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Abstract
Background: The role of CD59 and fluorescently labeled aerolysin (FLAER) in acute

myeloid leukemia (AML) remains unclear and requires further investigation. To ex-

Lijuan Li and Rong Fu, Department of
Hematology, General Hospital, Tianjin
Medical University, Heping District 154
Anshan Road, Tianjin 300052, China.
Emails: lilijuan20@qgq.com;
furong8369@tmu.edu.cn

plore the relationship between CD59, FLAER, and AML, we investigated CD59 and
FLAER expression in AML and analyzed their relationship with clinical characteristics
of AML patients.

Methods: We employed flow cytometry (FCM) to analyze CD59 and FLAER expres-
Funding information sionin 161 AML patients at Tianjin Medical University General Hospital and evaluated
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its association with sex, white blood cell (WBC) count, platelet (PLT) count, thrombin
time (TT), prothrombin time (PT), activated partial thromboplastin time (APTT), fibrin-
ogen (FIB), D-Dimer(D-D), and lactate dehydrogenase (LDH), followed by analyzing its
connection with disease progression and complete remission (CR).

Results: CD59 and FLAER deficiencies were identified in AML patients. Compared
with CR group, non-CR group patients revealed more CD59 and FLAER deficiency.
Compared with non-acute promyelocytic leukemia (M3) group, M3 group patients
had more CD59 and FLAER deficiency. CD59" level in primordial cells of M3 patients
was positively correlated with primordial cell ratio (r = 0.660, p = 0.003). Additionally,
we discovered that the decline in CD59 and FLAER levels might be linked to higher
D-D and LDH in AML patients. The difference was statistically significant (p < 0.05).

Conclusions: We demonstrated that the decline in CD59 and FLAER levels was associated
with leukemia cell proliferation and abnormal coagulation function in AML, suggesting

that they could serve as a predictor of AML coagulation dysfunction, particularly in M3.
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1 | INTRODUCTION of abnormal primitive and immature cells (leukemia cells) impairs nor-
mal hematopoiesis. Clinical manifestations include anemia, bleeding,
Acute myeloid leukemia (AML) is a type of clonal malignancy affecting infection, and infiltration of liver, spleen, and lymph nodes. Most AML

hematopoietic stem progenitor cells. In bone marrow, the proliferation cases have a poor prognosis, which is often life-threatening if not
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properly managed.’® Acute promyelocytic leukemia (M3) is a subtype
of AML classified as AML-M3 with t (15; 17) (q24; q21) PML-RARA;
most RARA-negative M3 has TBL1XR1-RARA translocations”® and
rare ZBTB16-RARA translocation. M3 patients are predisposed to
disseminated intravascular coagulation (DIC) and subsequent bleed-
ing, which is the leading cause of death. DIC severity is known to be
associated with the percentage of myeloid leukemia cells, but not with
bleeding.*®

CD59 is a glycosylphosphatidylinositol (GPI) anchoring protein en-
coded by PIG-A gene, which can block the formation of cell membrane
attack complex and protect cells from complement-mediated cytoly-
sis. Although CD59 deficiency on the cell surface mainly manifests in
paroxysmal nocturnal hemoglobinuria (PNH), it has also been identified
in systemic lupus erythematosus,'? aplastic anemia (AA), % stroke,* and
childhood relapsing immune-mediated polyneuropathy.15 Nakahata
et al. reported that a patient with PNH and myelofibrosis turned into
acute myeloid leukemia after treatment. Flow cytometry (FCM) re-
vealed that 87.3% of primary cells lacked CD59, suggesting that leuke-
mia primitive cells of this patient might be derived from PNH clone.*® A
study from Wei et al. showed that the deficiency of CD59 expression
in M3 was significantly higher than that in other AML.Y Interestingly,
we observed that M3 patients with DIC were linked to CD59 deficiency
at our center, but the specific mechanism remains unclear and requires
further studies. Fluorescently labeled aerolysin (FLAER) can specifi-
cally bind to GPI protein on cell membrane, directly reflecting anchor
protein deficiency.*® At present, FCM detection of CD59 and FLAER
deficiency on cell membrane surface has become the preferred exper-
imental method for diagnosing PNH, with FLAER analysis being more
specific and sensitive to PNH cloning.19 As aresult, FCM is a preferable
method for detecting CD59 and FLAER expression.

