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Abstract:

Background: Acute lymphoblastic leukaemia is the most common form of cancer (25-30%) and predominant subtype of
leukaemia (75-80%) in children. It represents a malignant expansion of immature lymphoid cells that results from multi-step
genetic changes in a single lymphoid progenitor cell. Hyaluronic acid is a nonsulfated glycosaminoglycan. It is found mainly
in the extracellular matrix (ECM), especially of the loose connective tissue, including the bone marrow. HA influences many
processes such as angiogenesis and the growth and migration of cells. HA levels are elevated in various cancers including
AML, lung and breast cancers but their prognostic significance is unclear. Ferritin is the primary iron storage protein. High
concentrations of ferritin are found in the cytoplasm of the reticuloendothelial system;the liver, spleen and bone marrow. It
is also found in extracellular compartments, such as the serum. Serum ferritin is significantly affected by acute and chronic
inflammation and is frequently increased at diagnosis in several cancers. The aim was to to evaluate the level of serum hyal-
uronic acid and ferritin in patients with ALL at diagnosis and in remmision, to correlate with hematological,biochemical and
clinical parameters and to investigate if serum HA and ferritin could have a prognostic impact on disease development. Ma-
terials and Methods: A total of 60 subjects were enrolled in this study, 40 patients of ALL as cases (20 patients at diagnosis
before starting chemotherapy and 20 patients in remission but still under therapy); and 20 age and gender-matched healthy
subjects as controls. Serum HA was measured using a commercially available sandwich ELISA kit while serum ferritin was
measured by immunoassay using an automated clinical chemistry analyzer. Results: Serum HA in newly diagnosed patients
with ALL was significantly higher than either patients in remission or controls which suggests that HA could have a role in
the malignant process of ALL.

Both patient groups (newly diagnosed and those in remission) had elevated levels of serum ferritin with no significant differ-
ence. This could be due to infection, inflammation or release of ferritin from damaged leukemic cells and other ferritin con-
taining cells during chemotherapy. Serum levels of HA correlated positively with both serum ferritin and LDH. Conclusion:
Our data suggest that serum level of hyaluronic acid could serve as a possible prognostic marker in ALL. Also it may represent
an interesting target for new therapeutic strategies.
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Introduction:

Acute lymphoblastic leukemia (ALL) is a neoplastic disease
that results from multistep somatic mutations in a single
lymphoid progenitor cell at one of several discrete stages of
development. Proliferation and accumulation of clonal blast
cells in the marrow result in suppression of hematopoiesis and,
thereafter, anemia, thrombocytopenia, and neutropenia. Lym-
phoblasts can accumulate in various extramedullary sites, espe-
cially the meninges, gonads, thymus, liver, spleen, and lymph
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nodes(1). Only a small proportion (<5%) of patients with child-
hood ALL have underlying hereditary genetic abnormalities.
Children with Down syndrome have al0-to 30-fold increased
risk of developing ALL (2).Familial disorders of DNA repair
have been implicated in the induction of ALL in some patients.
Environmental agents, such as ionizing radiation and chemical
mutagens may play a role. However, in most cases, no etiologic
factors are discernible. In the favored theory, leukemogenesis
reflects the interaction between host pharmacogenetics (sus-
ceptibility) and environmental factors(1).Acute lymphoblastic
leukaemia is the most common form of cancer (25-30%) and
predominant subtype of leukaemia (75-80%) in children (2).
It is more common in males than in females and in the USA,
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childhood ALL is considerably less common in Black Ameri-
cans than in Whites(3). According to the Iraqi Cancer Registry
2015; leukemia had the highest incidence of cancer in children
(3/100000 children 0-14 years population) (4).

Hyaluronic acid is a nonsulfated glycosaminoglycan. It is
the only glycosaminoglycan that is not attached to any protein
core. It consists of repeated disaccharide units which are com-
posed of D-glucuronic acid and D-N-acetylglucosamin . It is
found mainly in the extracellular matrix (ECM), especially of
the loose connective tissue, including the bone marrow(5,6). As
an integral component of ECM, HA influences many processes
such as embryogenesis, angiogenesis, wound-healing, and the
growth and migration of cells. It also plays a crucial role in the
microenvironment, coregulating cell behavior during inflam-
mation, cancer , and tumorigenesis (7)

Ferritin is the primary iron storage protein and provides a re-
serve of iron. Ferritin consists of a spherical protein (molecular
mass 480 000 Da) enclosing a core of ferric-hydroxy-phos-
phate, which may contain up to 4000 atoms of iron. Human
ferritin is made up from 24 subunits of two immunologically
distinct types:H and L.There are multiple gene copies, which
are mostly pseudogenes(8,9). Serum ferritin correlates roughly
with total body iron stores, significantly affected by acute and
chronic inflammation and is frequently increased at diagnosis
in several cancers.

