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Abstract. Essential thrombocythemia (ET) is characterized
by thrombotic and hemorrhagic events. The association of
clinical characteristics of Chinese ET patients and additional
sex combs like 1 (ASXL1) mutations in these patients has
remained to be elucidated. In the present study, 72 newly
diagnosed Chinese ET patients were enrolled to determine
ASXL1 mutations. Mutations in ASXL1, Janus kinase (JAK)2,
calreticulin (CALR) and myeloproliferative leukemia (MPL)
genes were detected using Sanger sequencing, and data were
statistically analyzed. The frequencies of ASXLI1, JAK2
V617F, CALR and MPL W515 mutations in ET patients were
19.4% (14/72), 29.2% (21/72), 31.9% (23/72) and 0% (0/72),
respectively. Of note, 28 ET patients (38.9%) were negative
for JAK2, CALR and MPL mutations; these patients were
classified as triple-negative (TN). The frequency of ASXLI1
mutations in patients with JAK2 V617F, CALR and TN
mutations was 23.8% (5/21), 21.7% (5/23) and 14.3% (4/28),
respectively. ASXLI1-mutant patients exhibited significant
propensities for thrombotic events compared with the ASXL1
wild-type (wt) cohort (42.9 vs. 12.1%; P=0.021). In addition,
JAK?2 V617F-mutant patients had a higher mean age compared
with CALR-mutant (64.76 vs. 52.96 years; P=0.008) or TN
patients (64.76 vs. 51.14 years; P=0.002). Furthermore, more
white blood cells in the peripheral blood (PB) were observed
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in JAK2 V617F-mutant patients compared with those in
TN patients (12.40 vs. 8.20x10%1; P=0.02). In addition,
CALR-mutant patients exhibited more platelets (PLT) in PB
than JAK2 V617F-mutant patients (787.91 vs. 562.17x10%/1;
P=0.047). TN patients had a significantly lower incidence of
clinical symptoms, including dizziness, palpitation and chest
congestion compared with CALR- or JAK2 V617F-mutant
patients (14.1 vs. 39.1%; P=0.043 and 14.1 vs. 38.1%; P=0.050).
No significant difference in progression-free survival was
observed between ASXLI-mutant and ASXLI-wt patients
(P=0.590). In conclusion, ASXLI-mutant ET patients are
prone to experiencing thrombotic events. There was no
significant difference in the occurrence of thrombotic events
among CARL-mutant, JAK2 V617F-mutant and TN patients.
Furthermore, ASXL1-mutant/TN patients exhibited a higher
number of PLT than ASXL1/JAK2 V617F-double mutant
patients. Therefore, ASXL1 mutations may be a risk factor for
the occurrence of thrombotic events in ET patients.

Introduction

Essential thrombocythemia (ET), a clonal hematological
disorder, is characterized by excessive proliferation of myeloid
progenitor cells (1). The absolute number of platelets in periph-
eral blood (PB) of ET patients is frequently >1,000x10%/1 (2).
The incidence of ET is ~41% worldwide (1,2). The most
common symptoms are usually associated with thrombosis and
hemorrhage. With regard to the clinical course, ET is relatively
indolent; however, the majority of ET patients are unlikely to be
completely cured. In addition, in <5% of affected patients, ET
finally develops into acute myeloid leukemia (1-3). The addi-
tional sex combs-like 1 (ASXL1) gene, located in chromosome
20ql1, has been reported to be involved in epigenetic regulation
and may be utilized for monitoring tumor stem or progenitor
cell self-renewal or differentiation (4-6). It has been identified
that ASXL1 mutations are associated with hematologic disor-
ders, including aplastic anemia, myeloproliferative neoplasms
(MPNs5), acute myeloid leukemia (AML), myelodysplastic
syndrome (MDS) and chronic myelomonocytic leukemia
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(CMML) (7-11). In addition, in primary myelofibrosis (PMF)
patients, ASXL1 mutations were identified to be correlated
with a shorter overall survival (OS) (12,13). The frequencies of
ASXLI mutations were reported to be ~23, 5.6 and 3.5% in the
MPN sub-types primary myelofibrosis (PMF), ET and polycy-
themia vera (PV), respectively (14-16). Furthermore, ASXL1
mutations include not only point mutations, but frameshifts
and nonsense mutations, of which the most common ones
are frameshift mutations (c.1934dupG), accounting for nearly
50% of the reported ASXL1 mutations (14-16). Furthermore,
in patients with ET, the frequency of Janus kinase (JAK)2
VO17F, calreticulin (CALR) and myeloproliferative leukemia
(MPL) W515 mutations was reported to be ~50, <5 and ~11%
in Western countries (17-20) and ~60, ~30 and <5% in China,
respectively (21-23). However, the occurrence and precise roles
of ASXLI1 mutations in Chinese ET patients have remained
elusive. In the present study, the occurrence of ASXLI1 in
72 newly diagnosed ET patients was assessed and its clinical
significance in ET was further investigated.