As CD59 deficiency and its association with DIC were identified
in AML, we hypothesize that CD59 and FLAER deficiencies are linked
to coagulation function in AML. Moreover, a study from Kulagin et al.
indicated that a minor population of CD59" cells represents a reliable
marker of a positive immunosuppressive therapy (IST) response and a
favorable prognosis in AA patients.?° Thus, the significance of CD59
and FLAER in AML patients remained obscure. FCM was used to de-
termine the proportion of CD59 level and FLAER in AML patients, as
well as the correlation and significance between CD59 level and clinical

indicators to determine its value in AML.

2 | MATERIALS AND METHODS

2.1 | Patients

A total of 161 AML patients were admitted to the Tianjin Medical
University General Hospital between January 21, 2018, and March
22, 2019. The patients were classified based on the 2016 World
Health Organization (WHO) and French-American-British (FAB)
classifications; none of patients had a history of PNH. A total of
70 males and 91 females, with a median age of 58 years from 16 to
80, were divided into M3 (60) and non-M3 (101) groups. Complete

TABLE 1 Characteristics of patients with AML (N = 161)

Disease states

Complete Newly
Characteristic remission diagnosed Total
Sex, %
Male 70 (43%)
Age, years
Median 58
Range (16-80)
FAB, n (%)
M2 4(3) 4(3) 8 (6)
M3 42 (26) 18 (11) 60 (37)
M4 18 (11) 34 (21) 52 (32)
M5 13(8) 28 (17) 41 (25)

Abbreviation: FAB, French-American-British classifications.

remission (CR) was defined as less than 5% bone marrow blasts and
assessed by the investigator based on hematology and myelogram
indexes. Table 1 summarizes the characteristics of 161 AML pa-
tients. To explain whether there is a relationship, besides CD59 and
FLAER expression, age, sex, PLT, TT, PT, APTT, FIB, D-D, CR, WBC
count, and LDH were gathered for correlation analysis (Tables 3 and
4). The study followed the Declaration of Helsinki, approved by the
Ethics Committee of Tianjin Medical University General Hospital,

and participants provided written informed consent.

2.2 | Flow cytometry

Peripheral blood from AML patients was placed in an anticoagu-
lant tube containing heparin. Following that, 10 ul of PerCP-CD34,
APC-CD45, PE-CD117 FITC-CD59, and FITC-FLAER, the FITC-IgG1
as isotype control antibodies, the specimens were allowed to incu-
bate at 4°C for 30 min. Next, erythrocytes were lysed with 2 ml of
erythromycin for 10 min and centrifuged at 400 g for 5 min. After
two washes with phosphate-buffered saline (PBS), the cells were
centrifuged at 400 g for 5 min. Before acquisition on FCM, the cells
were fixed in 300 ul PBS (10° cells/tube) (Beckman Coulter Inc, US).
Kaluza software (Beckman Coulter) was employed for statistical
analysis. All antibodies were provided by BD PharMingen company.

2.3 | Statistical analysis

Differences between individual groups were analyzed by one-
way analysis of variance (ANOVA) or Mann-Whitney U test using
Graphpad Prism. The correlation between the two parameters was
calculated using Spearman's rank correlation coefficient. Paired
Student's t test was performed if suitable. A p-value of less than
0.05 was considered statistically significant. All graphs display
means =+ SD.
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3 | RESULTS

3.1 | Innon-M3 patients, the deficiency of CD59
and FLAER in newly diagnosed group was higher than
that in CR group

FCM was utilized to analyze CD59 and FLAER expression in non-
M3 group patients, of which 66 were newly diagnosed and 35 were
CR cases (Figure 1A). In newly diagnosed group, the mean ratio of
CD59" and FLAER™ cells in primordial cells was 38.47 + 27.49%
and 33.69 + 32.93%, respectively (Figure 1B and C). In CR patients,
the mean ratio of CD59" cells in monocytes and granulocytes was
21.88 + 19.22% and 16.33 + 14.33%, respectively (Figure 1C).
Similarly, the median ratio of FLAER™ cells in monocytes and
granulocytes was 11.61 + 11.10% and 2.59 + 2.15%, respectively
(Figure 1B). In non-M3 group, the deficiency of CD59 and FLAER in
the newly diagnosed group was significantly higher than that in CR
group.