Patients, Materials and Methods This prospective cross sec-
tional study was conducted in the Central Teaching Hospital of
Paediatrics, Baghdad, Iraq from January 2020 to October 2020 .

A total of 60 subjects were enrolled in this study, 40 patients
of ALL as cases (20 patients at diagnosis before starting che-
motherapy and 20 patients in remission but still under therapy);
and 20 age and gender-matched healthy subjects as controls.

The diagnosis of ALL was based on morphology ,cytochemis-
try of the peripheral blood and/or bone marrow aspirate smears
by expert hematologist and immunophenotyping.

Four millileters of venous blood were collected from each par-
ticipant with aseptic precautions from the antecubital vein. The
collected blood was put in the refrigerator at 4 C° for the night.
Then was centrifuged for 10min at 1000-3000rpm. The serum
was taken and the sample was stored at -80 C° for 3 months.
Serum HA was measured using a commercially available sand-
wich ELISA kit while serum ferritin was measured by immuno-
assay using an automated clinical chemistry analyzer.
Inclusion and exclusion criteria

All patients were diagnosed with ALL, both B- and T-ALL
subtypes were included and the age was less than 15 years. The
patients were randomly selected in relation to gender.

The exclusion criteria included patients on iron supplementa-
tion or on drugs affecting iron metabolism, patients with hepa-
titis or other liver diseases, patients with other type of malig-
nancy and patients with skin or rheumatological diseases.
Statistical Analysis

All statistical analyses were performed using SPSS statistical
software, version 25 (IBM Corporation, USA). Quantitative
variables were presented as mean + standard deviation (SD)
and compared by student t-test when there were two groups,

or analysis of variance (ANOVA) when there were more than
two groups. Categorical variables were expressed as counts and
percentages and analyzed with Chi square. Receiver operating
characteristic curve was used to find out the diagnostic value
of HA and LDH in discrimination between newly diagnosed
patients and those with remission. Correlations between HA,
ferritin and LDH with other variables were performed with two-
tailed Pearson’s correlation analysis. For all tests, a significant
level of statistics was considered when p<0.05.

Results:

Most of patients were in the age class of 1-10 years and
male:female ratio was 1.5:1. The vast majority of patients were
anemic at diagnosis. More than half of the patients had WBC
count < 50 x109/L and 80% of them had a platelet count of
<100 x109/L. T-ALL type was encountered in 5 patients (25%).

Newly diagnosed patients showed higher serum concentra-
tion of HA (mean= 16.15% 6.52 ng/ml, range 2.55-40.79 ng/
ml) than either patients at remission (mean= 9.48+ 3.89 ng/ml,
range 0.211-27.32 ng/ml) or controls (mean= 6.59+ 2.88 ng/
ml, range 0.59-19.34 ng/ml) with highly significant differences.
There was no significant difference between remission group
and controls (Figure 1)
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Newly diagnosed patients demonstrated slightly higher se-
rum concentration of ferritin than remission group (mean=
697.86+190.1 ng/ml, range 93.2-1500 ng/ml versus mean=
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ference was not a significant (Figure 2).In general all patients
(newly diagnosed and those in remission) displayed ferritin lev-
els higher than the normal limits ( 7-140 ng/ml ). HA showed a
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significant positive correlation with LDH (1= 0.551, p<0.001)  and ferritin (r= 0.670, p<0.001) as shown in table 1.

