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Abstract

Introduction Thymidine phosphorylase (TP) is known to be correlated with the pathogenesis of solid tumors.
IL-6 is overexpressed in osteosarcoma, and data exist showing that high concentrations of IL-6 are linked
to a poor prognosis.

The aim of this study is to investigate the diagnostic role of thymidine phosphorylase and IL-6
in the pathogenesis and progression in patients with osteosarcoma.

Materials and methods Thirty patients diagnosed with osteosarcoma (with age ranging between 15-44 years)
were included in the current study. Those patients were distributed as 6, 15, 5 and 4 subjects for stages Al,
BI, II and III respectively.

Results Statistical analysis pointed out that IL-6 tends to be increased patients in stage III (3.89 + 0.34 ng/ml)
compared to stage Al, BI and II: 1.48 £0.22 ng/ml, 1.55 = 0.24 ng/ml and 2.45 * 0.45 ng/ml respectively.
Regarding thymidine phosphorylase, the current study also found that it tends be increased patients in stage III
8.3 +0.33 ng/ml comparing to stage Al, BI and II: 7.2 £ 0.92 ng/ml, 6.82 = 1.14 ng/ml and 7.8 # 0.22 ng/ml,
respectively. The area under the curve (AUC) for thymidine phosphorylase was 0.87, with high significant
difference p < 0.001, at a cut-off point 2.44, while the sensitivity and specificity ratios were 0.85, and 0.71
respectively. Regarding IL-6, the area under the curve (AUC) was 0.75, with significant difference p < 0.038,
at a cut-off point 6.32, while the sensitivity and specificity ratios were 0.81, and 0.69 respectively.
These biomarkers can also be used in the diagnosis and progression of osteosarcoma.

Discussion High levels of TP are expressions of tumor aggressiveness and poor prognostic factors. Some
separate studies focus on TP expression at different osteosarcoma stages but their numbers are few, arguing
that there is a gap in the current available literature. TP more recently has attracted significant attention
for its involvement in cancer biology, especially with regard to its influence on disease pathogenesis and
prognosis, according to available studies, TP plays a major part in the development of most malignant diseases,
and particularly bone-related malignancies. It has been observed that TP promotes angiogenesis, is expressed
in tumor-associated macrophages within the tumor stroma. TP expression has been studied in different types
of cancer as a predictive body. New prognostic models for patients with bone cancer can be developed based
on literature data.

Conclusion It is suggested that thymidine phosphate activity and IL-6 have a significant high diagnostic
power in the diagnosis and progression of osteosarcoma.
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AnHoOTanus

BBegenne. Tumuanadochopmiaza (TP) Koppeanpyer ¢ MaToreHe30M COMMUIHBIX OITyxojieit. UHTepeiikuH-6
(WI-6) nMeeT MOBBIIMIEHHYIO SKCIIPECCUIO TPU OCTeocapKome. Boicokme KoHLeHTpauum UJI-6 naroT 0OCHOBa-
HMe IIpeAIoaraTh MJI0X0i MPOrHO3 U arpecCUBHbIN XapaKTep OITyXOJIn.

Ilenp paGoThl — M3ydyeHUe OuarHocTuueckoil pomu TO u WJI-6 B maToreHe3e UM IPOTPECCUPOBAHUU
OCTE0CapKOMBI.

Marepuainsl M1 MeTOAbI. B TekyIiee mccaenoBaHmue BKaOUeHbl 30 NalMeHTOB ¢ AMarHo30M OCTeocapkoMa B
Bo3pacre OT 15 1o 44 ner. ITanyeHThl pacapenenens mo cragusam Al (n = 6), BI (n=15),I1 (n = 5) u III (n = 4).