3.2 | In M3 patients, the deficiency of CD59 and
FLAER in newly diagnosed group was higher than that
in CR group

Among M3 patients, FCM was used to analyze CD59 and FLAER

expression in 18 newly diagnosed patients and 42 CR patients

(Figure 2A). The expression of CD59 cells in primordial cells
(72.96 + 26.36%) in the newly diagnosed group was significantly
higher than in monocytes (21.20 + 19.94%) or granulocytes
(17.08 + 12.89%) in CR patients (Figure 2B). Similarly, the expres-
sion of FLAER" cells in primordial cells (62.66 + 39.98%) was signifi-
cantly higher than in monocytes (17.36 + 17.18%) or granulocytes
(15.20 + 14.00%) (Figure 2C). These results indicate that in M3, the
deficiency of CD59 and FLAER in the newly diagnosed group was
significantly higher than in CR group. In a word, in AML, the newly
diagnosed group had a higher prevalence of CD59 and FLAER defi-
ciency than CR group.

3.3 | The deficiency of CD59 and FLAER in M3 was
higher than that in non-M3

Among AML newly diagnosed group, FCM was used to analyze
CD59 and FLAER expression in 18 M3 patients (Figure 3A) and 66
non-M3 patients (Figure 3B). The ratio of CD59 and FLAER™ cells in
primordial cells in M3 patients was higher than that in non-M3 pa-
tients (CD59, 72.96 + 26.36% vs. 41.47 + 27.49% (Figure 3C); FLAER,
62.66 + 39.98% vs. 33.69 + 32.93%) (Figure 3D), with a statistically
significant difference (p < 0.05). These results indicated that CD59
and FLAER deficiency in M3 patients was higher than in non-M3.
In AML CR group, CD59 and FLAER™ expression in monocytes and
granulocytes in 42 M3 patients was higher than that in 35 non-M3
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Table 2. These results indicated that CD59 and FLAER deficiency in
M3 patients was higher than in non-M3 patients.

To precisely investigate CD59" and FLAER™ expression after
achieving CR, we examined 19 newly diagnosed AML patients
(M3 = 10, non-M3 = 9) and subsequently analyzed the same pa-
tients who underwent CR. In M3 newly diagnosed group, CD59" and
FLAER™ expression levels were higher following CR. Similar results
have been observed in non-M3 patients (Table 3). Additionally, these
findings indicated that CD59 and FLAER deficiency in newly diag-
nosed AML was higher than CR.

3.4 | The decline of CD59 and FLAER was
associated with disease progression in AML

The CD59 level and FLAER™ cell ratio of peripheral blood pri-
mordial cells in AML patients were compared with those of WBC,
platelets, the ratio of primordial cell of peripheral blood, PT, TT,
APTT, FIB, D-D, LDH, and other clinical related indexes. The cor-
relation analysis revealed that the average CD59" level in periph-
eral blood primordial cells of M3 patients was positively correlated
with the ratio of primordial cells (r = 0.660, p = 0.003), implying
that CD59 cells are linked to clonal proliferation of leukemia cells
(Table 4).

linked to abnormal coagulation function in newly
diagnosed AML

The newly diagnosed AML patients were divided into CD59°
>10% group and CD59" <10% group. The results indicated that
CD59" >10% group had significantly higher D-D and LDH levels
than CD59™ <10% group, with a statistically significant difference
(p < 0.05). When patients were divided into FLAER™ >3% and
FLAER™ 3% groups, the results revealed that FLAER™ >3% group
had significantly higher D-D and LDH levels than FLAER™ <3% group
(p < 0.05). No significant differences were found in other clinical
indicators (p > 0.05), as illustrated in Table 5. These results suggest
that CD59 and FLAER decline may be correlated with coagulation
dysfunction in AML patients.