Materials and methods

Patients and selection criteria. A total of 72 ET patients
diagnosed at Zhongnan Hospital of Wuhan University
(Wuhan, China) and the Fifth Hospital of Wuhan (Wuhan,
China) between April 2001 and June 2016 were enrolled in the
present study. Pregnant females or patients with other malig-
nancies were excluded. The entire cohort included 32 males
and 40 females. The mean age of the entire cohort was 55.79
(range, 10-95 years). The diagnosis of ET was based on the
published 2016 criteria of the World Health Organization (3).
All patients had a sustained blood platelet (PLT) count of
>450x10°/1 without any treatment; the cut-off value of PLT
count is 2550x10%/1. Other possible myeloid malignancies
were excluded, including PV, PMF, chronic myeloid leukemia
and MDS. The majority of patients had exhibited pathogenic
mutations in bone marrow cells, including JAK2 V617F,
CALR and MPL W515. Patients were expected to have no
causes of secondary thrombocytosis, normal iron stores and a
bone marrow smear exhibiting increased megakaryocytes and
displaying a spectrum of morphology with prominent large
hyperlobulated forms. Informed written consent was obtained
from patients prior to sample collection, in accordance with the
Declaration of Helsinki, and clinical research was approved
by the Ethics Committee of Zhongnan Hospital of Wuhan
University and the Fifth Hospital of Wuhan.

Analysis of gene mutations. Bone marrow samples of the
72 ET patients were collected from Zhongnan Hospital of
Wuhan University and The Fifth Hospital of Wuhan. Samples
were stored at 4°C until DNA extraction with a TTANamp
Blood DNA kit (Tiangen, Beijing, China). The concentration
and purity of the DNA samples (1.5 ul) was determined using
an ultraviolet spectrophotometer (Biophotometer; Eppendorf,
Hamburg, Germany) by measuring the optical density at 260
vs. 280 nm absorbance, and the ratio was 1.8-2.0 for pure DNA.

Polymerase chain reaction (PCR) mixture contained
25 ul DreamTaq Hot Start Green PCR Master Mix (2X;
cat. no. K9021; Thermo Fisher Scientific, Inc., Waltham,
MA, USA), 0.8 uM forward primer, 0.8 M reverse primer,
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200 ng template DNA and nuclease-free water filled up to a
final volume of 50 ul. The primers for JAK2, MPL, CALR
and ASXLI are listed in Table I. The PCR conditions were
as follows: Initial denaturation at 95°C for 3-5 min, followed
by 35 cycles at 94°C for 30 sec, 55°C for 30 sec and 72°C for
1 min, and a final extension at 72°C for 5 min.

