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Abstract

:

The aim of our study was to correlate systemic bone loss by evaluating human Dickkopf-related protein 1 (Dkk-1) biomarker compared to horizontal bone loss as well as the presence and size of periapical lesions assessed by dental X-ray (ortopantomography—OPT) and cone beam computed tomography (CBCT) in patients with cancer in the ears, nose and throat (ENT) region vs. healthy controls. The study included 63 subjects divided into a study group of 33 cancer patients with ENT cancer (larynx/oropharynx/sinuses) and a control group of 30 healthy individuals. Blood samples were collected from both groups to assess Dkk-1 level using a sandwich enzyme immunoassay. The dental radiological examination consisted of a panoramic X-ray and a CBCT in order to appraise the horizontal bone loss, the presence and size of the periapical lesions in 2D vs. 3D images. The panoramic X-ray showed that in the control group, the maximum bone loss reached 13.2 mm, with an average of 4.930 ± 3.258 mm, while in the study group, the maximum horizontal bone loss was 11.3 mm, with an average of 5.191 ± 2.109 mm. The CBCT 3D investigation, when compared to the OPT, showed increased values for horizontal bone loss, both in the control group and in the study group; in the control group, the maximum bone loss reached 14.10 mm, with an average of 5.736 ± 3.471 mm, and in the study group, the maximum value was 12.40 mm, and the average was again slightly higher (6.152 ± 2.519 mm). The mean value for Dkk-1 in cancer patients was 1.209 ± 0.110 ng/mL, significantly lower than the value observed in healthy patients (1.712 ± 0.100 ng/mL). CBCT revealed higher values for the investigated parameters when compared to panoramic X-rays. Taking into account the preliminary nature of our study, we observed a significant correlation between the level of bone loss recorded by the Dkk-1 biomarker and radiological dental examination in patients with ENT cancer when compared to the control group.
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1. Introduction


The incidence of cancer is increasing year by year. There is a need in the scientific community for early detection methods because by the time a clinical diagnosis is made, for the majority of patients, it is in a late stage, and thus the mortality rate is high. Research on markers related to prognosis of tumours is also increasing [1,2,3].



Human Dickkopf-related protein 1 (Dkk-1), composed of 266 amino acids, has a predicted molecular weight of 25.8 kDa, being a secretory protein from the Dickkopf gene family that comprises five evolutionarily conservative members [4]. Dkk-1 is a secretory antagonist of the classical Wnt signalling pathway. Dkk-1 was found to be abnormally expressed in tumour cells, inhibit cell proliferation and induce apoptosis through proapoptotic factors [5]. However, due to the differences in the tumour environment and the complex regulatory mechanisms in different tumours, Dkk-1 expresses differently in various types of tumours, such as lung, gastric, colorectal, pancreatic, bladder urothelial, breast, ovarian and cervical cancer, multiple myeloma, hepatocellular, oesophageal and oral squamous cell carcinoma [3,6,7,8]. Most of the reported studies point out that Dkk-1 plays a complex and different role in tumour occurrence, development and metastasis stimulation of various types of cancers or it is related to the late stage, all through a variety of complex regulatory mechanisms. More and more evidence has shown that Dkk-1 may not only be a useful biomarker of metastasis, but also a biological marker with the potential to evaluate tumour diagnosis and prognosis [6].



In oral-cavity-related diseases and conditions, Dkk-1 suppresses osteoblast differentiation but increases the expression of the osteoclast differentiation factor receptor activator of nuclear factor kappa B ligand (RANKL) and decreases the expression of osteoprotegerin (OPG), which induces osteoclastogenesis [9,10,11]. Dkk-1 is a key regulator of bone remodelling in physiological and pathological conditions, and blocking this factor may stimulate osteoblastogenesis and inhibit osteoclastogenesis [12,13,14]. Dkk-1 upregulation is associated with alveolar bone loss in humans with periodontal disease [15], but its inhibition is also related to the TNF-α inhibitor and an interleukin (IL)-1 receptor antagonist treatment in rheumatoid arthritis patients [16,17,18,19]. Therefore, a change in the level of Dkk-1 may serve as a biomarker of disease activity and bone erosion [20].



The above-mentioned OPG/ligand system, which is involved in osteoclast differentiation and activation, along with the Wnt pathway, also implicated in the regulation of bone homeostasis, can be considered the key routes regulating bone loss in several bone disorders, including osteoporosis, rheumatoid arthritis and periodontitis [21].