4 | DISCUSSION

Currently, studies on CD59 and FLAER decline in AML patients are
rare. Studies have demonstrated that CD59 deletion is linked to
PIG-A gene mutation, leading to PNH occurrence.?! In this study,
we observed the deficiency of CD59 and FLAER expression in AML
(Figures 1-3), but the mechanism remains unknown. Interestingly,
although a rare PIG-A mutation was identified in almost all healthy
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FIGURE 3 Decline of CD59 and FLAER is high in PB of AML patients. An example of a flow diagram for FLAER and CD59 analysis in M3
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TABLE 2 CD59 and FLAER™ ratio in AML

Detected
Group N cell CD59™ (%) FLAER™ (%)
M3 18 PC 72.96 +26.36 62.66 + 39.98
Non-M3 66 PC 38.47 + 27.49 33.69 +32.93
M3 CR 42 MC 21.20 + 19.94 17.36 +17.18
M3 CR 42 GC 17.08 + 12.89 15.20 + 14.00
Non-M3 35 MC 21.88 +19.22 11.61 +11.10
CR
Non-M3 35 GC 16.33 + 14.33 2.59 +2.15
CR

Note: MC and PC were analyzed in CR group.

Abbreviations: CR, complete remission; GC, granulocytes; MC,
monocytes; N, number of patients; PC, primordial cell.

controls,?? recent data indicate that most mutations in healthy
controls did not originate from stem cells.??2* Our previous re-
search demonstrated that abnormal expression and mutation of

RBPJ gene might contribute to CD59™ clonal proliferation.?® In

TABLE 3 Expression of CD59 and FLAER™ after achieving CR in
AML

Detected
Group N cell CD59™ (%) FLAER™ (%)
M3 10 PC 71.17 + 24.24 62.33 +45.31
M3-CR 10 MC 30.54 + 24.02 19.39 + 6.86
M3 CR 10 GC 9.45 + 7.02 8.92+8.84
Non-M3 9 PC 33.72 £ 22.93 32.04 + 29.11
Non-M3 9 MC 1591 +15.34 2.52 +1.67
CR
Non-M3 9 GC 3.73 +£3.56 0.68 +0.51
CR

Note: MC and PC were analyzed in CR group.

Abbreviations: CR, complete remission; GC, granulocytes; MC,
monocytes; N, number of patients; PC, primordial cell.

addition, a study from Byrne et al. indicated that PIG-A assay is
a sensitive method for serial assessment of genomic instability in
mouse models of MDS.?® Therefore, whether PIG-A gene muta-
tion has resulted in the lack of CD59 deficiency in AML remains
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TABLE 4 Correlation analysis of CD597, FLAER' ratio, and clinical indicators in peripheral blood of newly diagnosed AML
M3 group CD59 M3 group FLAER Non-M3 group CD59 Non-M3 FLAER

Clinical index r p r p r p r p
WBC 0.356 0.147 0.306 0.233 0.445 0.178 0.027 0.877
PLT -0.345 0.161 -0.134 0.608 -0.031 0.864 -0.271 0.115
PBPC 0.66 0.003 0.291 0.258 0.22 0.226 0.187 0.283
PT -0.263 0.292 -0.024 0.926 -0.127 0.49 -0.079 0.654
APTT -0.352 0.152 -0.189 0.469 -0.402 0.759 -0.137 0.431
TT -0.044 0.863 -0.386 0.126 -0.231 0.204 -0.151 0.387
FIB 0.307 0.215 0.28 0.277 0.013 0.943 0.096 0.583
D-Dimer 0.105 0.679 0.055 0.833 0.037 0.84 0.046 0.792
LDH 0.315 0.203 0.264 0.306 0.447 0.116 0.156 0.37

Abbreviations: APTT, activated partial thromboplastin time; FIB, fibrinogen; LDH, lactate dehydrogenase; PBPC, peripheral blood primordial cell; PLT,

platelet; PT, prothrombin time; TT, thrombin time; WBC, white blood cell.