Extraction and sequencing analysis of the PCR products
was performed by Sangon Biotech (Shanghai, China). The
Sanger DNA sequencing method was applied using an
(ABI 3730XL; Applied Biosystems; Thermo Fisher Scientific,
Inc.). The sequencing results were analyzed by Chromas 2.31
software (Technelysium Pty, Ltd., Brisbane, QId, Australia)
and the sequences were compared using Sequence scanner
software version 1.0 (Applied Biosystems; Thermo Fisher
Scientific, Inc.).

Response criteria. Clinical response criteria for ET patients
were according to those established by the European Leukemia
Net consensus conference (2). In brief, complete response
(CR), partial response (PR) and no response (NR) were defined
as follows: CR, PB PLT <400x10%1, no disease-associated
symptoms, normal spleen size on imaging and PB white blood
cell (WBC) count <10x10%1; PR, no fulfillment of CR criteria,
PB PLT =600x10%1 or PLT decrease by >50% from baseline;
NR, no fulfillment of CR and PR criteria.

Prognostic scoring for ET. Prognostic scoring for ET patients
was according to the International Prognostic Scoring for
Essential Thrombocythemia-thrombosis (IPSET-T) (24).
In brief, the scoring system, including several invariables
(1 point for WBC count =11x10%1 or history of thrombosis
and 2 points for age =60 years), was used to stratify patients
into low-risk (0 point), intermediate-risk (1-2 points) or
high-risk (3-4 points) groups.

Statistical analysis. Numeric variables are expressed as the
median or mean + standard deviation, while categorical
variables were expressed as counts (n) and frequencies (%).
Comparisons of enumeration data between different groups
were performed using the chi-square test, while comparison
of measurement data was performed using the Student's t-test
or analysis of variance. Progression-free survival (PFS) was
calculated by Kaplan-Meier survival analysis and respective
curves were drawn. A multivariable Cox proportional hazards
regression was used to model the duration and the incidence
of PFS. All statistical analyses were performed with SPSS
version 19.0 (IBM Corp., Armonk, NY, USA). All P-values are
two-tailed and statistical significance was set as P<0.05. The
risk factors of disease progression were analyzed by principal
component analysis (PCA) and permutation multivariate
analysis of variance (PERMANOVA), which is more robust
regarding correlations and heterogeneous variance.

Results

Characteristics of patients and ET. The clinical characteris-
tics of the cohort of ET patients are summarized in Table II
and those of ASXLI-mutant patients are listed in Table III.
With regard to risk stratification based on IPSET-T, 55.6%
(40/72), 15.3% (11/72) and 29.2% (21/72) of the cohort were
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Table I. Sequences of oligonucleotide primers used for sequencing of the coding regions of ASXLI1, JAK2, MPL and CALR

genes.
Amplicon Forward 5'-3' Reverse 5'-3'

ASXLI exon 12 PCR1 CCGGCTTGAAGATCGTCAGT AGGCTGCTCCACTAATCTCT
ASXLI exon 12 PCR2 AGAGGACCTGCCTTCTCTGA GGCTCAACAGATGGTATGTG
ASXLI exon 12 PCR3 GGAACTGGCCAAGCTCTTGA TCCTTGTCCACCGAAGATCC
ASXL1 exon 12 PCR4 ACTGAGTCCTCACGGTGAGT CAGCTATCTGGCAGAAGAGG
ASXL1 exon 12 PCR5 CCACGATGACAGCATGTCAG CATTCTTGACGCTGCCAACA
ASXLI exon 12 PCR6 ATGCCTCTTCCTGCTGAGAT GTGCTCCTGCCTAAAGAGTA
JAK2-exon 14 GGGTTTCCTCAGAACGTTGA TCATTGCTTTCCTTTTTCACAA
JAK2-exon 12 CTCCTCTTTGGAGCAATTCA GAGAACTTGGGAGTTGCGATA

MPL W515
CALR-exon 9

TGGGCCGAAGTCTGACCCTTT
ACAACTTCCTCATCACCAACG

ACAGAGCGAACCAAGAATGCCTGT
GGCCTCAGTCCAGCCCTG

As the sequence of ASXL1 exonl12 is very long, PCR analyses were performed following the division of the sequence in six. JAK, Janus kinase;
CALR, calreticulin; ASXL1, additional sex combs like 1; MPL, myeloproliferative leukemia; PCR, polymerase chain reaction.

