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Background: Hemophilia is an inherited bleeding disorder that could cause many complications one of them is hemarthrosis. Neutrophils
are the predominant immune cells that infiltrate joints after hemorrhage. Tissue injury is often accompanied by the productions of neutrophil
extracellular traps (NETs), which are DNA constructs containing attached granular enzymes. Aims of Study: Measuring the circulating
NETs, neutrophil elastase (NE), and myeloperoxidase (MPO) in the plasma of hemophilia A patients with hemarthrosis, for an understanding
of hemarthrosis’ underlying pathology. Subjects and Methods: Fifty persons were recruited in this study, during a period of 8§ months
from November 2022 to June 2023: 25 patients were diagnosed as hemophilia A with hemarthrosis and another 25 individuals served as
a control group who were unrelated, apparently healthy, and were age and sex matched. Plasma NE and MPO were measured by ELIZA
technique. Results: The plasma MPO and NE levels were significantly higher in hemophilia A patients than controls: 12.714 + 19.439 and
1535.34 + 2059.87 ng/mL, respectively, at (P < 0.05) compared to control group 3.672 + 3.623 and 235.26 + 274.61 ng/mL. Conclusions
and Recommendations: Patients with hemarthrosis had a considerably higher level of NETSs in their plasma than healthy individuals. These
findings may indicate the function of NETs in the pathology of hemophilia A with hemarthrosis, and the identification of high NETs might
serve as a biomarker, as well as a possible prognostic and therapeutic target for such individuals.
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INTRODUCTION hemarthrosis. These synoviocytes produce for angiogenesis
vascular endothelial growth factor and vascular remodeling, as
well as pro-inflammatory cytokines like tumor necrosis factor
alpha, IL 6 and IL 1-beta.These factors lead to an increase in
the number of fibroblast-like synoviocytes (FLS) and the death
of chondrocytes.’) The relase of erythrocytes and damage-
associated molecular pattern (DAMP) may be triggered by
joint bleeding, which may lead to sterile inflammation in the
joints and production of neutrophil extracellular traps(NETs).[!
This is just one of many molecular mechanisms that lead to
the injury and causes of hemophilic arthropathy. Neutrophil
net-like structures called extracellular traps are produced from

Hemophilia is x-linked disorder in which the affected
patients bleed heavily for prolonged period of time after
injuries,surgery,tooth extraction,or circumcision. Constant
bleeding after minimal trauma or spontaneous bleeding is
an indicator of severe hemophilia who defined that factor
VI <1%.M1 Tt is characterized by deficiency of clotting
factor FVIII, which results from distinct gene variations or
mutations.”’ Hemophilia A affects around 1 in 5000 males,
which representing 8%—85% of hemophilia cases.’! The
severity of hemophilia may be further classified by examining
the correlation between bleeding symptoms and the amount
of residual factor. Patients who have moderate hemophilia, in Address for correspondence: Dr. Rusul Qasim Mohammed,
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active neutrophils and are made of DNA-histone complexes
and proteins.”! The cause of this occurring can be attributed
to ongoing inflammatory process triggered by the occurrence
of joint bleeding. This process leads to the release of several
cytokines,including tumor necrosis factor alpha, interleukin-6
,interleukin-1 beta, as well as pro-angiogenic chemicals
into bloodstream.Consequently,these substances drive the
development of neutrophil extracelluar traps.®

SusJects AND MeTHODS
Subjects and design study

This case—control study was done in the Department of
Pathology and Forensic Medicine/Faculty of Medicine/
Mustansiriyah University in cooperation with Al-Karama
Teaching Hospital in Wasit and Children Welfare Teaching
Hospital in Baghdad, during the period from November 2022 to
June 2023. This study has a total of 50 samples,of which 25 were
identified as individuals with sever hemophilia A who factor
VIII less than 1% and the presence of persistent hemarthrosis.
The clinical diagnosis of hemophilia A patients was carried out
by hematologist specialist physician based on history ,clinical
examination,additionally the confirmation of this diagnosis was
achieved by the use of a factor VIII assay. Patients were directly
interviewed and the data were taken using the questionnaire that
includes age, gender, length, weight, and family history. The
other 25 samples were from apparently healthy subjects who
had no pathological state at the time of this study; all of these
individuals were matched to patients for age and sex.