Periodontitis is chronic inflammation of the supportive apparatus of the tooth, and it is characterized by progressive loss of alveolar bone [22,23,24]. The defence mechanisms of the periodontal tissues lead to the initiation and progression of the inflammatory cascade that leads to bone resorption, which appears as radiolucency on radiographs around the root [25,26,27,28]. Apical periodontitis caused by endo-periodontal lesions can be symptomatic or asymptomatic and is generally observed through incidental findings during routine radiographic examinations using an orthopantomography (OPT) [29,30]. Although useful as a preliminary paraclinical examination, these techniques have significant limitations because of the inherent two-dimensional imaging of three-dimensional structures. In order to solve this drawback, cone beam computed tomography (CBCT) was developed [31]. Even though it offers superior clarity and details, due to the increased radiation exposure, the routine use of CBCT imaging in dental practices is not justified [31].



It is well-known that the immune response induced by periodontal disease is associated with an increase in inflammatory markers that are found in common chronic systemic diseases, for example, diabetes [32,33]. In a recent clinical study, the levels of oxidative stress in patients suffering from both diabetes and periodontal disease were assessed, and the results recommend these as an adjunctive marker of risk for the occurrence of complications in diabetic patients presenting periodontal disease [34]. Therefore, the authors demonstrated the relationship between diabetes and periodontal disease, a debated subject in the literature.



Additionally, there are numerous cross sectional and longitudinal studies that debate the association of periodontal disease and cancer risk; most suggest a positive association with overall cancer risk and certain specific types of cancer [35,36]. Regarding head and neck cancer, research evidence from recent years indicates that periodontal disease is linked to an increased risk of this type of cancer [36]. Clinical periodontal measures and/or proxy measures of periodontal disease have been used in evaluating its associations with head and neck cancers [36], with none evaluating the Dkk-1 biomarker. Therefore, there are insufficient data in the literature regarding bone loss caused by endo-periodontal lesions and the correlation with Dkk-1 values in healthy and oncologic patients.



In this context, the aim of our study was to correlate systemic bone loss by evaluating the Dkk-1 biomarker compared to horizontal bone loss as well as the presence and size of periapical lesions assessed by dental X-ray (OPT) and CBCT in patients with cancer in the ENT region vs. healthy controls.




2. Materials and Methods


2.1. Subjects


Thirty-three patients diagnosed with head and neck cancer by an ENT specialist through clinical, histopathological and CT examination (study group) and thirty healthy individuals were selected from the population referred to the “Regional Institute of Oncology” Iasi and “Grigore T. Popa” University of Medicine and Pharmacy of Iasi, from 1 June 2021 to 30 November 2021.



Subjects who fulfilled the following described inclusion/exclusion criteria were invited to enter this case–control study. All eligible subjects were informed of the purpose of the study, potential risks and benefits of their participation in the study and signed the informed consent before the start of the study. The ethics committee of the “Grigore T. Popa” University of Medicine and Pharmacy of Iasi previously approved this study protocol (no. 85/26.05.2021).




2.2. Inclusion and Exclusion Criteria


The inclusion criteria for the study group (cancer patients) were: histopathologically and CT-confirmed ENT cancer, aged between 24 and 80 years, no metastases, no radio/chemotherapy in the past or present and previous and current dental pathology.



Exclusion criteria for the group of oncological patients were: healthy patients, no dental diseases, patients with metastases, aged under 24 years and over 80 years, with radio/chemotherapy in the past and present.



For the control group, the inclusion criteria were: absence of any type of cancer, aged between 24 and 80 years and previous and current dental pathology.



Exclusion criteria for the control group were: the presence of any form of cancer, the presence of other systemic pathologies, antibiotic intake in the last 3 months, pregnant or lactating women, aged under 24 years and over 80 years and lack of dental diseases.



An ENT physician, two radiologists and two endodontists examined both groups.




2.3. Clinical Examinations


Our study was based on the correlation of horizontal bone loss from the dental level, measured between the coronal landmark (CL) cement–enamel junction and alveolar crest (AC) and the bone level (BL); the presence and size of periapical lesions were both involved in confirming the presence of dento-periodontal lesions leading to bone loss by using radiological examination (orthopantomography and CBCT). We measured the periapical lesions using the biggest diameter of lesion in any direction, using Romexis 4.4.2. For horizontal bone loss, we took into consideration the biggest length between CL and BL in any dental quadrant.