Table II. Comparison of laboratory parameters and clinical characteristics of essential thrombocythemia patients stratified by

their ASXL1 mutational status.

Parameter/characteristic ASXL1-mutant (n=14) ASXL1-wt (n=58) P-value
Age at diagnosis 52.5;51.1+17.5 57;56.8+13.7 0.187
Female sex 8 (57.1) 32(55.1) 1.000
WBC count, x10%1 8.24;9.0+£3.56 8.83; 9.8+5.48 0.643
Hemoglobin, g/l 135.5; 1354230 132.9; 136.7+30.4 0.881
Platelet count, x10°/1 680; 586+276.7 671.5; 702+367.6 0.274
Bleeding 0(0) 4(6.9) 0.718
Dizziness, palpitation, chest congestion 2(14.3) 18 (31.0) 0.356
Numbness 0(0) 7(12.1) 0.387
Feeble 2 (14.3) 8 (13.8) 1.000
Splenomegaly/hepatomegaly 2 (14.3) 7(12.1) 1.000
Previous history

Hypertension 1(7.1) 12 (20.7) 0.426

Coronary heart disease 2(14.3) 5(8.6) 0.889

Values are expressed as the ‘median; mean (standard deviation)’ or as ‘n (%)’. WBC, white blood cell; ASXL1, additional sex combs like 1;

wt, wild-type.

low-, intermediate- and high-risk patients, respectively. No
significant difference was identified in the ASXLI-mut and
-wt groups among the low-, intermediate- and high-risk
stratification (P=0.968; Table IV). In the entire cohort of ET
patients, the occurrences of JAK2 V617F, CALR and MPL
W515 mutations were 29.2% (21/72), 31.9% (23/72) and 0%
(0/72), respectively, and ‘triple-negative’ (TN) ET patients
accounted for 38.9% (28/72) of the entire cohort (Table V).
Patients with JAK2 V617F mutations had a significantly higher
WBC count in the PB compared with that in TN patients
(12.40+7.80 vs. 8.20+2.17x10%1; P=0.02). However, the differ-
ence in the WBC count was insignificant between patients
with JAK2 V617F and CALR mutations (12.40 vs. 8.82x10%1;
P=0.06). TN and CALR-mutant cohorts also exhibited an

insignificant difference in WBC count (8.20 vs. 8.82x10%1;
P=0.457). Of note, TN patients had higher hemoglobin (HB)
than CALR-mutant patients (140.37 vs. 129.29 g/1; P=0.074).
The cut-off value of HB is =190 g/l CALR-mutant patients
exhibited a higher PLT count than the JAK2 V617F-mutant
cohort (787.91 vs. 562.17x10%/1; P=0.047). Compared with
TN patients, CALR-mutant and JAK2 V617F-mutant patients
had a significantly higher incidence in common symptoms,
including dizziness, palpitation and chest congestion (39.1 and
38.1 vs. 14.3%; P=0.043 and 0.05, respectively). The occur-
rence of splenomegaly/hepatomegaly did not significantly
differ among TN, CALR-mutant and JAK2 V617F-mutant
patients (28.6 vs. 10.7%; P=0.221 and 28.6 vs. 8.7%; P=0.188;
Table V). However, a significant difference was present in
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Table III. Clinical and molecular characteristics of ASXL1-mutant patients with essential thrombocythemia.