TABLE 5 Correlation analysis of CD59", FLAER' ratio, and clinical indicators in peripheral blood of newly diagnosed AML

CD59 group FLAER group
Clinical index CD59™ >10% CD59™ <10% p FLAER™ >3% FLAER™ <3% p
WBC 49.16 + 34.07 50.29 + 34.63 0.965 45.84 + 34.58 49.06 +37.25 0.765
PLT 63.72 +42.45 70.57 + 52.19 0.569 76.65 + 23.87 91.43 + 59.07 0.43
PBPC 47.79 + 31.86 37.86 +36.72 0.253 50.96 +28.77 32.07 + 30.96 0.487
PT 13.08 +1.22 12.63 +1.74 0.242 1292 +1.40 12.63 +1.83 0.886
APTT 29.19 + 3.06 28.85 +3.15 0.66 28.36 +2.28 29.50 +3.13 0.1
TT 19.76 + 2.74 20.70 + 2.60 0.162 20.32 + 2.54 20.28 +2.87 0.954
FIB 3.69 +1.58 3.34+1.19 0.325 3.55+1.35 3.11+1.01 0.165
D-Dimer 1524.23 + 1069.60 966.23 + 562.39 0.035 1415.50 + 1049.43 1059.48 + 594.17 0.008
LDH 545.48 + 304.66 368.67 + 211.61 0.01 545.51 + 25710 421.65 + 280.64 0.034

Abbreviations: APTT, activated partial thromboplastin time; FIB, fibrinogen; LDH, lactate dehydrogenase; PBPC, peripheral blood primordial cell; PLT,

platelet; PT, prothrombin time; TT, thrombin time; WBC, white blood cell.

unclear. In our research, no sequencing of PIG-A gene coding se-
quences in AML patients indicates that the specific mechanism
remains unknown.

CD59 and FLAER deficiency in the newly diagnosed group
was higher than that in CR group, consistent with research results
of Dulau-Florea AE, in which CD59 and FLAER expression lev-
els change continuously with myeloid cell maturation.?’” However,
Hernandez-Campo et al. found no significant changes in CD59 ex-
pression during development and maturation of myeloid cells.?® In
this study, CD59 deletion was positively correlated with peripheral
blood protocells (Table 3), implying its association with malignant
clonal cell proliferation.

Indeed, we discovered a significant reduction in CD59 and
FLAER expression in AML, impairing AML pathophysiology. Recent
studies revealed that proportion of T lymphocytes expressing CD59
was significantly higher in the bone marrow of T-ALL patients than
in healthy individuals,?’ but the molecular mechanism by which this
predicts poor prognosis and disease progression remains unclear.
Additionally, because abnormal coagulation is the cause of death

in AML patients, we discovered that CD59 and FLAER deficiency
contributes to higher D-D and LDH levels in these patients (Table 4)
and hence strongly recommend CD59 and FLAER monitoring. Wada
et al. suggested that procoagulant activity is the most important
factor causing DIC in myelogenous leukemia.®® In our study, most
people received chemotherapy, and one study indicated that both
malignant process and drugs used in combined chemotherapy cause
thrombin activation and hypofibrinolysis, resulting in hypercoagu-
lability, which can also cause coagulation dysfunction,®*2 and this
may interfere with our results. Also, no investigations have been re-
ported on the relationship between abnormal coagulation and CD59.
Although we observed a significantly higher proportion of AML
cases with CD59 and FLAER decline, the underlying mechanism
remains unknown due to patient clinical specificity and inevitable
experimental limitations.

In conclusion, we identified that CD59 and FLAER decline
was associated with leukemia cell proliferation and abnormal co-
agulation function in AML, particularly in M3. CD59 may serve
as a predictor of AML coagulation dysfunction. Further research
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should be conducted to elucidate the functional role of CD59 and
FLAER in leukemia and evaluate whether they can be used in AML
treatment.

ACKNOWLEDGEMENTS
This study was partly sponsored by National Natural Science Fund
of China (Granted number: 81770118). Graphical abstract is created

by Biorender.com.

CONFLICT OF INTEREST
The authors declare no conflicts of interest.

AUTHOR CONTRIBUTION

Shunjie Yu, Shanshan Liu and Lijuan Li designed the research study,
performed the analysis and wrote the article. Fangiao Meng ana-
lysed the data and participated in part of the writing. Zhaoyun Liu
and Xiaotong Ren abstracted the data and assisted in the collection
and analysis of the data. Lijuan Li and Rong Fu critically revised the
paper, performed data analysis and ensured correct analysis of the
data.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from
the corresponding author upon reasonable request.