OPT parameters: Romexis 4.4.2, 70–74 KV, 10–12.5 mA, 15–16 s.



CBCT parameters: 85–90 KV, 8–12.5 mA, 13.7–16 s.




2.4. Serum Sampling


Peripheral blood samples were also collected in appropriate tubes (Serum BD Vacutainer) on the same day of the clinical examination. Immediately after coagulation, the serum was separated from blood by centrifugation (10 min at 4500 rpm) and stored in aliquots in 0.5 mL Eppendorf tubes at −80 °C for subsequent enzyme-linked immunosorbent assay (ELISA) analysis. The tubes were marked with a specific ID depending on the batch they belonged to: control (M) or study (S).




2.5. ELISA


The level of DKK-1 (Lot no. E-16-023P04S01, BioVendor–Laboratorni medicina a.s, Brno, Czech Republic) in the serum was evaluated by ELISA assay according to the manufacturer’s recommendations. Briefly, 100 µL of standards, blank and samples were added into appropriate wells in duplicate and incubated at room temperature for 1 h with shaking. The plates were then washed 5 times (using an automated microplate washer, model Tecan—Hydroflex platform, Grödig, Austria), and 100 µL of biotin-labelled antibody was added to all wells. After 1 h at room temperature, the plates were washed again and incubated with 100 µL of streptavidin-HRP conjugate for 30 min. Subsequently, the plate was washed 5 times again, and 100 µL of substrate was added and incubated for 10 min at room temperature in the dark (aluminium foil). The reaction was stopped by the addition of 100 µL of stop solution. The colour was measured using a microplate reader at 450 nm with the reference wavelength set to 570 nm (Microplate Reader/Model Sunrise Basic Tecan, Grödig, Austria).



Results were calculated using the standard curve constructed by plotting the absorbance of standards against the known concentrations of standards (0.125–4 ng/mL) in logarithmic scale, using the four-parameter algorithm. The level of Dkk-1 was expressed as nanograms per millilitre of serum (ng/mL).




2.6. Statistical Analysis


The statistical analysis was conducted in SPSS 27.0 and Statistica 14.0. Continuous data were characterized by averages, standard deviations and standard errors, and categorical data were expressed as percentages. We performed univariate data analysis using the chi-square and Student’s t tests. All tests were 2-tailed; a p value ≤ 0.05 was considered statistically significant.





3. Results and Discussions


Table 1 presents the demographic characteristics of the study population for both groups. As observed, there was no significant difference in the mean age between groups (p > 0.05), but there was an unbalanced gender distribution in the study group.



The OPT investigation showed that in the control group, the maximum bone loss reached 13.2 mm, with an average of 4.930 ± 3.258 mm, while in the study group, the maximum horizontal bone loss was 11.3 mm, with an average of 5.191 ± 2.109 mm. The CBCT 3D investigation displayed increased values for horizontal bone loss, both in the control and in the study group; in controls, the maximum horizontal bone loss reached 14.10 mm, with an average of 5.736 ± 3.471, and in the study group, the maximum value was 12.40 mm, and the average was again slightly higher (6.152 ± 2.519) (Table 2) (Figure 1, Figure 2 and Figure 3).



When evaluating the OPT, the dimensions of the periapical lesions found in the control group varied between 0 and 5.00 mm vs. 0 and 6.00 mm in ENT cancer patients. The evaluation of CBCT 3D highlights the same phenomenon, but the magnitude of the periapical lesions found was higher, both in the control group and in the study group, namely, 7.60 mm for the group control and 10.81 mm for ENT cancer.



The comparative study of the measurements performed on CBCT 3D and OPT at the level of each of the two groups showed that the discrepancy between the two methods, both in terms of depth of lesions and in terms of the extent of horizontal bone loss, was statistically significant. The CBCT 3D investigation always revealed higher values for the investigated parameters than the OPT investigation. As such, CBCT allowed us to assess bone loss in relation to adjacent anatomical structures, which plays an important role in treatment, both periodontal and endodontic, as well as in the insertion of dental implants evaluated by paraxial CBCT cross sections. Coronal, sagittal and axial CBCT cross sections allowed us to evaluate the periapical lesions in a 3D format, which plays an important role in their treatment plan for preserving the teeth with this pathology, or otherwise, their extraction if there is such a recommendation.



