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Abstract: The concurrence of Myelodysplastic syndromes (MDS) and large granular lymphocyte leukemia (LGLL)
has been reported in a small group of patients and might suggest an etiologic relationship rather than a simple
coincidence. In this present study, clinicopathological features were detailed in ten cases of MDS concurrent with
LGLL (MDS-LGLL). These cases included seven patients with T-LGLL, two with mixed-phenotype LGLL, and one with
CLPD-NK. Subsequently, gene mutation screening for commonly myeloid-related or lymphoid-related genes was
performed in MDS-LGLL patients by using next generation sequencing (NGS). The genes with the highest frequency
of mutations were ASXL1 (3/10, 30%) and STAG2 (3/10, 30%) among a panel of 114 genes. LGLL-associated muta-
tions of STAT3 (2/10, 20%) and STAT5b (1/10, 10%) were also detected. Moreover, whole-exome sequencing (WES)
and gene ontology (GO) analysis for one patient in his different phases revealed increased enrichment of histone H3
lysine 4 (H3K4) mono-methylation (GO:0097692) pathway and decreased enrichment of translocation of ZAP-70 to
immunological synapse (R-HAS-202430) pathway upon progression from MDS to MDS-LGLL.
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ontology analysis

Introduction

Myelodysplastic syndromes (MDS) are a group
of heterogeneous malignant hematopoietic
stem cell (HSC) disorders characterized by
blood cytopenia and frequently progress to
acute myeloid leukemia (AML) [1]. Increasing
evidences suggest that cellular immunodefi-
ciency participates in pathogenesis of MDS [2].
Immune alterations are complex and inter-
twined with hematopoiesis and bone marrow
(BM) microenvironment dysfunction in MDS [2].
Moreover, immunosuppressive treatment for a
subgroup of MDS patients, such as antithymo-
cyte globulin (ATG) or cyclosporine, may signifi-
cantly improve anemia and neutropenia [3].

Large granular lymphocyte leukemia (LGLL) are
under the categories of T and natural killer (NK)

cell lymphomas and usually indole [4]. There
are three subtypes of LGLL, approximately 85%
of reported LGLL cases are the T-cell large gran-
ular lymphocyte leukemia (T-LGLL) subtype,
10% of cases described as Chronic lymphopro-
liferative disorder of NK-cells (CLPD-NK) and
the last 5% are aggressive NK-cell leukemia
[5, 6]. T-LGLL and CLPD-NK exhibit similar clini-
cal and biologic pattern, but different immuno-
phenotype. Generally, T-LGLL cells exhibit a
mature post-thymic phenotype, mostly dis-
playing CD3+, CD4-, CD5dim, CD8+, CD16+,
CD27-, CD28-, CD45RA+, CD57+ and TCRap+;
whereas CLPD-NK cells feature CD2+, CD3-,
CDh4-, CD8+, CDi16+, CD56+, CD94+ and
TCRapB- [7].

A small part of patients have been reported
with MDS concurrent with LGLL (MDS-LGLL)
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over the past decades [8-10]. Lower hemoglo-
bin level and erythroid dysplasia are more com-
mon in patients with MDS-LGLL comparing with
MDS patients [8, 9]. However, limited data have
been collected on the genetic defects of MDS-
LGLL patients as Next-generation sequencing
(NGS) and Whole-exome sequencing (WES) to
detect pathogenic mutations were not widely
used until last decade [11]. Herein, we not only
described the clinicopathologic, immunophe-
notypic features of MDS-LGLL cases, but also
analyzed the genetic mutations by NGS, WES
and Gene ontology (GO) analysis.

Materials and methods
Patients

Atotal of 42 adult MDS patients with a possible
concurrence of LGLL were identified from 721
patients diagnosed with MDS in Guangdong
Provincial People’s Hospital between January
2015 and December 2019. In the end, 10
patients were confirmed with MDS-LGLL based
on the review of clinical records, results of
bone marrow morphologic examination, immu-
nophenotype, immunohistochemistry and TCR
gene rearrangements (Table 1) [1, 4]. All study
participants provided informed consent form in
accordance with the Declaration of Helsinki
and the research was approved by the ethics
committee of the Guangdong general hospital
(NO. GDREC2015167H).