Age ASXLI1 Characteristic FU (0N} Survival
Patient ID (years) Sex mutant type mutations (months) (months) status
P1 66 M G652S CALR positive 20 20 Alive
P2 20 M G652S TN 29 29 Alive
P3 54 F G652S CALR positive 23 23 Alive
P4 51 F G652S CALR positive 24 24 Alive
P5 44 M G652S TN 37 37 Alive
P6 59 F G652S TN 15 15 Alive
P7 58 F G652S CALR positive 23 23 Alive
P8 41 M G652S CALR positive 19 19 Alive
P9 10 M G652S JAK2VG617F positive 35 35 Alive
P10 65 M G652S JAK2VG617F positive 39 39 Alive
P11 60 M G652S JAK2V617F positive 103 103 Alive
P12 73 F G652S JAK2VG617F positive 63 63 Alive
P13 58 F G652S TN 150 150 Alive
P14 56 F G652S JAK2V617F positive 25 25 Alive

TN, triple-negative; JAK, Janus kinase; CALR, calreticulin; ASXL1, additional sex combs like 1; M, male; F, female; FU, follow-up time; OS,

overall survival; MPL, myeloproliferative leukemia.

Table IV. Thrombotic events, IPSET-T score and treatment response of ET patients.

Parameter ASXL1-mutant (n=14) ASXL1-wt (n=58) P-value
Thrombosis/thromboembolisms 6(42.9) 7(12.1) 0.021
IPSET-T score 0.968
Low-risk (0-1) 7 (50.0) 33 (56.9)
Intermediate-risk (2) 4 (28.6) 7(12.1)
High-risk (=3.0) 31214 18 (31.0)
Treatment response 0.693
CR 6(42.9) 21 (36.2)
PR 5(35.7) 22 (37.9)
NR 31214 15(25.9)

Values are expressed as n (%). CR, complete response; PR, partial response; NR, no response; ASXL1, additional sex combs like 1; wt,
wild-type; IPSET-T, International Prognostic Scoring for ET thrombosis; ET, essential thrombocythemia.

the IPSET-T score and treatment response among the TN,
CALR-mutant and JAK2 V617F-mutant patients (P=0.001 and
P=0.015, respectively). There was no significant difference in
the occurrence of thrombotic events among CARL-mutant,
JAK?2 V617F-mutant and TN cohorts (Table VI).

Frequencies and sub-types of ASXLI mutations. ASXL1 muta-
tions were detected in 19.4% (14/72) of ET patients. The median
age was not significantly different between ASXLI-mutant and
ASXLI1-wild-type (wt) patients (52.5+17.50 vs. 57+13.70 years,
P=0.187; Table II). The most common mutation in ASXL1 was
the missense mutation [c.G1954A(p.Gly652Ser)]. However,
the frameshift mutation [c.1934dupG(p.Gly646TrpfsX12)], a
23-bp deletion as the cause of a nonsense alteration, was not
detected. Furthermore, a common synonymous mutation,

namely that in a coding single nucleotide polymorphism
[c.T3759C (p.S1253S); frequency, 27.7%], was detected.

Comparison of laboratory parameters and clinical
characteristics of ET patients. Statistical analysis indicated that
ASXLI1-mutant patients had obvious propensities for throm-
botic events as compared with the ASXL1-wt cohort (42.9 vs.
12.1%; P=0.021; Table IV). However, the frequencies of sple-
nomegaly/hepatomegaly were similar between ASXLI-mutant
and ASXL1-wt patients. In addition, ASXL1-mutant cohorts
still exhibited a similar incidence in common clinical symptoms,
including dizziness, palpitation and chest congestion, compared
with ASXL1-wt patients (14.3 vs. 31%; P=0.356). There was no
significant difference in the incidence in the history of coronary
heart disease and hypertension between ASXLI1-mutant and
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Table V. Comparison of laboratory parameters and clinical characteristics between essential thrombocythemia patients stratified
by their mutation status of CALR, JAK2 and MPL.