PesynbraThl. CTaTUCTUUYECKUIT aHaAU3 Tokasaa, yTo WJI-6 MmeeT TEHOEHIIMI0 K MOBBIINIEHNIO Yy Maliu-
eHtoB Ha craguu III, (3,89 * 0,34) Hr/mi, 1m0 cpaBHeHMIO co cramgusmu Al, BI u II: (1,48 +0,22) Hr/™mi,
(1,55 £ 0,24) ur/mna u (2,45 * 0,45) ur/mia. Uto kacaetcs T®, gaHHOe MCCAef0BaHMeE TaKKe ITO0Ka3ajI0, YTO OHA
MMeeT TeHIEeHIMIO K ITOBBIIIEHNIO Y IalyeHToB Ha ctaguu 111, (8,3 £ 0,33) Hr/mJ1, IO CpaBHEHMIO CO CTAAMUSIMU
Al BI n1II: (7,2 £ 0,92) ur/mun, (6,82 * 1,14) ur/mn u (7,8 * 0,22) Hr/mMJ COOTBETCTBEHHO. [I101IaAb 1og, KpuBO
(AUC) st T® cocrasmia 0,87 ¢ BbICOKOM 3HaUMMOM pasuute p < 0,001 npu Touke oTceuenus 2,44, B TO Bpe-
MsI KaK KO3 UIMeHTbl UyBCTBUTEIbHOCTU U crienyduaHocTu coctaBuan 0,85 u 0,71. Yto kacaetcst UJI-6,
momanp mop kpusoit (AUC) coctaBuia 0,75, co 3HaUMTeIbHOM pasHuileii p < 0,038, mpu TOUKe OTCEUEHUS
6,32, B TO BpeMs KaK K03 UIMEeHTbI YyBCTBUTEILHOCTY U crieriuduanocty coctaBuan 0,81 u 0,69 cooTBeT-
CTBEHHO. TU 6Mi0MapKepbl TAKKE MOXKHO MCII0Ib30BaTh B AMAarHOCTUKE U ITPOrPECCUPOBAHIU OCTEOCAPKOMBI.

OGcyxaeHue. Boicokuit ypoBeHb TD ABJIIeTCS TTOKa3aTeIeM arpecCMBHOCTHM OITYXOJIU U TVIOXMM ITPOTHOCTH -
yeckuM pakropom. OThenbHble UCCAeL0BaHMS MTOCBSIeHbI aKcIpeccuy T Ha pasHbBIX CTAAMUSIX OCTeOCapKo-
MbI, HO MX YM(JIO HeBelnuKo. B nocnenHee Bpemst TO npuBiekaeT 3HaUUTeNbHOE BHMMaHNe CBOMM y4acTHeM
B Omosornm paka, 0cO6eHHO CBOMM BJIMSIHMEM Ha TIaTOreHe3 U MPOTrHO3 3abosneBaHus. COMIacHO MCCIeno-
BaHMSIM, T® urpaeT BaykKHYI0 POJIb B Pa3BUTUM GOBIIMHCTBA 37I0KAUeCTBEHHbIX 3a00/IeBaHNi, 1 0COOEHHO
3JI0KaYeCTBEHHBIX HOBOOOpa3oBaHMil KocTeil. T crrocob6CTBYET aHTMOTEeHE3Y, SKCIIPECCUPYS B OITyXOJIb-ac-
COLMMPOBAHHBIX Makpodarax B CTpoMe OMmyxonu. dkcrapeccus TO usyueHa mMpu pasanMyHbIX TUIIAX paka B
KauecTBe MPOrHOCTUYECKOTO ¢dakropa. Ha OCHOBe JaHHBIX JIMTEPATYPhl MOTYT OBITh Pa3pabOTaHbl HOBbIE
IIPOTHOCTMYECKNE MOZENN JJ151 allieHTOB C pakKOM KOCTeIA.