Flow cytometry analysis

Flow cytometric analysis specifically detected
CD2, CD3, CD4, CD5, CDh7, CD8, CD16, CD27,
CD28, CD45RA, CD56, CD57, CD94, NKG2A,
NKG2C, CD158a, CD158b, CD158e, TCRaf
and TCRyd and carried out on peripheral blood
(PB) samples via standard methods. Data were
collected using the FACS flow cytometer (BD
Biosciences, Sunnyvale, CA, USA) and analyzed
by Flowjo 10 software. We assessed Vj3
TCR cell surface protein repertoire to identify
clonality of T-LGL cells. The expression of a sin-
gle KIR antigen (CD158a, CD158b, or CD158¢€)
is used as acknowledged indicator of clonality
of NK-LGL cells [12].

T cell receptor gene rearrangement analysis

We extracted total cellular DNA and carried out
the PCR amplification with Biomed-2 primers
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targeting TCRb, TCRg, TCRd [13]. The clonality
of the PCR product is processed via heterodu-
plex analysis and Gene Scanning analysis.

Next-generation sequencing

The NGS was applied using DNA extracted from
BM mononuclear cells. The experiment was run
under the condition of the mean depth as 170-
fold. Sanger sequencing was employed to con-
firm the regions of low quality. Based on the
prior implication in the pathogenesis of myeloid
and lymphoid disease on the Blood Website,
114 genes were selected and targeted with
In-Silico coverage of 100% (Table S1).

Bone marrow biopsy and immunohistochem-
istry

A bone marrow biopsy was necessary when the
count of LGLs in PB is insufficient to diagnose
[12]. We performed Immunohistochemical
stains of bone marrow biopsies from MDS-LGLL
patients for CD3, CD8, CD57, CD16, CD56 and
Granzyme B (GzB) using methods previously
described [8].

Diagnostic criteria for MDS-LGLL

According to morphological evidence, blood
test, flow cytometry, karyotype or molecular
genetics [14], patients with MDS were diag-
nosed and classified on the basis of the 2016
WHO criteria and the revised International
Prognostic Scoring System (IPSS-R) [1, 15].

In order to diagnose LGLL, the immunopheno-
typically distinct population of each patient
should fit the diagnostic criteria of T-LGLL or
CLPD-NK. According to preceding studies, the
diagnose of T-LGLL need meet at least 3 of
the 4 criteria as follows [16, 17]: (1) T cells
express complete/partial loss of one or more
pan-T-cell antigens (CD2, CD5, CD7) and co-
expression of one or more NK-cell antigens
(CD16, CD56, CD57, CD94, NKG2A); (2) Iden-
tification of T-cell clonality by TCRvb or TCR
gene rearrangement; (3) Infiltration of cyto-
toxic T-cell in bone marrow; (4) Persistence of
the abnormal T-cell population or unexplained
cytopenia for more than 6 months. Likewise,
the diagnose of CLPD-NK require at least 3
of the 4 criteria as follows: (1) Loss of CD2,
CD7, or CD56 in NK cells; (2) Identification of
NK-cell clonality by restricted or absent expres-
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Table 1. Clinical features and laboratory findings of patients with Myelodysplastic syndromes concurrent with Large granular lymphocytic leuke-
mia (MDS-LGLL)

Patient Case No. Ages()g(and Her?g/gl_lgjbm (x Alggc/l_) (x Eél /L) (x /:IIE)E/L) szagcg);:)t CSS;LT:;? MDS Diagnosis IPSS-R Cytogenetics
1 65/Female 53 1.88 8 1.61 0.72 E,G MDS-MLD Intermediate Good
2 54/Male 105 0.65 145 9.25 4.96 E,G,M MDS-MLD Low Good
3 33/Female 50 211 259 4.47 1.30 E,M MDS-EB-2 High Good
4 68/Male 50 1.16 64 1.65 0.08 E,G MDS-EB-2 High Good
5 50/Female 74 0.20 284 1.13 0.11 E,G M MDS-EB-2 High Intermediate
6 71/Male 56 1.07 17 0.85 0.35 E,G MDS-MLD Intermediate Good
7 79/Female 75 0.71 163 1.13 0.34 E,G MDS-U Intermediate Good
8 47/Male 75 0.93 48 1.3 0.35 E,M MDS-MLD Intermediate  Intermediate
9 74/Male 80 0.81 264 2.65 1.03 E,M MDS-RS-MLD Low Good
10 60/Female 75 0.72 99 1.50 0.54 E,G MDS-MLD Intermediate Good

E, erythroid; G, granulocyte; M, megakaryocyte.

