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Abstract : Background: Thalassemia major (T major), a severe hereditary hematological condition,  typified 
by inadequate synthesis of the hemoglobin chain, which causes anemia, iron overload, and related 
problems. 

Objectives: The present work explores the relationship between the salivary glucosyltransferase B levels and 
serum ferritin, serum transferrin and salivary lactoferrin levels in T major patients.  

Methods: This study included sixty participants, of whom thirty were diagnosed with thalassemia major and 
thirty were healthy controls. Salivary GtfB, serum ferritin, serum transferrin, and salivary lactoferrin levels 
were appraised through enzyme-linked immunosorbent assays (ELISA) and immunoturbidimetry. 

Results: Remarkable differences were evident in the ferritin and glucosyltransferase levels between the T 
major and control groups (p = 0.000).  The T major patients presented higher ferritin levels implying iron 
overload and lower glucosyltransferase levels. No significant changes were noted in the lactoferrin and 
transferrin levels. Association analysis indicated a strong positive association between lactoferrin and 
glucosyltransferase in both groups (p < 0.05), inferring an identical biological mechanism.  

Conclusion: The findings highlight the presence of T major and stress-related metabolic disturbances and 
the need for further studies to clarify the role of biomarkers like glucosyltransferase in iron overload 
management and disease development. This work offers critical insights into the biomarkers that can be 
investigated for prospective diagnostic and treatment lines for T major. 
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INTRODUCTION  

 Thalassemia comprise an assortment of hereditary hematologic disorders caused by aberrations in 
the production of one or more of the hemoglobin chains (1). Alpha-thalassemia occurs due to a lowered or 
complete lack of production of the alpha-globin chains, whereas beta-thalassemia arises from a reduced or 
total absence of production of the beta-globin chains (2). Imbalances in the globin chains result in 
hemolysis and hinder erythropoiesis (3). Beta-thalassemia major results in hemolytic anemia, impaired 
growth, and infant skeletal deformities (4). Most experts estimate that approximately 5.2% of the global 
population (around 300-360 million people) possess structurally abnormal hemoglobin (5). Nearly 80-90 
million individuals are β-thalassemia carriers, representing 1.5% of the global population. Furthermore, 
reports reveal that approximately 68,000 newborns are born annually with β-thalassemia, which includes 
both minor and significant cases (6).  
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 Glucosyltransferase B (GtfB), an enzyme synthesized by Streptococcus mutans, catalyzes the formation of 
insoluble glucans from sucrose, which contributes to the structural integrity of the biofilm (7). It is one of 
the prime virulence factors in the development of dental caries (8). Nonetheless, its function continues to 
be ambiguous in caries-free individuals who harbor the bacterium (9). GtfB is considered a diagnostic 
indicator for dental caries activity, and its significance in the development of the disease has prompted the 
development of many prevention strategies, including vaccines and the use of natural substances like 
apigenin, which regulate the expression of the genes for GtfB and GtfC (10). 

   The sole treatment for anemia in beta-thalassemia individuals is the administration of numerous blood 
transfusions, which causes iron overload and heart, liver, and bone damage (11). Chelation therapy is done 
to reduce the high iron levels, thus averting rapid clinical decline or potential mortality (12). After the iron 
is absorbed from different sites of the small intestine, the iron transporters associate with transferrin, which 
is then sequestered in the reticuloendothelial cells of the spleen, liver, and bone marrow, where it binds to 
the hemosiderin and ferritin (13). Iron serves as a metallic cofactor for several enzymes (such as 
ribonucleotide reductase, mitochondrial aconitase, and the oxidases, peroxidases, and catalases) and is a 
component of the hemoproteins, including cytochromes and hemoglobins (14). The chemical properties of 
iron can adversely affect biological systems (15). Ferritin, an intracellular iron storage protein, seen in both 
eukaryotes and prokaryotes, sequesters iron in a non-toxic and soluble form (16). The global protein 
complex with 450 kDa molecular weight has twenty-four protein components (17). The iron load on the 
body is assessed using serum iron, total iron-binding capacity (TIBC), and ferritin concentrations. The 
serum ferritin estimation is crucial to the assessment of iron overload in β-thalassemia major patients (18). 
The primary objective is to examine the correlation between the concentration of salivary glucosyl 
transferase-B and the ferritin, transferrin, and lactoferrin levels in individuals with Thalassemia major, to 
elucidate the potential biomarker interactions and implications for disease progression and management. 