ORCID
Lijuan Li " https://orcid.org/0000-0001-8913-3915
REFERENCES

1. Garcia-Manero G, Fenaux P. Hypomethylating agents and other
novel strategies in myelodysplastic syndromes. J Clin Oncol.
2011;29(5):516-523.

2. Garcia-Manero G. Myelodysplastic syndromes: 2015 update on
diagnosis, risk-stratification and management. Am J Hematol.
2015;90(9):831-841.

3. Nimer SD. Myelodysplastic
2008;111(10):4841-4851.

4. Jabbour E, Takahashi K, Wang X, et al. Acquisition of cytogenetic ab-
normalities in patients with IPSS defined lower-risk myelodysplastic
syndrome is associated with poor prognosis and transformation to
acute myelogenous leukemia. Am J Hematol. 2013;88(10):831-837.

5. Steensma DP. Myelodysplastic syndromes: diagnosis and treat-
ment. Mayo Clin Proc. 2015;90(7):969-983.

6. Arber DA, Orazi A, Hasserjian R, et al. The 2016 revision to the
World Health Organization classification of myeloid neoplasms and
acute leukemia. Blood. 2016;127(20):2391-2405.

7. Osumi T, Watanabe A, Okamura K, et al. Acute promyelocytic
leukemia with a cryptic insertion of RARA into TBL1XR1. Genes
Chromosomes Cancer. 2019;58(11):820-823.

8. Osumi T, Tsujimoto SI, Tamura M, et al. Recurrent RARB transloca-
tions in acute promyelocytic leukemia lacking RARA translocation.
Cancer Res. 2018;78(16):4452-4458.

9. Dowse RT, Ireland RM. Variant ZBTB16-RARA translocation: mor-
phological changes predict cytogenetic variants of APL. Blood.
2017;129(14):2038.

10. Chang H, Kuo MC, Shih LY, et al. Clinical bleeding events and lab-
oratory coagulation profiles in acute promyelocytic leukemia. Eur J
Haematol. 2012;88(4):321-328.

syndromes. Blood.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

WI LEYM

Seya T, Tejima H, Fukuda H, et al. Acute promyelocytic leukemia
with CD59 deficiency. Leuk Res. 1993;17(10):895-896.

Yildiz A, Kizil Cakar M, Suyani E, Turkoz SG. A systemic lupus er-
ythematosus patient with isolated neutropenia and diminished
expression of CD55 and CD59 similar to paroxysmal nocturnal he-
moglobinuria. Turk J Haematol. 2014;31(3):323-324.

Kim Y, Lim J, Kim M, Kim Y, Lee JW, Han K. Quantitation of CD55
and CD59 expression on reticulocytes and mature erythrocytes in
paroxysmal nocturnal hemoglobinuria, aplastic anemia, and healthy
control subjects. Ann Clin Lab Sci. 2010;40(3):226-232.

Haliloglu G, Maluenda J, Sayinbatur B, et al. Early-onset chronic
axonal neuropathy, strokes, and hemolysis: inherited CD59 defi-
ciency. Neurology. 2015;84(12):1220-1224.

Nevo Y, Ben-Zeev B, Tabib A, et al. CD59 deficiency is associated
with chronic hemolysis and childhood relapsing immune-mediated
polyneuropathy. Blood. 2013;121(1):129-135.

Nakahata J, Takahashi M, Fuse I, et al. Paroxysmal nocturnal he-
moglobinuria with myelofibrosis: progression to acute myeloblastic
leukemia. Leuk Lymphoma. 1993;12(1-2):137-142.

Wei H, Tian Z, Wang XJ, et al. Acute promyelocytic leuke-
mia with CD59 deficiency. Zhongguo Shi Yan Xue Ye Xue Za Zhi.
2010;18(5):1105-1108.

Brodsky RA, Mukhina GL, Li S, et al. Improved detection and char-
acterization of paroxysmal nocturnal hemoglobinuria using fluores-
cent aerolysin. Am J Clin Pathol. 2000;114(3):459-466.