Table 2. Morphologic features, immunophenotype, immunohistochemistry and molecular analysis of patients with myelodysplastic syndromes
concurrent with large granular lymphocytic leukemia (MDS-LGLL)

Case No. PB-LGL BM-Lym CD3+CD57+ CD3-CD16+ Flow cytometric Findings Immynohistochemical Clonal TCR
(%) (%) (%) CD56+ (%) Findings by PCR

1 45 19 41.73 2.57 CD3+, CD8+, CD4-, CD2+, CD7-, CD5dim, CD56-, CD16-, CD57+, CD3+, CD8++, CD57++, + (TCRB)
TCRo/B+ GzB++

2 25 20.5 53.6 0.04 CD2+, CD3+, CD5dim, CD7dim, CD11c+, CD16+, CD57+, TCRa/B+, CD3+, CD8++, CD57++, + (TCRB, TCRy)
TCRvB7.1:97.28% GzB++

3 29 39.5 15 5.01 CD2+, CD3+, CD8+, CD4-, CD56-, CD57+, CD16-, CD7dim, CD28-, CD3+, CD8++, CD57+, GzB- + (TCRB)
CD5+, TCRa/B+, TCRvB14:15.45%

4 5 9 NA 13.71 CD3+, CD8+, CD4-, CD56-, CD16-, CD5- CD3++, CD8++, CD57+, + (TCRB, TCRJ)

GzB+++

5 10 23.5 235 19.9 CD3+, CD4dim, CD8+, CD16-, CD56dim, CD57+, CD5+, CD2+, CD3+, CD8+, CD57+, GzB++ + (TCRp, TCRJ)
CD7-, CD27-, CD28-, CD69+, TCRa/B+, TCRVB2:36.28

6 41.6 38 10.61 41.62 CD3-, CD8+, CD57-, CD56+, CD16+, CD4+, CD25+, CD69+ CD3-, CD8++, CD57+, CD16-, + (TCRB)

CD56+, GzB++

7 29.8 15 NA 29.41 CD3-, CD8+, CD4-, CD16+, CD56+, CD5-, CD69+, HLADR+, CD3-, CD8++, CD57++, + (TCRB, TCRy)
Restricted KIR (CD158b) CD16+++, CD56++, GzB++

8 26.8 63 15.78 1.64 CD3+, CD5dim, CD7+, CD2+, CD56dim, CD57dim, TCRa/B+, TCRy/ NA + (TCRB, TCRd)
odim, CD16-

9 39 25 8.2 34.77 CD3-, CD16+, CD56+, CD8dim, CD7+, CD2+, CD5-, HLADR-, CD4-, CD3-, CD8+, CD16++, -
CD57-NKG2C-, NKG2Adim, Restricted KIR (CD158b) CD56++, GzB+

10 36.2 12 36.24 7.57 CD3+, CD8+, CD57 partical, CD2+, CD7 partical, CD16-, CD56-, CD3+, CD8++, CD57++, GzB- + (TCRy)

CD4-, CD69-, CD5+, TCRai/ B+

NA: not available.
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sion of KIRs via a flow cytometry assay; (3)
Infiltration of cytotoxic NK-cell in bone marrow;
(4) Persistent existence of the abnormal NK-cell
population or unexplained cytopenia for more
than 6 months [17].

Whole-exome sequencing (WES)

Whole exome regions were targeted and
sequenced by Novaseq6000. After sorting via
Samtools-1.8, removing PCR duplicates by
Picard 2.19.1 and indexing by Samtools-1.8,
we used GATK V3.8 to call variation, including
single nucleotide substitution and short inser-
tion/deletion (Table S2).

Gene ontology (GO) analysis and protein-pro-
tein interaction (PPI) analysis

GO pathway analyses were performed using
the R package cluster profiles and Database
for Annotation, Visualization, and Integrated
Discovery (DAVID). These Analyses aimed to
predict the potential functions in biological pro-
cess (BP), molecular function (MF), and cellular
component (CC). PPI analysis was applied to
analyze the Mutated genes at the protein level
by STRING and to visualize molecular interac-
tion networks by Cytoscape.

Results
Clinical features and laboratory findings

The clinical features and laboratory findings of
MDS-LGLL patients, five men and five women
with a median age of 62.5 years, are summa-
rized in Table 1. All patients had anemia at ini-
tial diagnosis, with the hemoglobin ranging
from 50 to 105 g/L (reference range, 115-150
g/L) with a median of 74.5 g/L. Eight patients
suffered neutropenia, the absolute neutrophil
count (ANC) is from 0.20 to 2.11 x 10°%/L
(reference range, 1.80-6.30 x 10°%/L, median,
0.87 x 10°/L). Thrombocytopenia occur in five
patients. The count of platelet (PLT) is from 8
to 284 x 10°%/L (reference range, 125-350 x
10°%/L, median, 122 x 10°/L). The absolute lym-
phocyte count (ALC) ranged from 0.85 to
9.25 x 10%/L (reference range, 1.10-3.20 x
10°%/L, median, 1.56 x 10°/L). The count of
absolute large granular lymphocyte (LGL)
ranged from 0.08 to 4.96 x 10°%/L.

