were
reported (11). BM-MNCs obtained from a patient with APL
(UPN 2), a patient diagnosed with AML (FAB M2) with
KMT2A-PTD and an IDH2 mutation without evidence of DIC
(UPN3), and a healthy donor served as positive and negative
control, respectively. Here, BM-MNCs were obtained from the
Study Alliance Leukemia (SAL) biobank, which has been
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approved by the Ethics Committee of the TU Dresden
(EK98032010). Written informed consent had been obtained
from all participants.

RESULTS AND DISCUSSION

MFC revealed pronounced ANXA2 expression on patients BM-
MNCs (SSC'midCpgsdim) (Figure 2A). Furthermore, MFC
identified two leukemia-associated immunophenotypes (LAIP)

with low (LAIP1: $SC°™CD45%"CD13*CD33 "HLA-DR"CD56
CD117%) and high (LAIP2: $SC*"™“CD45%™CD13°CD33"HLA-
DR'CD56'CD117") ANXA2 expression, respectively (Figure 2A).
Notably, via MFC no ANXA2 expression was seen on healthy
donor BM-MNCs (SSC™4CD45%™) (data not shown).

IF confirmed marked ANXA2 expression on patients BM-
MNCs and demonstrated distinct ANXA2/PLAT co-expression,
resembling UPN2 (APL) BM-MNCs phenotype (Figure 2B). In
contrast, PDPN expression was exclusively seen on UPN2 BM-
MNCs. BM-MNCs obtained from UPN3 (AML with maturation;

and box color indicates the type of genomic alteration. Variants in bold print are

A
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FIGURE 2 | Assessment of patients BM-MNCs via MFC, IF and WES. (A) Assessment of ANXA2 in UPN1 BM-MNCs populations via MFC: BM-MNCs
(SSCMACD459™) [red] showed distinct ANXA2 expression on initial presentation as well as pre alloHCT. On closer examination, 2 LAIP were identified: LAIP1
(SSCMACD459MCD13*CD33 HLA-DR*CD56 CD117+) [blue] showed nearly no ANXA2 expression, whereas LAIP2 (SSC'MICD459™ CD13 CD33*HLA-
DR*CD56"CD117*) showed excessive ANXA2 expression [purple]. FMO: negative control [grey]. (B) Assessment of ANXA2, PLAT and PDPN via IF: BM-MNCs from
UPN1 showed marked ANXA2 and PLAT expression, whereas no PDPN expression was observed. BM-MNCs from UPN2 (a patient diagnosed with APL) expressed
ANXA2, PLAT as well as PDPN, whereas BM-MNCs from UPNS (a patient diagnosed with AML (FAB M2) with KMT2A-PTD and an IDH2 mutation without evidence
of DIC) neither showed ANXA2 nor PDPN expression, only low-level PLAT expression was observed. Scale bar corresponds to 20um. (C) Mutational profile of LAIP

1 (MFC ANXA2°) and LAIP2 (MFC ANXA2") as assessed by WES; T-lymphocytes served as a germline-like control. Columns represent LAIPs, rows represent genes

exclusively found in LAIP2. Asterisk indicates previously known variants in IDH2 and