MATERIAL AND METHODS  

Subject selection 

Saliva and sera samples were obtained from sixty participants (males and females) in the 18- to 60-year age 
range, from December 2023 to March 2024. The subjects were enlisted and segregated into two groups: the 
first group included thirty individuals diagnosed with Beta Thalassemia major at the Thalassemia centers of 
Ebn-Al Balidy and Al-Karama hospitals in Baghdad, while the second group comprised thirty healthy 
subjects, as controls. This study was granted ethical approval from the Ethics Committee of the College of 
Dentistry, University of Baghdad.  
The inclusion criteria consist of stable Beta Thalassemia major (T major) patients without concomitant 
diseases or drug effects for the patient group, and healthy persons without any types of blood disorders or 
chronic illnesses that impact iron metabolism, for the control group. The exclusion criteria included 
individuals from age 18 to 60 years of age who were unable to provide informed permission, pregnant or 
lactating women, and individuals affected with other diseases or on medication or receiving treatments that 
could influence the biomarkers under investigation. 

Serum and saliva collection  

Using the by the spitting method, 3 ml of unstimulated saliva was obtained from each participant (19), and 
transferred to sterile tubes. The samples were centrifuged at 4000 rpm for 3 minutes to separate the cellular 
debris. For blood samples, 5 mL was drawn via venipuncture into sterile tubes, centrifuged for 15 minutes 
at 3000 rpm, and the serum was extracted with an automated pipette. Both serum and saliva were preserved 
at -20º C for later usage. 
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Measurement of human ferritin by Chemistry Analyzers 

The technique employed utilizes microparticle-enhanced immunoturbidimetry with a Thermo Scientific 
chemical analyzer from Finland. Serum samples from both patients and controls were used and processed 
with microparticles coated with rabbit antibodies specific to human ferritin or iron. The quantification of 
the immunocomplex formation for Ferritin was performed by assessing the absorbance changes at 700 nm, 
within a detection range of 0.32–20 ng/ml.   

Measurement of Human salivary Glucosyltransferase (GTFB), serum Transferrin (TRF), and salivary 
Lactoferrin (LTF)  
The commercially available Enzyme-linked immunosorbent Assay (ELISA) kits were used to measure 
Human Glucosyltransferase (GTFB), Human Transferrin (TRF), and Human Lactoferrin (LTF). For both 
GtfB and LTF analyses, saliva samples were used. The Human Glucosyltransferase (GTFB) ELISA Kit 
(Wuhan Feiyue Biotechnology Co., Ltd., China) and the Human Lactoferrin ELISA Kit (ELK 
Biotechnology, USA) were employed to quantify the GtfB and LTF levels, respectively. In contrast, the 
Human Transferrin ELISA Kit was used to detect TRF from the serum samples. The conventional 
Sandwich ELISA protocol was used; the final reaction was terminated with a stop solution after the TMB 
substrate solution was added to the wells, causing a color transition from blue to yellow. The absorbance of 
optical density (OD) at 450 nm was carefully recorded, and the findings were computed by comparing the 
absorbance values to a standard curve, and the quantities of the target proteins in the samples were 
determined. 

Statistical analysis  

Statistical analyses were done using the SPSS 15 software (SPSS Inc., IL, USA). The Shapiro-Wilk test, 
Kruskal-Wallis H test, and Pairwise test were performed. A p-value of less than 0.05 was considered of 
statistical significance. 