The subgroups of MDS were five patients with

MDS-MLD, three MDS-EB-2, one MDS-U and
one MDS-RS-MLD. Erythroid dysplasia could be
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observed in all the MDS-LGLL patient. Cyto-
genetic abnormalities only occurred in two pa-
tients: case 5 (+8, 20g-) and case 8 (+8). Ten
patients with MDS-LGLL had been followed up.
The OS was defined as the time from the diag-
nosis to the date of death from any causes or to
the last follow-up. Survival analysis was con-
ducted using the Kaplan-Meier method, and
95% confidence intervals (Cls) were estimated
in comparison to a reference risk of 1.0 (Figure
S1). Up to now, 7 cases (7/10, 70%) survived
and 3 cases (3/10, 30%) died. The median OS
was 17.5 months (95% Cl 10.75-51.25) (Figure
S1).

Pathologic and immunophenotypic features

The morphologic features, immunophenotype,
immunohistochemistry and molecular analysis
of MDS-LGLL cases are summarized in Table 2.
These cases included seven patients with
T-LGLL (Case 1, 2, 3, 4, 5, 6, 10), two with
mixed-phenotype LGLL (Case 7, 8), and one
with CLPD-NK (Case 9).

With cytoplasm that contains azurophilic gran-
ules, LGL cells are larger than circulating
peripheral lymphocytes, which make it easy to
identify on a PB smear (Figure 2A). The me-
dian percentage of LGL was 29.4% (range,
5%-45%) on PB smears, and lymphocytes in
bone marrow biopsy specimens was 22% with
a range from 9% to 63%.

An aberrant T-cell or NK-cell population was
identified in each case by flow cytometry
(Table 2). T-cells that CD3+, CD8+, CD4- were
expressed in five cases, and CD5 was positive
expressed in six cases, with dim intensity in
three cases. Positive expression of CD7 was
detected in five cases, dim in two cases and
partical in one case. Five cases were TCRap+
and TCRyd- and one case was TCRof+ and
TCRyddim+. Take case 2 for example, a dis-
tinct and clonal population of T-LGL cells was
shown (CD2+, CD3+, CD5dim, CD7dim, CD8+,
CD11c+, CD16+, CD38+, CD57+, TCRa/B+)
TCRvpB: TCRvV7.1 (97.28%) (Figure 1A). However,
flow cytometry of case 9 showing a distinct
and clonal population of NK-LGL cells (sCD3-,
c¢CD3-, CD7+, CD56+, CD2+, CD5-, CD4-, CD8-
dim, CD94+, CD158a-, CD158b+, CD158e-,
NKG2C-, NKG2Adim) (Figure 1B). TCR V[ analy-
sis was performed in seven patients among
which three were monoclonal expression. KIRs
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Figure 1. Flow cytometric immunophenotype of two cases of Myelodysplastic syndromes concurrent with large granular lymphocytic leukemia (MDS-LGLL). A. A
distinct population of T-LGL cells showed by Flow cytometry of case 2 (CD2+, CD3+, CD5dim, CD7dim, CD8+, CD11c+, CD16+, CD38+, CD57+, TCRa/B+), TCRvb:
TCRv7.1 (97.28%). B. Flow cytometry of case 9 showing a distinct population of NK-LGL cells (sCD3-, cCD3-, CD7+, CD56+, CD2+, CD5-, CD4-, CD8dim, CD94+,
CD158a, CD158b+, CD158e-, NKG2C-, NKG2Adim).
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Figure 2. Representative histomorphology of two cases of Myelodysplastic syndromes concurrent with Large granu-
lar lymphocytic leukemia (MDS-LGLL). A. Interstitial lymphoid infiltrate (hematoxylin-eosin staining (HE), x 400),
positive expression of CD3, CD57, Granzyme B (GzB) and CD8 by immunoperoxidase stain (x 400) in case 2. B.
Bone marrow core biopsy specimens showed interstitial lymphoid infiltrate (HE, x 400), Interstitial lymphocytes are
positive for CD8, CD16, CD56, GzB and negative for CD3 by immunoperoxidase stain (x 400) in case 9.

restriction (CD158b) could be identified in case
7 and case 9.