As previously stated, one of the side effects of radiation therapy is osteoradionecrosis [37]. Extensive periapical lesions or severe periodontal disease are a favourable factor for the development of this pathology, which is why we performed an OPT and CBCT radiological examination to evaluate the size of the lesions in the 3D version and to select the teeth that could be preserved for conservative therapy and those that needed to be extracted to avoid osteoradionecrosis after radiotherapy. Muller et al. [14] observed that bone level gradually decreased with each decade, and from 50 years and older, the bone loss was even more pronounced, reaching a mean of about 1.8 mm at that age. Moreover, infrabony defects were more pronounced in the maxilla, especially at the molar level [14]. A study examined the differences in bone density before and after endodontic treatment in teeth with periapical lesions, and the authors concluded that the use of CBCT to measure bone density before and after endodontic treatment is recommended for teeth with periapical lesions [38].



Alternatively, in a recent study, Nardi et al. [39] revealed that periapical lesions can be detected with similar accuracy on OPT vs. CBCT except those that are less than 4.5 mm in size and those that are located in the upper and lower incisor areas. On the other hand, Antony et al. [40] observed that CBCT had higher accuracy in the detection of periapical lesions compared to periapical and panoramic radiography.



As stated in the Introduction, quantifying disease biomarkers is of great importance for early interventions to monitor disease progression or to evaluate treatment responses [41,42]. Moreover, one should not underestimate the importance of age as a modifier of disease progression and treatment [43]. Besides its role as a potential biomarker for cancer progression and prognosis, Dkk-1 can be also considered an efficacious treatment strategy for preventing cancer metastasis in oral squamous cell carcinoma and also can be a molecular marker for early detection of lymph node metastasis [2,3].



Regarding the comparative evaluations of the results obtained by the ELISA assay in the control patients compared to those with cancer, there were statistically significant differences. The mean value for Dkk-1 in cancer patients was 1.209 ± 0.110 ng/mL, significantly lower than the similar value observed in healthy patients of 1.712 ± 0.100 ng/mL (Figure 4). The obtained results could represent the different outcomes of both cancer and periodontal disease, since it is well-known that Dkk-1 is a critical secreted factor that modulates the microenvironment [44].



In terms of cancer, the strong duality of the role of Dkk-1 is remarkable [45]. In many tumours, Dkk-1 clearly acts only as an oncogene, but in others, it is found to have an anti-oncogenic role, depending on the setting complexity and/or the given tumour type.



It was reported that serum Dkk-1 in patients with osteonecrosis of the femoral head could be correlated with the severity of this pathology. Moreover, increased Dkk-1 expression was associated with bone cell apoptosis in patients with corticosteroid and alcohol intake and progression of osteonecrosis of the femoral head [46]. Researchers stated that the Dkk-1 expression level at clinical stage I in endometrial carcinoma was significantly greater than at other stages [47]. Hall et al. [48] also observed that Dkk-1 levels appeared faster in an early diagnosis of prostate cancer compared to the late stages with bone metastases, suggesting that Dkk-1 expression increases in early-stage cancer and is a necessary early event to support osteolysis.



As we well know, Dkk-1 has been associated with multiple myeloma and various types of cancers, including head and neck, lung, breast, liver and bone cancers [3,6]. Mazon et al. discovered that patients with acute infections showed dramatically high levels of Dkk-1 (6072 ± 518 pg/mL) in their blood compared to healthy blood donors (1726 ± 95 pg/mL) [4,49]. On the other hand, other researchers found higher Dkk-1 protein levels in myeloma cells from patients with bone lesions when compared to plasma cells from non-myeloma subjects or in plasma cells from patients who had myeloma without bone lesions [50].



A recent study observed that increased levels of serum Dkk-1 were noted in subjects with oesophageal adenocarcinoma, implying that this molecule has a crucial role in inflammation. Additionally, increased Dkk-1 values were associated with unfavourable five-year survival rates and the presence of circulating tumour cells [51]. The same authors noted that significantly lower levels were observed in subjects after neoadjuvant treatment, implying that Dkk-1 may act as a biomarker for treatment monitoring [51]. However, it is not always clear, since a plethora of examples for both sides may be found.



Coming back to the obtained results, a question is raised: could the decreased levels of Dkk-1 be bone-loss-protective when observed in low levels in the serum of cancer patients? The obtained low levels could be the effect of the cancer treatment and/or other chronic events in association with periodontal variables. Periodontal disease induces a number of oral environment modifications, and one must not minimize the role of the oral microbiome in the overall systemic ecological balance [52,53]. More studies are needed in order to suggest an association between bone markers such as the Dkk-1 and progression of radiological damage in ENT cancer subjects.