RESULT  

The present study included sixty subjects (males and females) segregated into two groups; in the first group 
were thirty patients suffering from T major, with a mean age of  23.233 ± 7.398 years, while in the second 
group were thirty healthy individuals, with a mean age of 29.667 ± 9.517 years. 

Measurement of Glucosyltransferase, Ferritin, Transferrin, and Lactoferrin in Thalassemia major 
patients   

As demonstrated in Table (1), this study analyzed the presence of Glucosyltransferase (GTFB) enzyme 
and the biochemical parameters, including Human Ferritin (FE), Transferrin (TRF), and Lactoferrin 
(LTF), across the Thalassemia major and control groups. Descriptive statistics, comprising the median 
and chi-square (X2), were computed for each parameter, and the statistical analysis revealed substantial 
differences across the groups. 

Table (1): Descriptive statistics for glucosyltransferase-B, ferritin, transferrin, and lactoferrin across 
Thalassemia major and control groups. 

Parameters Groups 
Descriptive Statistics 

 
Median X2 p-value 

Glucosyltransferase 
pg/mL 

T major 30.158 
18.488 0.000 

Control 40.829 
Ferritin T major 2783.800 59.376 0.000 
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ng/mL  Control 63.150 
Transferrin 

ng/mL 
T major 84.119 

2.610 0.271 
Control 82.589 

Lactoferrin 
ng/mL 

T major 1.271 
3.852 0.146   

Control 1.422 
 

Table (2): Multiple comparisons for glucosyltransferase-B, ferritin, transferrin, and lactoferrin between 
Thalassemia major and control groups using pairwise test. 

Parameters Groups Pairwise test P-value 
Glucosyltransferase Bpg/mL T major x control  28.25 0.000 
Ferritin ng/mL  T major x control  -44.367 0.000 

 

From the analytical results in Table 1 significant differences were observed between the T major and 
control groups for ferritin and glucosyltransferase-B, with p-values of 0.000 for both parameters, 
demonstrating a huge discrepancy in their distribution. Although the control group reveals a median 
glucosyltransferase level (40.829), which is higher than in the T major group (30.158), the median 
ferritin level in the T major group (2783.800) appreciably exceeds that of the control group (63.150). In 
contrast, for lactoferrin (p-value = 0.146) and transferrin (p-value = 0.271) no significant differences were 
noted between both groups, as the T major and control groups showed comparable median values for 
transferrin (84.119 vs. 82.589) and lactoferrin (1.271 vs.1.422), respectively. The pairwise test also 
revealed significant differences for the glucosyltransferase-B between the T major and control groups, 
which was also true for ferritin, as demonstrated in Table 2. 

Correlation between parameters in T major and control groups 

Lactoferrin and glucosyltransferase display a strong positive correlation in both the T major (r = 0.429, p = 
0.018) and control groups (r = 0.411, p = 0.024), as shown in the Tables (3,4). However, the groups exhibit 
variations in other correlations. Further, transferrin and glucosyltransferase show a substantial negative 
connection (r = -0.427; p = 0.019) in the control group, which is absent in the T major group. However, no 
significant correlations were identified between the other markers tested in both groups. Both groups reveal 
a noticeable link between lactoferrin and glucosyltransferase but, the control group displays deeper 
correlations, especially between transferrin and glucosyltransferase. 

                         Table (3) Correlation among markers investigated in the T major group 

Parameters 
ng/mL   

Glucosyl- 
transferase 

Transferrin Lactoferrin 

Ferritin 
r -0.058 -0.008 0.027 
p 0.760 0.966 0.888 

Transferrin 
r -0.307     
p 0.099     

Lactoferrin 
r 0.429 -0.210   
p 0.018 0.265   

 

                      Table (4) Correlation among the markers  studied in the control group 
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DISCUSSION  

An examination of this study at present, indicated notable disparities in the glucosyltransferase and ferritin 
distributions, as both showed p-values of 0.000. These findings suggest that the concentration levels of these 
two biomarkers are significantly modified in thalassemia major patients, relative to the healthy controls. 