Methods

All participants gave their informed permission after being
given a thorough explanation of the study’s goals and any
potential risks to their health, each participant in the research
project provided their informed written consent. We took 5 mL
of venous blood from each patient and healthy control and let
it clot at room temperature and undisturbed for 10-20 min.
The clot was extracted after a centrifugation process lasting
20 minutes,the serum was transferred into eppendorf tubes.

Enzyme-linked immunosorbent assay(ELISAs) are used for
quantifying of neutrophil myeloperoxidase(MPO) level and
the neutrophil elastase (NE) level for each sample,according
the company(Snulong biotech.,Ltd).

Statistical analysis

IBM SPSS-29 (IBM Statistical Packages for the Social
Sciences, version 29, Chicago, Illinois, United States) was
used to analyze the data. The data were shown using a mean,
standard deviation (SD). The significance of a difference in
means between two groups was tested using the Students’
t-test, Paired -test was used to determine statistical significance
between paired observations (or two dependent means),
and analysis of variance was used to determine statistical
significance between three or more independent means. When
the probability level was <0.05, it was judged to be statistically
significant.[1?)

ResuLts

In Tables 1 and 2, the results showed a significant rise (P < 0.05)
in the level of MPO and NE for hemophilia patients compared
to healthy subjects. Table 1 shows the results (mean = SD) of
MPO (12.714 £ 19.439) compared to controls (3.672 +3.623)
and Table 2 shows the results of NE (1535.34 £+ 2059.87) of
hemophilia patients compared to controls (235.26 = 274.61).

Discussion

Identifying the process of inflammation that causes joint
damage in hemophilia patients is important for treating their
major complications. This is because neutrophils make up
a large portion of human leucocytes and has major role in
the body’s immune system and inflammatory processes. As
shown in Tables 1 and 2, the results showed that the levels
of NE and MPO in the plasma of patients are significantly
higher than those of healthy subjects. Our study agreed with
Oneto et al., 2022, van Vulpen et al., 2021,1'* and Kaminski
et al., 2023.191 Melchiorre et al., 2017,1'51 confirmed that the
pathogenesis of arthropathy has several aspects between
rheumatoid arthritis (RA) and osteoarthritis (OA) of both
clinical and biological features, such as synovitis, bone
resorption, and articular cartilage deterioration in RA and OA,
respectively. According to studies by Camona et al., 2020,
Clarke et al., 202001 and Song et al., 2020,'® considering
the widely accepted evidence that neutrophil extracellular
traps (NETs) play a vitol role as synovial structures in
corrdinating aberrant immune responses,inflammation and
joint deterioation, it is probable that interaction between
synovial neutrophil and fibroblast-like synoviocytes will
lead to the generation of inflammatory signals that promote
the development of pathogenic immune reaction. Synovial
NE may directly degrade cartilage components in addition
to promoting inflammation through FLS and macrophages.

Table 1: Comparison of myeloperoxidase level between
patients and control

Type subject Parameter MPO (ng/mL), mean+SD SEM P
Hemophilia 12.714419.439 3.888  0.027
Control 3.672+3.623 0.725

"There is a statistically significant difference seen between two
independent mean when doing student’s t -test at a significance level
of 0.05. SEM: Standard error of mean, MPO: Myeloperoxidase, SD:
Standard deviation

Table 2: Comparison of neutrophil elastase level between
patients and control

Type subject Parameter NE (ng/mL), mean+=SD  SEM P
Hemophilia 1535.34+2059.87 411.974  0.003*
Control 235.26+274.61 54.922

“There is a statistically significant difference seen between two
independent mean when doing student’s t-test at a significance level 0.05
NE: Neutrophil elastase, SEM: Standard error of mean, SD: Standard
deviation
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CONCLUSIONS

Hemophilic patients who suffering from hemarthrosis had
considerably higher plasma NET levels compared to healthy
controls.