The limitations of our study consist of a small number of analyzed subjects, and a slight imbalance in the females-to-males ratio, which could affect the results. However, this is explained by the reduced compliance and willingness of cancer patients to participate in research due to the altered quality of life. Another limitation is the fact that we do not have the follow-up values that would show the variation in time of bone loss and Dkk-1 values according to treatment.




4. Conclusions


CBCT provides crucial information regarding the diagnosis and treatment plan for periapical lesions. The assessment of horizontal bone loss by CBCT was clearly superior to that of OPT. CBCT should not be performed routinely, but in accordance with the ALARA (as low as possible) principle. Taking into account the preliminary nature of our study, we observed a significant correlation between the level of bone loss recorded by the Dkk-1 biomarker and radiological dental examinations in patients with ENT cancer when compared to the control group.



Regarding the bone loss evaluated systemically by the biomarker Dkk-1, a statistically significant correlation was observed with dental bone loss in both analyzed groups of ENT cancer and systemically healthy patients.
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Figure 1. Orthopantomography of patient A.D., larynx cancer, 62 years old, assessment of horizontal bone loss (maximum 5.1 mm at tooth 46) and measurement of the size of periapical lesions present at tooth 23 is 3.6 mm. 
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Figure 2. Patient A.D., larynx cancer, 62 years old. (a) Frontal CBCT cross section of the periapical lesion in tooth 23 is 5.2 mm; (b) sagittal CBCT cross section of the periapical lesion in tooth 23 is 5.61 mm; (c) coronal CBCT cross section of the periapical lesion in tooth 23 is 3.2 mm; (d) 3D CBCT cross section of the periapical lesion in tooth 23. 
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Figure 3. OPT–CBCT of Patient A.D., assessment of horizontal bone loss (maximum 6.8 mm at tooth 46) and measurement of the size of periapical lesions present at 23 is 4.5 mm. 
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Figure 4. Dkk-1: comparative descriptive statistics in the control/test group. 
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Table 1. Demographic characteristics of the study population (mean ± SD = standard deviation).
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	Total

(n = 63)
	Control

(n = 30)
	ENT Cancer

(n = 33)
	p Value





	Gender: n (%)

	-

	
Male




	-

	
Female






	 

38 (60.3)

25 (39.7)
	 

15 (50.0)

15 (50.0)
	 

23 (69.7)

10 (30.3)
	0.110



	Age: m ± SD

	-

	
Total




	-

	
Male




	-

	
Female






	 

52.67 ± 12.241

52.84 ± 12.985

52.40 ± 11.269
	 

53.87 ± 10.760

54.93 ± 12.567

52.80 ± 8.914
	 

51.58 ± 13.521

51.48 ± 13.348

51.80 ± 14.642
	0.463



	Cancer type: n (%)

	-

	
Larynx




	-

	
Oropharynx




	-

	
Sinuses






	
	
	 

24 (72.7)

4 (12.1)

5 (15.2)
	



	Oral mucositis degree: n (%)

	-

	
III




	-

	
IV






	
	
	 

20 (60.6)

13 (39.4)
	



	Irradiation degree: n (%)

	-

	
66 Gy/33 fr




	-

	
70 Gy/35 fr






	
	
	 

13 (39.4)

20 (60.6)
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Table 2. Horizontal bone loss: comparative descriptive statistics in the control/ENT cancer group.
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Horizontal Bone Loss—Max Size

	
Group

	
Number

	
Mean

	
Standard Average Error

	
SD

	
Min

	
Max

	
Median

	
Student’s t Test






	
OPT

	
Control

	
30

	
4.930

	
0.594

	
3.258

	
0.0

	
13.2

	
4.60

	
t = −0.373




	
ENT Cancer

	
33

	
5.191

	
0.367

	
2.109

	
0.0

	
11.3

	
5.00

	
p = 0.711




	
Total

	
63

	
5.067

	
0.340

	
2.698

	
0.0

	
13.2

	
4.80

	




	
CBCT 3D

	
Control

	
30

	
5.736

	
0.633

	
3.471

	
0.0

	
14.10

	
5.75

	
t = −0.548




	
ENT Cancer

	
33

	
6.152

	
0.438

	
2.519

	
0.0

	
12.40

	
6.17

	
p = 0.586




	
Total

	
63

	
5.954

	
0.377

	
2.992

	
0.0

	
14.10

	
6.00
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