An interstitial infiltratration of CD3+ T cells was
identified in six cases, CD8 and CD57 were
positive in all cases by immunohistochemical
analysis (Table 2). CD16+CD56+ NK cells were
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identified in two CLPD-NK cases. Granzyme B
was positive in seven cases and negative in
two tested cases. Figure 2A showed findings
of Immunohistochemical stains of case 2 that
diagnosed with MDS-T-LGLL. Interstitial lym-
phoid infiltrate (HE, x 400), positive expression
of CD3, CD57, Granzyme B (GzB) and CD8 by

Am J Cancer Res 2021;11(4):1616-1631
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Table 3. Mutational profile of patients with Myelodysplastic syndromes concurrent with Large granular
lymphocytic leukemia (MDS-LGLL) by Next-generation sequencing (NGS)

Patient Case No. Mutational Genes

STAT3, TP53, DNMT3A, ATM
CEBPA, WT1, STAG2, TP53, ATG2B
DIS3, STAT5B, DDX41, PRDM1
RUNX1

TIN, ZMYM3

STAG2, TIN, ATM, PTPRT, MUC16
ASXL1, U2AF1, TET2

© 00 N O O B~ WN B

[N
o

U2AF1, ASXL1, STAG2, EZH2, KIT, NOTCH1

DDX41, CUX1, EZH2, CSF3R, FAT1, RELN

FAT1, SETBP1, ASXL1, FLT3, CBL, GATA2, STAT3, PAX5, PTEN, SH2B3, TNFAIP3, ANKRD26, CDC25C, DIS3

immunoperoxidase stain (x 400). Moreover,
patient 9, diagnosed with MDS-CLPD-NK, bone
marrow core biopsy specimens showed intersti-
tial lymphoid infiltrate (HE, x 400), Interstitial
lymphocytes are positive for CD8, CD16, CD56,
GzB and negative for CD3 by immunoperoxi-
dase stain (x 400) (Figure 2B).

All patients exhibited TCR3 and/or TCRy gene
rearrangements by TCR gene rearrangement
analysis, with the exception of case 9 that diag-
nosed with MDS-CLPD-NK (Table 2).

Gene mutations analyses by NGS

We sequenced 114 genes across ten patients
with MDS-LGLL by NGS and oncogenic muta-
tions were identified in 37 genes (Table 3). The
histone modification ASXL1 (3/10, 30%) and
cohesin complex STAG2 (3/10, 30%) were the
most frequently mutated genes in the panel,
followed by ATM (2/10, 20%), STAT3 (2/10,
20%), TP53 (2/10, 20%), U2AF1 (2/10, 20%),
EZH2 (2/10, 20%), DDX41 (2/10, 20%), TIN
(2/10, 20%), FAT1 (2/10, 20%) and DIS3 (2/10,
20%) (Figure 3). The mutation rates of STAT5b,
CUX1, SH2B3, TET2, DNMT3A, SETBP1, FLT3,
CBL, GATA2, PAX5, PTEN, TNFAIP3, ANKRD26,
CDC25C, PTPRT, MUC16, KIT, NOTCH1, PRDM1,
CSF3R, RELN, CEBPA, WT1, ATG2B and ZMYM3
were 10% (1/10). More than 3 mutated genes
could be detected in eight patients.

GO pathway enrichment and PPI network
analyses

GO pathway analyses were conducted to ex-
plore the underlying pathways and biological
processes in MDS-LGLL of the mutated genes
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from two BM samples of case 2 (J9575M
and Y4935) (Figure 4). J9575M was detected
1045 mutated genes and was collected at
2015-01-04 while the diagnosis of patient was
MDS-MLD. 1044 mutated genes were detect-
ed in Y4935 which was collected at 2019-03-
27 when the patient was diagnosed with MDS-
LGLL. Figure 4A showed the top 20 pathways
significantly enriched in molecular function
(MF), biological process (BP) and cellular com-
ponent (CC) of mutated genes. Mutated genes
were found to mainly concentrate in structural
constituent of epidermis in J9575M and extra-
cellular matrix structural constituent in Y4935
In the MF group, keratinocyte differentiation in
in J9575M and keratinization in Y4935 in the
BP group. In the CC group, keratin filament in
JO9575M and intermediate filament in Y4935
were mainly enriched. Figure 4B showed hier-
archical clustering analysis of the top 20 pa-
thways with the biggest difference between
mutated genes of J9575M and Y4935. As sh-
own, the enrichment of H3K4 monomethylation
(G0O:0097692) significantly increased in Y4935,
while the genes related to Translocation of ZAP-
70 to immunological synapse (R-HAS-202430)
pathway were less enriched.