In the T major group the ferritin level, on  average, is much higher than that in the control group. This 
implies that the T major group has increased iron levels. It is a well-recognized fact that thalassemia major 
patients who receive regular blood transfusions as part of the anemia treatment end up with excessive iron 
in their bloodstream (20). As the severity of the iron overload escalates, the ferritin levels show a 
corresponding rise, indicating that the body has large quantities of stored iron. This is a highly accurate 
situation, unless proper iron chelation treatment is provided (21). The median quantity of GtfB in the 
control group is higher than that in the T major group compared to the ferritin, with a p-value of 0.000 
considered significant. The distribution of the GtfB enzyme is evident in several streptococcal species 
present in the oral cavity. It is recognized as an essential enzyme that contributes to the oral biofilm 
formation, including dental plaque. (22, 23). The current research corroborates the findings of Dwivedi et 
al. (2014), which indicated that  photodynamic antimicrobial therapy produces singlet oxygen which causes 
the speedy deterioration of the microbial cell components, including the DNA, consequently diminishing 
the expression of the gtfB gene (24). 

   The reduced GtfB-B  levels identified in this study may correlate with the modified physiological 
parameters in individuals affected with Beta Thalassemia. One possible explanation for this outcome is that 
the chronic anemia and recurrent blood transfusions associated with Beta Thalassemia may adversely affect 
the overall metabolic and enzymatic functions in the body, including those pertinent to dental health (25). 
Furthermore, Beta Thalassemia patients frequently contract infections and therefore need to undergo 
treatments and take antibiotics, which may help in reducing tooth decay and related germs (26).  Similarly, 
Al-Kazirragy (2010) reported that the glucan binding proteins exert a strong effect on biofilm formation by 
Streptococcus mutans, thus indicating that various systemic circumstances can differentially alter the 
analogous enzymes (27). Also, the lower median GtfB levels in the T major group could imply changes in 
the cellular or metabolic processes. This is most likely because of the ongoing inflammation and oxidative 
stress that accompany very high iron levels. According to previous studies iron-related oxidative stress may 
adversely affect glucosyltransferase activity, which is perhaps one reason for the lower levels in T major 
patients (28). Some studies reported that the presence of too much iron could alter the regular cellular 
processes like protein glycosylation. It is possible that too much iron could prevent the GtfB or other 
enzymes involved in glycosylation from working well, which could change the way the proteins are 
glycosylated (29). This finding could indicate that further study is needed to consider GtfB as a potential 
biomarker to assess the metabolic effects of iron overload in individuals with thalassemia. 

Parameters 
ng/mL   

Glucosyl -
transferase 

Transferrin Lactoferrin 

Ferritin 
r -0.199 0.071 -0.046 
p 0.291 0.709 0.807 

Transferrin 
r -0.427 

  
p 0.019 

  
Lactoferrin 

r 0.411 -0.312 
 

p 0.024 0.093 
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   The data obtained in the present study revealed no major modifications between the two groups for 
lactoferrin (p = 0.146) and transferrin (p = 0.271), as both parameters gave comparable median values in the 
T major and control groups. Lactoferrin is a glycoprotein that binds iron and participates in iron 
metabolism and the immune system (30). Transferrin is a protein that binds to iron and facilitates the 
movement of iron through the body (31, 32). The absence of substantial differences in these two markers 
indicates that despite iron dysregulation being a notable characteristic of thalassemia major, the regulatory 
mechanisms for lactoferrin and transferrin may not be as significantly affected by the condition, at least not 
to the degree observed with ferritin and glucosyltransferase. This discovery may imply that lactoferrin and 
transferrin are influenced by a broader range of physiological mechanisms, including inflammation and 
iron requirements, rather than exclusively by excess iron (33). 