SRSF2. alloHCT, allogeneic hematopoietic cell transplantation; ANXA2, annexin A2; AU, arbitrary units; BM-MNCs, bone marrow derived mononucleated cells; DIC,
disseminated intravascular coagulation; FMO, fluorescence minus-one; LAIP, leukemia-associated immunophenotype; MFC, multiparametric flow cytometry; PLAT,
tissue-type plasminogen activator; PDPN, podoplanin; UPN, unique patient number; WES, whole-exome sequencing.
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evidence of KMT2A-PTD and IDH2 mutation; no evidence of DIC)
showed neither ANXA2 nor PDPN expression, arguing against a
correlation between evidence of KMT2A-PTD and/or IDH2
mutation and presence of DIC. In contrast, as a possible
genotype/phenotype association, DiNardo et al. reported two
patients diagnosed with AML with evidence of t(10;11)(p12;q23)
translocation (KMT2A-MLLTIO0 rearrangement) presenting with
DIC (12). However, 1) these patients presented with KMT2A-
MLLTIO fusions, but not KMT2A-PTD and 2) in larger studies
DIC was not reported as frequent event in adult patients diagnosed
with t(v;11q23.3); KMT2A rearranged AML (13-15). To further
evaluate LAIP2 (MFC ANXA2") as compared to LAIP1
(MFC ANXA2°) we performed whole exome sequencing (WES)
on sorted BM-MNCs populations. Here, T-lymphocytes
(SSC°CD45"#M"CD7") served as a germline-like control. WES
identified a total 24 variants (4 pathogenic variants, 3 likely
pathogenic variants, 17 VUS) in 21 genes including the previously
known IDH2 and SRSF2 mutations: ATXNI, CLIC6, DDX51,
GOLGA6L2, HTT, IDH2, MAML2, MUC4, MUCI19, MXRAS,
NACA, PCLO, PIEZO1, PRG4, PTPRZI, RBBP6, SLC9BIPI,
SRSF2, TRBV7-8, UBXN11, ZNF208 - all variants are reported in
detail in Supplementary Table 1 (Figure 2C and Supplementary
Table 1). Thereof, mutations in the following genes were exclusively
seen in LAIP2 (MFC ANXA2™): CLIC6, DDX51, HTT, MUC4,
PIEZO1, PRG4, PTPRZI. Here, previous studies found mastermind
like 2 (MAML?2) to be a rare fusion partner of KMT2A in patients
with myelodysplastic syndromes and secondary AML as well as
acute lymphoblastic leukemia (ALL); mucin 4 (MUC4) expression
to be associated with adverse prognosis in AML and piezo type
mechanosensitive ion channel component 1 (PIEZOI) frequently
mutated in patients with hereditary xerocytosis, hereditary
stomatocytosis, respectively (16-18). Although mutational
profiling demonstrated high intra-tumor heterogeneity and clonal
architecture, genomic characterization could not provide a valid link
to the severe coagulopathy with hyperfibrinolysis, coagulation in
general, respectively.

Herein we report a non-APL AML patient with clinical and
pathophysiological APL features. Although ANXA2 mediated
hyperfibrinolysis is a hallmark of APL, this hemorrhagic disorder
can also occur in other AML subtypes. In contrast, PDPN
expression and associated coagulopathy appears to be specific
for APL (7). Therefore, MFC assessment of ANXA2 expression
could be a useful tool to determine the risk of potentially life-
threatening coagulopathies in patients with newly diagnosed
AML. In addition, PDPN should be evaluated as a novel
marker of APL/APL-associated hemorrhagic diathesis.

Since complications due to coagulopathies are one of the major
causes of morbidity and mortality in AML patients, a high level of
vigilance for DIC is indicated (19, 20). According to the
“Management of hemostatic complications in acute leukemia:
Guidance from the SSC of the ISTH” guideline, frequent
evaluation for coagulopathy (complete blood count (CBC), PR,
aPTT, fibrinogen level, b.i.d.) was performed; further a standardized
score was used to diagnose/reevaluate DIC (21). Transfusion
support for platelet count <20 x 10°/L and fibrinogen level
<1,5 g/L was performed. In contrast to the ISTH guideline, which

recommends against the routine use of antifibrinolytic agents,
tranexamic acid (TA) - a lysine derivate with antifibrinolytic
activity by inhibiting the activation of plasminogen - was
administered additionally to prevent major hemorrhage. The
evidence supporting the use of antifibrinolytic agents in acute
leukemia patients remains limited. Despite anecdotal reports
claiming beneficial effects of TA in APL patients, the GIMEMA
and PETHEMA studies both did not demonstrate differences in
incidence of hemorrhagic death as compared to standard treatment
(1, 22, 23). However, recent randomized, controlled trials found that
administration of TA reduces hemorrhage-associated mortality in
post-partum and trauma patients without increasing the risk of
thromboembolic events (24, 25). Accordingly, further research
regarding usage of TA in the context of AML/APL-associated
coagulopathy is warranted.

To conclude, further research to 1) evaluate ANXA2 MFC
assessment as a tool to determine the risk of life-threatening DIC
in AML patients, 2) investigate PDPN as a marker of APL/APL-
associated coagulopathy, 3) determine the efficacy and safety of
antifibrinolytic agents in preventing hemorrhage in people with
hematological malignancies, and 4) understand the genetic
background and upstream regulation of ANXA2 and PLAT
and coagulopathy-initiation in non-APL AML and APL clones,
is indicated.
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