A cohort of 247 mutated genes (Y4935) were
filtered into the PPl network complex contain-
ing 238 nodes and 413 edges via the STRING
online database (Figure 5A). Figure 5B sum-
marizes three significant modules from the
PPl network complex for further analysis via
Cytoscape MCODE. Function annotation clus-
terings manifest clear association of Cluster 1
with cytokeratin pathway, Cluster 2 with mucins
function, and complicated interaction in Cluster

Am J Cancer Res 2021;11(4):1616-1631
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tient No.
Mutated gene

autoimmune diseases, malig-
8 nancy history, certain drugs or

ASXL1 (n=3)
STAG2 (n=3)
ATM (n=2)

medications, post splenecto-

my, and post-hematopoietic

stem cell transplant (HSCT) [7,
18, 19]. Reactive LGL expan-

STAT3 (n=2)

TP53 (n=2)

sions are mainly seen in PB
but rarely seen in the BM in-

U2AF1 (n=2)

filtrate [18]. In our study, we

EZH2 (n=2)

DDX41 (n=2)

TIN (n=2)

ruled out the factors that may
lead to reactive LGL prolifera-
tion. Though previous guide-

FATI (n=2)

DIS3 (n=2)

CUX1 (n=1)

STAT5b (n=1)

lines necessitate an increase
of > 2.0 x 10%L for > 6
months in circulating LGLs to
make a definitive diagnosis of

SH2B3 (n=1)

LGLL [4], patients with fewer

TET2 (n=1)

than 2.0 x 10°%L LGLs are

DNMT3A (n=1)

often seen with clonally ex-

SETBP1 (n=1)

panded LGLs. Therefore, a

FLT3 (n=1)

more reasonable diagnosis

CBL (n=1)

for LGL is believed to be

GATAZ2 (n=1)

between 0.2-2 x 10%/L or
even below 0.2 with evidence

PAX5 (n=1)

of clonality in the LGL popula-

PTEN (n=1)

tion and clinical or hemato-

TNFAIP3 (n=1)

logical features [20].

ANKRD26 (n=1)

CDC25C (n=1)

Although a part of patients

had been reported with MDS

PTPRT (n=1)
MUC16 (n=1)

concurrent with T-cell large

granular lymphocyte (LGL) pr-

KIT (n=1)
NOTCHI (n=1)

oliferations over the past de-

PRDM1 (n=1)

CSF3R (n=1)

cades [21, 22], there are 31
MDS-LGLL cases have been

RELN (n=1)

RUNX1 (n=1)

reported since 2001 [8, 9,
11]. Among the 31 cases, the

CEBPA (n=1)

MDS component was classi-
fied as RCMD (8/31, 25.8%),

WTI (n=1)

ATG2B (n=1)

RA (7/31,22.6%), RAEB (6/31,
19%) and others. LGL counts

ZMYM3 (n=1)

Figure 3. Distribution of mutations identified by next generation sequencing
in Myelodysplastic syndromes concurrent with Large granular lymphocytic

leukemia (MDS-LGLL) patients.

3 among epigenetic regulation, brain develop-
ment, and DNA polymerization.

Discussion

LGL expansions can be found in a number of
reactive conditions, such as viral infections,
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- were above 2 x 10°%/L in 19%
(6/31) of cases, 1to 2 x 10°%/L
in 19% (6/31) of cases, and
less than 1 x 10°%L in 55%
(17/31) of cases. Cytogenetic
abnormalities were identified
in 12 of 31 (38.7%) patients with MDS-LGLL in
their studies. The levels of The median hemo-
globin and absolute lymphocyte in MDS-T-LGLL
patients were lower than those of MDS patients
(P < 0.05) [8]. In this present study, we de-
scribed ten cases of MDS-LGLL. Similar to pre-
vious studies, MDS-MLD (5/10, 50%) was the

Am J Cancer Res 2021;11(4):1616-1631
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Figure 4. Gene ontology (GO) analysis and significant enriched GO terms of mutated genes in case 2. A. Top 20 pathways significantly enriched in molecular func-
tion (MF), biological process (BP) and cellular component (CC). B. Hierarchical clustering analysis of the top 20 pathways with the largest enrichment difference
between J9575M and Y4935. Enrichment (-log10 (P), color bar) of these 20 pathways (rows) that are differentially expressed in each cluster (columns) can be seen.