Group C
Group A Group B JAK2
TN CALR-mutant V617F-mutant  Total P-value  P-value  P-value
Parameter/characteristic (n=28) (n=23) (n=21) P-value (Avs.B) (Avs.C) (Bvs.C)
Age at diagnosis (years) 55; 52; 66; 0.002 0.585 0.002 0.008
51.14+12.56 52.96+10.61 64.76+£16.99
Female 16 (57.1) 13 (56.5) 11 (52.4) 0.940 0.964 0.740 0.783
ASXL1 mutations 4(14.3) 521.7) 5(23.8) 0.751 0.745 0.632 1.000
WBC count, x10%1 8.70; 8.38; 10.59; 0.010 0.457 0.02 0.066
8.20+2.17 8.82+3.73 12.40+7.80
Hemoglobin, g/l 138.50; 130.00; 131.30; 0.361 0.074 0.885 0.349
140.37+22 41 129.29+20.48  138.90+41.88
Platelet count, x10%/1 672.00; 785.00; 485.00; 0.105 0.381 0.171 0.047
706.79+324.49  787.91+327.94 562.17+403.82

Signs/symptoms

Bleeding 2(7.1) 1(4.3) 1(4.8) 1.000 1.000 1.000 1.000

Dizziness, palpitation, chest 4 (14.3) 9(39.1) 8 (38.1) 0.086 0.043 0.050 0.944

congestion

Numbness 0 (0) 3(13.0) 4(19.0) 0.038 0.170 0.060 0.896

Feebleness 3(10.7) 3(13.0) 4(19.0) 0.699 1.000 0.680 0.896

Splenomegaly/hepatomegaly 3(10.7) 2(8.7) 6 (28.6) 0.159 1.000 0.221 0.188
Previous history

Hypertension 7 (25.0) 2 (8.7 4(19.0) 0.295 0.250 0.882 0.576

Coronary heart disease 2(7.1) 3(13.0) 2(9.5) 0.882 0.817 1.000 1.000

Values are expressed as the ‘median; mean (standard deviation)’ or as ‘n (%)’. WBC, white blood cell; ASXL1, additional sex combs like 1;
wt, wild-type; TN, triple-negative; JAK, Janus kinase; CALR, calreticulin; MPL, myeloproliferative leukemia.

Table VI. Thrombotic events, IPSET-T score and treatment response of essential thrombocythemia patients stratified by their
mutation status of CALR, JAK?2 and MPL.

Parameter TN (n=28) CALR-mutant (n=23) JAK2 V617F-mutant (n=21) P-value
Thrombosis/ thromboembolism 5(17.9) 5Q21.7) 3(14.3) 0.864
IPSET-T score 0.001
Low-risk (0-1) 22 (78.6) 18 (78.3) 0 (0)
Intermediate-risk (2) 4(14.3) 0 (0) 7 (33.3)
High-risk (=3) 2(7.1) 522.7) 14 (66.7)
Treatment response 0.015
CR 9(32.1) 5@21.7) 13 (61.9)
PR 11 (39.3) 10 (43.5) 6 (28.6)
NR 8 (28.6) 8 (34.8) 2(9.5)

Values are expressed as n (%). CR, complete response; PR, partial response; NR, no response; TN, triple-negative; JAK, Janus kinase; CALR,
calreticulin; IPSET-T, International Prognostic Scoring for ET thrombosis; ET, essential thrombocythemia.

ASXLI1-wt cohorts (14.3 vs. 8.6%; P=0.889; and 20.7 vs. 7.1%;
P=0.426). No significant difference in the WBC and PLT count,
as well as HB levels was observed between ASXL1-mutant and
ASXL1-wt patients (Table III). Of note, the ASXLI-mutant/TN
cohort (median age and standard deviation, 51+18.17 years) was