Debliquis A, Wagner-Ballon O, Le Garff-Tavernier M, et al.
Evaluation of paroxysmal nocturnal hemoglobinuria screening by
flow cytometry through multicentric interlaboratory comparison in
four countries. Am J Clin Pathol. 2015;144(6):858-868.

Kulagin A, Lisukov I, Ivanova M, et al. Prognostic value of
paroxysmal nocturnal haemoglobinuria clone presence in
aplastic anaemia patients treated with combined immunosup-
pression: results of two-centre prospective study. Br J Haematol.
2014;164(4):546-554.
Brodsky RA. Paroxysmal
2014;124(18):2804-2811.
Brodsky RA, Hu R. PIG-A mutations in paroxysmal nocturnal
hemoglobinuria and in normal hematopoiesis. Leuk Lymphoma.
2006;47(7):1215-1221.

Araten DJ, Nafa K, Pakdeesuwan K, Luzzatto L. Clonal populations
of hematopoietic cells with paroxysmal nocturnal hemoglobinuria
genotype and phenotype are present in normal individuals. Proc
Natl Acad Sci U S A. 1999;96(9):5209-5214.

Hill A, Ridley SH, Esser D, et al. Protection of erythrocytes from
human complement-mediated lysis by membrane-targeted re-
combinant soluble CD59: a new approach to PNH therapy. Blood.
2006;107(5):2131-2137.

Li L, Liu H, Wang H, et al. Abnormal expression and mutation
of the RBPJ gene may be involved in CD59(-) clonal prolifer-
ation in paroxysmal nocturnal hemoglobinuria. Exp Ther Med.
2019;17(6):4536-4546.

Byrne M, Bennett RL, Cheng X, May WS. Progressive genomic in-
stability in the Nup98-HoxD13 model of MDS correlates with loss
of the PIG-A gene product. Neoplasia. 2014;16(8):627-633.
Dulau-Florea AE, Young NS, Maric |, et al. Bone marrow as a source
of cells for paroxysmal nocturnal hemoglobinuria detection. Am J
Clin Pathol. 2018;150(3):273-282.

Hernandez-Campo PM, Almeida J, Matarraz S, de Santiago M,
Sanchez ML, Orfao A. Quantitative analysis of the expression of
glycosylphosphatidylinositol-anchored proteins during the maturation
of different hematopoietic cell compartments of normal bone marrow.
Cytometry B Clin Cytom. 2007;72(1):34-42.

JiaY, Qi Y, Wang, et al. Overexpression of CD59 inhibits apoptosis
of T-acute lymphoblastic leukemia via AKT/Notch1 signaling path-
way. Cancer Cell Int. 2019;19:9.

nocturnal hemoglobinuria. Blood.


https://orcid.org/0000-0001-8913-3915
https://orcid.org/0000-0001-8913-3915

80of 8
% | WILEY

30.

31.

32.

LI ET AL.

Wada H, Nagano T, Tomeoku M, et al. Coagulant and fibrinolytic ac-
tivitiesin the leukemic cell lysates. Thromb Res. 1983;30(4):315-322.
Sehgal S, Sharma S, Chandra J, Nangia A. Coagulation profile during
induction chemotherapy in childhood acute lymphoblastic leuke-
mia. Indian J Pathol Microbiol. 2017;60(1):50-56.

Takagi K, Tasaki T, Yamauchi T, lwasaki H, Ueda T. Successful ad-
ministration of recombinant human soluble thrombomodulin alpha
(recomodulin) for disseminated intravascular coagulation during
induction chemotherapy in an elderly patient with acute monoblas-
tic leukemia involving the t(9;11)(p22;q23) MLL/AF9 translocation.
Case Rep Hematol. 2011;2011:273070.

How to cite this article: Li L, Yu S, Liu S, et al. The expression
and clinical significance of CD59 and FLAER in Chinese adult
AML patients. J Clin Lab Anal. 2022;36:€24145. doi:10.1002/
jcla.24145


https://doi.org/10.1002/jcla.24145
https://doi.org/10.1002/jcla.24145