1626 Am J Cancer Res 2021;11(4):1616-1631



Concurrence of Myelodysplastic syndromes and large granular lymphocyte leukemia

_ ccocizg

em:c
/

/

/

-’

v
\ ZCCHCE
ENSGO0000275352 orin \ |
e @ ‘ \ / e i
ceoctes X | | AoAyTSH KISS oS HooFLL

\ \ | > s

\ -

\ |
Foxoz \ | __risoia

PR

GOLGASR
ERIL
Qm

FERDL
LRRIQL
i eMEGFi e

oTup7A

— EIF2AK3

) ol aftacn
- AKS
-
ALMS1 d
- IME4
vZTL
- — CMP)
-3
- "/

KCNNZ
KNN3 -

e ..

o (Nt PN RN X ez
o e N o

i LRRC29 ~.

DN L
P - /;‘;’ ) =
\ & ST AT ® ©
\ - %) \ T " M S . ors?
! & =l o [ o () ,IC
i o €7 /% AWy,
usicio -

D
S v
7~ T/
— e /
SPATAS >
__ seLric Vil s < N /
ccoces A “ L meron
2 Y
7 — RA1
o1t Esrrn _ -
ERiCHa \ (o) >
oris1

L FAM120B1LAA

.

BRIz PRRC2A

GPRINZ
TMEM200C
ic:sam a
E ARTS

\
FAM231B |

' / - -
ADAM29 \\ s
\ 3
\ ZNFB0A
i FAMOOAL 8 —

o
vexh
RETSAT
FoFT1

e T @cnkwu
Rp—
oreds /
CALHMS
PROM12

ORI12A16

F701

HMCN2

SFRPL

1627

Am J Cancer Res 2021;11(4):1616-1631



Concurrence of Myelodysplastic syndromes and large granular lymphocyte leukemia

Figure 5. Protein-protein interaction (PPI) networks of mutated genes in case 2 (Y4935). A. The interaction among the mutated genes defined in our study. The larger
the radius of the circle of a gene, the more interaction can be seen between the gene and other genes. The width of the line represents the strength of the interac-
tion. B. Top three modules from protein-protein interaction network by Cytoscape analysis.
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most common subtype of MDS-LGLL patients
and erythroid dysplasia could be observed in
all the MDS-LGLL patients. We identified cyto-
genetic abnormalities in 20% (2/10) of cases.

Similar research has carried by Maciejewski
who applied deep NGS for only 36 MDS-as-
sociated mutant genes in MDS-TGLL patients
to find a coincidence between CHIP and LGL
[11]. Based on our research, we detected mu-
tations of myeloid and lymphoid-associated
genes including EZH2, TET2, DNMT3A, TP53
and ATM, myeloid-associated genes including
ASXL1, STAG2, FLT3, U2AF1, WT1, CUX1, TIN,
SETBP1, SH2B3, CDC25C, KIT, CSF3R, ATG2B,
CEBPA, ANKRD26, CBL, DDX41, GATA2 [23]
and lymphoid-associated genes including ST-
AT3, STAT5b, FAT1, DIS3, PAX5, PTEN, TNFAIP3,
PTPRT, NOTCH1, and PRDM1. Driver genes
(ASXL1, STAG2, EZH2 and so on) have been
identified that are involved in the pathogenesis
of MDS [24]. Mutations of lymphoid-associated
genes such as STAT3, STAT5b, TNFAIP3, PTPRT
were worthy of our attention. STAT3 mutations
were mostly detected in almost 40% of patients
with T-LGLL and CLPD-NK [25]. STAT5b muta-
tions have also been identified in 5-10% cases
[12]. Besides, TNFAIP3 and PTPRT are related
to LGLL as reported [26]. Non-synonymous
alterations in the TNFAIP3 tumor suppressor
gene were captured in 3 of 39 T-LGLL [26].
Another study report rare genetic triggering of
T-LGLL due to mutations in the PTPRT, BCL-
11B, SLIT2 and NRP1 genes [27]. In our study,
TNFAIP3 mutation was detected in case 2 and
PTPRT mutation was detected in case 9, which
might further indicate the activation of JAK/
STAT pathways.

Based on pathologic and immunophenotypic
findings, we reported coexistence of MDS and
mixed-phenotype LGLL in two cases for the first
time. A rare case of the mixed-phenotype LGLL
has been reported [17, 28, 29] and possibly
caused by persistent antigenic pressure of
clonal expansion in Cytotoxic T cells and NK
cells alone, together or even inter switchingly
[30].