HA Ferritin LDH
Variable
r p-value r p-value r p-value
Age 0.037 0.822 0.004 0.980 0.174 0.327
Hemoglobin 0.069 0.773 -0.04 0.867 0.348 0.133

Platelets -0.193 0.415 -0.247 0.294 -0.025 0.918
WBC -0.104 0.663 -0.380 0.099 0.315 0.176
Blast 0.081 0.734 -0.167 0.480 0.295 0.207
LDH 0.551 0.001> 0.159 0.327

Ferritin 0.670 0.001>

Discussion: compared with normal levels for age and this is an agreement

Serum concentration of HA was higher than either patients in
remission or controls with highly significant differences and
this is in agreement with Anagnostopoulou et al (5). In earlier
studies, considerably elevated serum HA values have been ob-
served in AML, multiple myeloma, lymphoma , myelofibro-
sis, and CML , and also in various nonhematological diseases
(5,10,11) . These studies confirmed that elevated serum HA lev-
els may accompany malignant diseases. It is synthesized and
secreted by fibroblasts and endothelial cells, catabolized by lo-
cal degradation or carried away from the bone marrow via the
blood circulation.Alterations in the hepatic blood or lymph flow
may influence the kinetics of HA elimination.(5) Also, It has
been reported that HA is synthesized by tumor stromal fibro-
blasts and that tumor cells activate the synthesis of high levels
of hyaluronic acid by the fibroblasts .(12) Anagnostopoulou et
al reported that the concentrations of serum HA in patients with
acute leukemia (AML and B-ALL) on D0 who did not survive
were much higher than in patients who survived. Giannopoulos
et. al, 2009 reported that a receptor for hyaluronic acid-medi-
ated motility expression appears to be of prognostic value, and
may reflect the proliferative capacity of chronic lymphocytic
leukemia cells, and therefore it may represent an interesting tar-
get for immunotherapy in patients with different hematological
malignancies (13).

So the increased levels of serum hyaluronic acid in newly di-
agnosed ALL patients could be due to increased synthesis by
the stromal fibroblasts under the effect of tumour cells, or de-
creased HA elimination due to alterations in hepatic blood or
lymph flow.

In this study, there is a significant increase in serum ferritin
levels among patients with acute lymphoblastic leukemia when

with Anagnostopoulou et al(5) and Hamad et al(14).In our study
newly diagnosed patients demonstrated slightly higher serum
concentration of ferritin than remission group .Ferritin is a cel-
lular storage protein for iron.It belongs to the acute-phase reac-
tants, and it accompanies both inflammation and tissue injury.
Several studies had reported that patients with elevated ferritin
levels have a worse prognosis than those with lower or normal
levels (12,15) . In addition many other studies reported that se-
rum ferritin is significantly increased in AML and other hema-
tological malignancies, with important prognostic implications
.(12,16-18) Garcia-Manero et al. (15) reported that, in patients
with acute leukemia, serum ferritin is a marker of acute-phase
reactions and iron storage. Possible factors that are likely to
contribute for raised serum ferritin levels in ALL patients in re-
mission could be infection, iron overload, and chemotherapy.

The serum concentration of LDH is significantly increased in
newly diagnosed patients with ALL and is much higher than
remission group. This is in agreement with Anagnostopou-
lou et al(5), Hamad, et al(14) and many other studies. It is a
well-known poor prognostic factor in patients with malignan-
cies and it is frequently elevated in acute leukemia patients ,
reflecting malignant cell proliferation.(12,19). LDH enzyme is
a very sensitive indicator of the cellular metabolic state, aero-
bic or anaerobic direction of glycolysis, activation status and
malignant transformation.(20). Tumor burden, reflected by se-
rum lactate dehydrogenase (LDH) level, initial white blood cell
count (WBC), tumor size, and extensive bone marrow involve-
ment are the main predictors for development of tumour lysis
syndrome patients with acute leukemia.(21)

In our study, HA showed a significant positive correlation with
LDH (r= 0.551, p<0.001) and ferritin (r= 0.670, p<0.001) and
this is in agreement with Anagnostopoulou et al and Maksoud
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et al for AML. This positive correlation may imply a relation-
ship between HA metabolism and the activity of the malignant
process
Conclusion

Our data suggest that HA could have a role in the malignant
process of ALL as children with newly diagnosed ALL showed
higher serum concentration of HA than either patients at remis-
sion or control cases with highly significant differences. ALL
patients have raised serum ferritin levels. HA showed a signifi-

cant positive correlation with ferritin and LDH. Thus, we sug-
gest that serum HA may serve as a possible marker for aggres-
siveness in ALL patients, particularly before the beginning of
the chemotherapy.
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