Recommendations

Patients with hemophilia A who are experiencing hemarthrosis
may benefit from using NETs as a biomarker for the disease,
as well as a prognostic and therapeutic target.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Bemntorp E, Fischer K, Hart DP, Mancuso ME, Stephensen D,
Shapiro AD, et al. Haemophilia. Nat Rev Dis Primers 2021;7:45.

2. van Galen KP, d’Oiron R, James P, Abdul-Kadir R, Kouides PA,
Kulkarni R, et al. A new hemophilia carrier nomenclature to define
hemophilia in women and girls: Communication from the SSC of the
ISTH. J Thromb Haemost 2021;19:1883-7.

3. Lanzkowsky P, Lipton J, Fish JD. Lanzkowsky’s Manual of Pediatric
Hematology and Oncology. Elsevier. 2016.

4. Peyvandi F, Garagiola I, Young G. The past and future of haemophilia:
Diagnosis, treatments, and its complications. Lancet 2016;388:187-97.

5. Gualtierotti R, Solimeno LP, Peyvandi F. Hemophilic arthropathy:
Current knowledge and future perspectives. J Thromb Haemost
2021;19:2112-21.

6. Kaminski T, Brzoska T, Tutuncouglu E, Ragni M, Sundd P. Neutrophil

Extracellular Traps Promote Joint Injury in Hemophilia. Available
from: https://abstracts.isth.org/abstract/neutrophil-extracellular-traps-
promote-joint-injury-in-hemophilia/. [Last accessed on 2023 Aug 12].
Dabrowska D, Jabtonska E, Garley M, Ratajczak-Wrona W, Iwaniuk A.
New aspects of the biology of neutrophil extracellular traps. Scand J
Immunol 2016;84:317-22.

Valentino LA, Hakobyan N, Enockson C. Blood-induced joint disease:
The confluence of dysregulated oncogenes, inflammatory signals, and
angiogenic cues. Semin Hematol 2008;45:S50-7.

Celentano DD, Armstrong C. Gordis Epidemiology. 6" ed. Elsevier,
Inc.; 2019.

. Daniel WW, Cross CL. Biostatistics: A Foundation for Analysis in the

Health Sciences. 11" ed. USA: John Wiley & Sons Inc.; 2019.

. Daniel WW. Biostatistics: A Foundation for Analysis in the Health

Sciences. 8" ed. John Wiley & Sons Inc.; 2018.

. Dawson, B. Methods of evidence-based medicine and decision analysis.

Basic & Clinical Biostatistics, 2004. p. 326

. Oneto P, Landro ME, Daffunchio C, Douglas Price AL, Carrera Silva EA,

Caviglia H, et al. DNA extracellular traps as potential biomarker of
chronic haemophilic synovitis and therapeutic perspective in patients
treated with PRP: A pilot study. Haemophilia 2022;28:351-61.

. van Vulpen LF, Thomas S, Keny SA, Mohanty SS. Synovitis and

synovectomy in haemophilia. Haemophilia 2021;27 Suppl 3:96-102.

. Melchiorre D, Manetti M, Matucci-Cerinic M. Pathophysiology of

hemophilic arthropathy. J Clin Med 2017;6:63.

. Carmona-Rivera C, Carlucci PM, Goel RR, James E, Brooks SR,

Rims C, et al. Neutrophil extracellular traps mediate articular
cartilage damage and enhance cartilage component immunogenicity in
rheumatoid arthritis. JCI Insight 2020;5:139388.

. Clarke J. NETs directly injure cartilage in RA. Nat Rev Rheumatol

2020;16:410.

. Song W, Ye J, Pan N, Tan C, Herrmann M. Neutrophil extracellular

traps tied to rheumatoid arthritis: Points to ponder. Front Immunol
2020;11:578129.

Mustansiriya Medical Journal | Volume 22 | Issue 2 | July-December 2023 -



https://abstracts.isth.org/abstract/neutrophil-extracellular-traps-promote-joint-injury-
in-hemophilia/
https://abstracts.isth.org/abstract/neutrophil-extracellular-traps-promote-joint-injury-
in-hemophilia/