Mutations of J9575M and Y4935 were ana-
lyzed by GO pathway enrichment analyses to
explore the change of mutations spectrum from
MDS phase to MDS-LGLL phase. The enrich-
ment of H3K4 mono-methylation increased,
while the genes related to Translocation of
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ZAP-70 to immunological synapse pathway was
significantly less enriched. According to previ-
ous study, missense and truncating mutations
are frequently found in MDS patients in modifi-
ers of H3K4 methylation [31]. Proper regulation
of H3K4mel has been implicated in HSC self-
renewal and in regulating proper differentia-
tion. The translocation of ZAP-70, required in
initiating the canonical biochemical signal pa-
thways downstream of the TCR [32], might
associate with proliferation of LGLs. Whereas,
the observations need be further demonstrat-
ed because of small sample size. More cases
of MDS-LGLL need to be accumulated for NGS,
WES and GO analysis for the further research.

In summary, we described clinicopathological
features and mutational profile of MDS-LGLL
patients. NGS of MDS-LGLL cases showed 37
myeloid-lymphoid-associated mutated genes.
Additionally, we observed an increased enrich-
ment of H3K4 mono-methylation and a decre-
ased enrichment of translocation of ZAP-70
upon the progression from MDS to MDS-LGLL.
Up to now, the observations of MDSLGLL are
still limited and the pathogenesis is also un-
clear. Firstly, our study may be helpful for expla-
nation of the validity of immunosuppressive
treatment for a subgroup of MDS patients.
Secondly, other studies had described a few
cases of MDS patients presented a transfor-
mation to acute lymphoblastic leukemia (ALL)
[33]. We surmised LGL might affect the pro-
gression and transformation of MDS. The pa-
thogenesis is complex and we want to go fur-
ther in terms of mechanisms. Thirdly, we hy-
pothesized that the hematopoietic stem cells
(HSCs) of MDS-LGLL patients were abnormal
and differentiated dysfunction. We will focus
on the inference of LGL and follow up these
patients. Accumulation of cases, along with
NGS and bioinformatic gene analyses will pro-
mote understanding of the underlying mecha-
nisms and treatment of MDS-LGLL in the future.
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Table S1. The panel of 114 genes detected by Next generation sequencing (NGS)

ABL1 ETV6 RBBP6 MYD88 GATA2 CXCR4 CCR4
ACD TERC RELN NF1 GATA3 DDX3x cD79B
ANKRD26 TERT RHOA NOTCH1 HNRNPK DDx41 cDC25C
ASXL1 TET2 RUNX1 NOTCH2 ID3 DIS3 CDKN1B
ATG2B TNFAIP3 SETBP1 NPM1 IDH1 DNM2 CDKN2A
ATM TP53 SETD2 NRAS IDH2 DNMT3A CEBPA
B2M TPMT SF1 PAX5 IKZF1 DNMT3B CREBBP
BCOR TRAF3 SF3A1 PDS5B IL7R ECT2L CSF3R
BCORL1 U2AF1 SF3B1 PHF6 JAK1 EED cux1
BIRC3 U2AF2 SH2B3 PIGA JAK2 EP300 MAPK1
BRAF wHSC1 SMC1A PLCG1 JAK3 ETNK1 KMT2D
CALR wTl SMC3 PRKCB KDMGA EZH2 MPL
CARD11 xPO1 SRP72 PRPF40B KIT FAM46C MYC
CBL ZMYM3 SRSF2 PRPS1 KMT2A BRINP3 FBxW7
CCND1 ZRSR2 STAG2 PTEN KRAS FAT1 FGFR3
CCND3 ARID1A STAT3 PTPN11 RAD21 sUz12 FLT3
GATA1 RB1

Table S2. Whole-exome sequencing (WES)
analysis of J9575M and Y4935

Sample JO575M Y4935
CDS 22432 22418
Synonymous_SNP 11415 11432
Missense_SNP 10689 10694
Stopgain 77 73
Stoploss 9 9
Unknow 248 216
Intronic 108162 106961
UTR3 5382 5377
UTR5 3091 3131
Splicing 63 64
ncRNA_exonic 3148 3204
ncRNA_intronic 8186 8010
NcRNA_splicing 13 12
Upstream 4001 4041
Downstream 1919 1907
Intergenic 51161 51178
Total 207811 206562
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Figure S1. Overall survival of Myelodysplastic syndromes concurrent with large granular lymphocytic leukemia
(MDS-LGLL) patients by Kaplan-Meier analysis.