younger at diagnosis than the ASXLI1-wt/JAK2V617F-mutant
cohort (median age and standard deviation, 69+12.61; P=0.007).
Furthermore, ASXL1-mutant/TN patients exhibited a higher
number of PLT than ASXL1/JAK2 V617F-double mutant
patients (data not shown).
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Figure 1. Kaplan-Meier survival curves displaying the progression-free survival in 72 ET patients stratified by their gene mutational status. ET patients were
categorized based on (A) the mutational status of ASXL1 (P=0.590) and (B) the mutational status of ASXL1 and concomitant mutations of JAK2 V617F
and CALR, or TN status. ET, essential thrombocythemia; wt, wild-type; mut, mutated; TN, triple-negative; JAK, Janus kinase; CALR, calreticulin; ASXLI1,

additional sex combs like 1.
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Figure 2. (A) Three-dimensional graph of the first three PCs of HB, WBC and PLT by PCA; (B) graph of the first two PCs of HB, WBC and PLT by PCA. Green
points represent stable ET patients, blue points represent patients with progressive ET. Green and blue ellipses are the 95% confidence ellipses of patients with
stable ET and progressive ET, respectively. The two statuses are clearly distinguished on the graphs and are significantly different (P=0.001). PCA, principal
component analysis; HB, hemoglobin; WBC, white blood cells; PLT, platelets; ET, essential thrombocythemia.

PFS. It has been previously reported that in a proportion of
patients ET may develop into MF, PV, MDS or AML (25-29).
Therefore, the present study further assessed this transforma-
tion in ET patients. Of note, ET did not transform to leukemia
in any of the patients during the observation period. However,
in 1 ET patient with and 4 patients without ASXL1 mutation,
the disease transformed to PV, and in 1 patient with wild-type
ASXL1, it transformed to MF. Statistical analysis indicated
no significant difference in PFS between ASXL1-mutant and
ASXL1-wt patients (P=0.590; Fig. 1A). While in the further
analysis, the PFS in the ASXLI1-wt/JAK2 V617F-mutant
group was significantly lower than the ASXL1-wt/TN group
(P=0.026; Fig. 1B). Furthermore, multivariable Cox propor-
tional hazards regression analyses were performed to identify
possible predictors for PFS. Of note, thrombosis [hazard ratio
(HR)=13.938; 95% confidence interval (CI), 4.408-17.696;
P=0.037], HB (HR=1.027; 95% ClI, 1.002-1.053; P=0.043) and
PLT (HR=0.995; 95% CI, 0.989-1.000; P=0.041) were iden-
tified as independent predictors for PFS in ET patients. HB,
WBC and PLT were significantly different between patients
with progressive ET, which could progress to PV, post-ET
myelofibrosis and myelodysplastic syndrome or acute leukemia,
and those with stable ET according to PERMANOVA analysis

(P=0.001; Fig. 2). No significant difference in disease progres-
sion was identified between ASXLI1-mutant and ASXLI1-wt
cohorts (Table VII).

Response to treatment. Next, the present study investigated
whether ASXL1 mutations affect the response of ET patients
to drug treatments. All patients enrolled in the study received
either hydroxyurea, interferon-o or combination therapy of
hydroxyurea and interferon-a. Statistical analyses indicated
that the entire ASXL1-mutant cohort had a similar overall
response rate (ORR) to the abovementioned treatments to that
of the ASXLI1-wt cohort. Additionally, the low-, intermediate-
and high-risk ASXL1-mutant groups also exhibited a similar
ORR to the treatments compared with that of their wild-type
counterparts. There was no statistically significant difference
between the ASXLI1-mutant and ASXL1-wt cohort in CR, PR
or NR (Table IV).

Discussion
Recently, ASXL1 mutations have been demonstrated in the

majority of hematological diseases, including MDS, AML,
MDS/MPN and CMML (8-13). In Western countries, the
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Table VII. Disease progression compared between essential thrombocythemia patients stratified according to their mutational

status of ASXL1 in combination with that of other genes.