The correlation analysis of biochemical indicators in the T major and control groups reveals notable 
relationship patterns, highlighting both common patterns and substantial variances between the groups. 
Both groups display an important positive correlation between lactoferrin and GtfB. This finding suggests 
that, in both groups, lactoferrin, an iron-binding glycoprotein possessing antimicrobial functions (34), is 
intimately linked to GtfB, an enzyme that participates in the glycosylation processes (35). The uniformity of 
this beneficial correlation between the groups may be indicative of a shared biological mechanism 
connecting these two proteins, most likely related to iron metabolism, immunological response, or cellular 
stress responses. The notable link indicates that any rise in the lactoferrin levels corresponds to elevated 
GtfB levels, potentially reflecting the adaptive response of the  body to preserve homeostasis under 
conditions of iron modifications (36). Significant variations arise when alternative correlations are 
examined.  

   In the control group, a negative association is evident between the transferrin and GtfB, which is not 
observed in the T major group. This indicates that in healthy individuals, elevated transferrin levels may 
correlate with reduced GtfB activity, perhaps caused by iron-dependent control. The absence of this link in 
T major may be indicative of iron overload (21), wherein transferrin is saturated with iron, thus affecting 
the normal regulatory processes. The principal function of transferrin is to sequester iron, a vital resource 
for both the host and pathogenic microorganisms (37). High transferrin activity in the control group may 
decrease the availability of free iron by binding to it, thus potentially inhibiting bacterial growth. This may 
affect the function of the bacterial enzymes, such as the glucosyltransferases, which could be dependent on 
iron availability or integral to those bacterial metabolic pathways that require iron. Furthermore, the 
control group shows a non-significant negative association between lactoferrin and transferrin, a link 
completely absent in the T major group. While lactoferrin and transferrin sequester iron (38), lactoferrin 
further plays a crucial role in immunological response and microbial growth regulation (39).  

   The negative correlation observed in the control group may point to a compensating mechanism, in 
which elevated lactoferrin levels coincide with diminished transferrin levels, caused by either the modified 
iron requirements or immunological responses in healthy subjects. This interaction may be reduced in the 
T major group, where the excess iron  possibly saturates the transferrin, lowering its ability to bind and 
transport the iron (40). Considering their distinct physiological environments, transferrin in the 
bloodstream and lactoferrin in the tissues possibly do not have a direct or positive interaction, particularly 
under  circumstances of iron overload, as in the case of β-thalassemia (41). Another reason could be the fact 
that in people with β-thalassemia, the variations in iron overload, transferrin, and lactoferrin can vary and 
thus hide a clear link between them; some patients may have higher transferrin levels or lower lactoferrin 
levels because they are either at different stages of iron overload or because of their differences in 
inflammation or immune reactions. Therefore, the link between lactoferrin and transferrin might not be 
apparent in T major, due to the impairment of iron transport caused by transferrin saturation (42). 
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CONCLUSION  

This study investigates some important biomarkers in thalassemia major (T major) individuals with a focus 
on ferritin, glucosyltransferase, lactoferrin, and transferrin. In the T major patients, high ferritin levels 
indicate the presence of too much iron in the body, while low glucosyltransferase levels show alterations in 
the metabolic processes, due to long-term reactive stress. No significant variations were evident between the 
T major and control groups in the lactoferrin or transferrin levels. This suggests that these proteins may be 
affected by more than just iron dysregulation in the body. Regular patterns were observed in the 
correlations between the lactoferrin and glucosyltransferase, which imply a shared regulatory mechanism. 
However, the differences noted in other correlations imply that iron overload affects the regulatory 
processes in T major. The results clarify the biochemical changes in T major and indicate the need for more 
study to fully comprehend the effects of iron dysregulation and its repercussions in therapeutic approaches. 
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