ASXL1-wt/TN  ASXL1-mutant/TN

ASXL1-wt/ ASXL1-wt/

vs. ASXL1-wt/  vs. ASXL1-mutant/ ASXL1-wt/TN CALR-mutant JAK2617F-mutant
CALR-mutant CALR-mutant vS. vSs. vS.
ASXLI-mutant  vs. ASXL1-wt/ vs. ASXL1-mut/ ASXLI-mutant/ ASXLI1-mutant/ ASXL1-mutant/

Parameter  vs. ASXL1-wt JAK2617F-mutant JAK2 617F-mutant TN CALR-mutant JAK?2617F-mutant
Disease 5/58 (8.6) 1/24 (4.2) 0/4 (0) 1/24 (16.7) 1/18 (5.6) 3/16 (18.8)
progression  vs. 1/14 (7.1) vs. 1/18 (5.6) vs. 0/5 (0) vs. 0/4 (0) vs. 0/5 (0) vs. 1/5 (20)

vs. 3/16 (18.8) vs. 1/5 (20)
P-value 1.000 0.310 1.000 1.000 1.000 1.000

Values are expressed as n/total (%). TN, triple-negative; JAK, Janus kinase; CALR, calreticulin; ASXL1, additional sex combs like 1; wt,

wild-type.

incidence of ASXL1 mutations in ET patients is ~5.6% (16).
However, the present study detected ASXL1 mutations in 19.4%
of Chinese ET patients. This percentage is also higher than that
reported by Shen er al (30), who determined the occurrence of
ASXLI mutations in ET patients to be ~6.1%. This difference
may be due to different genetics and environments.

It has been indicated that ASXL1 gene mutations in
hematological diseases include frameshift, point and nonsense
mutations. Of note, frameshifts account for >50% of ASXL1
mutations. However, the present study indicated that the
most frequent ASXL1 mutation in Chinese ET patients is
¢.G1954A with an incidence of 19.4%. In addition, point
mutation [c.G1954A(p.Gly652Ser)] was the only mutation
observed in the present study. The frameshift mutation,
¢.1934dupG, was not detected in the Chinese ET patients.
The results of the present study were in accordance with
those of Abdel-Wahab et al (31), where the ASXL1 gene
was sequenced from patients with multiple types of myeloid
malignancies in paired tumor DNA and DNA extracted from
buccal tissue. In the latter study, the frameshift mutation of
ASXLI [c.1934dupG(p.Gly646TrpfsX12)] was identified
in an 8-bp guanine mononucleotide repeat sequence, and
it was therefore speculated that the frameshift transforma-
tion was not a true somatic mutation, but an artifact of PCR
amplification. Aforementioned mutation was no identified in
the present study; this may be due to differences in genetics
and the environments between the two studies. Indeed, the
most commonly reported mutation of ASXL1 (c.1934dupG)
was detected in >25% of healthy volunteers (31), suggesting
that the frameshift mutation in ASXLI1 may not be an actual
somatic mutation. Furthermore, another study revealed that
~0.2% (1/491) of normal control samples harbored a frameshift
mutation, suggesting that this mutation may not be specific for
ET patients (32). The present study determined that compared
with the ASXL1-wt group, ASXLI-mut patients had obvious
propensities for thrombotic events, suggesting that an ASXL1
mutation is a factor associated with poor prognosis. However,
due to the low death rate of ET patients enrolled in the present
study, no difference in OS and PFS was identified between
these two groups. As the precise functional role of ASXL1
in the pathogenesis of ET remains elusive, future studies are

planned to uncover it using in vitro experiments. Furthermore,
more clinical ET samples will be collected from multiple
centers and analyzed in a future study.

Thrombohemorrhagic events are regarded to be among
the most severe complications in ET patients (33-36). In the
present study, ASXL1-mutant cohorts have demonstrated
propensities for thrombotic events. Therefore, blocking of
ASXLI mutations may be a novel potential strategy to prevent
the occurrence of thrombohemorrhagic events in ET patients
in the clinic.
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