3akmroueHre. AKTUBHOCTb T® u WJI-6 meeT 3HaUMUTEIbHYIO IMAaTrHOCTUYECKYIO IIEHHOCTb [P IIPOTpeccu-
POBaHUM OCTEOCAPKOMBI.
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INTRODUCTION

Osteosarcoma (0OS), the most common primary bone malignancy, has a worldwide annual incidence
of 3.4 per million population. The main pathophysiological mechanism includes multiple possible genetic
drivers of the disorder associated with bone formation, leading to a progressive and metastatic malignant
transformation. Although significant steps have been made towards the prognosis of patients with localized
forms having the event-free survival rate above 60 % it generally remains grim in cases of those with
metastatic versions and stays below 30 % [1]. The pathogenesis of osteosarcoma is polygenic and compiles
genetic, molecular, and cellular aspects. While these sources do not straightly talk about osteosarcoma,
knowledge of cancer genetics from other cancers can help direct views, including the genetic foundation
for myeloproliferative neoplasms commented on by W.Vainchenker et R.Kralovics to the landscape
of osteosarcoma at the molecular level [2]. Mutation of specific genes acting as tumor suppressors,
for instance tumor protein p53 (TP53) and retinoblastoma 1 (RB1), defines most of the tumorigenic
pathways in osteosarcoma. Experience has also shown that two to three driver gene mutations can transform
osteoblasts to become osteosarcomas. This event likely follows loss of the p53 and Rb pathways based
on what transformation has been shown to use across tumor types. Loss of differentiation may help explain
why normal differentiation is blocked and sarcomas have primitive-appearing cells. The findings here are
consistent with the strong genetic evidence indicative of the critical role of TP53 as a major tumor suppressor
gene in human tumorigenesis and sarcoma genesis specifically [2]. Osteosarcoma is the third most common
cancer in adolescence, after lymphomas and brain tumors, with an annual incidence of 5.6 cases per million
children below 15 years of age. Osteosarcoma incidence is bimodal, peaking at 18 and 60 years of age, and is
slightly more common in males. Peak incidence is in the second decade of life. Before the age of five, OS is rare.
OS arises sporadically, with few cases related to known inherited defects in cell cycle regulation, but about
70 % of tumor specimens show a chromosomal abnormality. Some key mutated genes drive the initiation
and progression of osteosarcoma [3]. Thymidine phosphorylase (TP) is a rather interesting enzyme that
performs functions in nucleosides metabolism that executes salvage of pyrimidine with its functional activities
in the pathway. First described in 1953, stimulated by TP is the reversible bioconversion of thymidine (TdR)
into thymine and 2-deoxy-o-D-ribose-1-phosphate (dRib-1-P), as well as deoxy uridine phosphorolysis into
uracil and 2-deoxy-a-D-ribose-1-phosphate. However, this reaction is reversible; TP's major function is
catabolic. There are two different names for one molecule: angiogenic factor platelet-derived endothelial-cell
growth (PD-ECGF) and TP. That metabolic role aside, TP plays an essential role in angiogenesis. The reaction
is catalyzed by TP expressed as: TdR + H,0 «> thymine + 2-deoxy-o-D-ribose [4, 5]. The reversible nature
of the reaction has arisen some debate as to the reality of TP catalyzing that reaction to any appreciable extent,
such a view seems to dismiss a good body of consistent evidence, which is becoming available, that supports
a catalytic function for this enzyme in pyrimidine degradation both in vitro and in vivo within the large majority
of cells that TP is the primarily source of this activity [6—7]. Furthermore, several human cancers overexpress
TP. The human TP gene is located on chromosome 22q13. TP is a dimer protein composed of two identical
subunits non-covalently associated with a dimeric molecular mass of 51 kD [8]. Thymidine phosphorylase
(TP) levels are expressed in some epithelial, glial cells, macrophages, and stromal cells. It is manifested
in the nucleus. Here it regulates the supply of pyrimidine nucleosides that are necessary for DNA synthesis as
well as in the cytoplasm, where it exhibits enzymatic activities [9]. IL-6 is a pleiotropic cytokine, synthesizing
from various cells, including endothelial cells, keratinocytes, fibroblasts, and tumor cells; it is considered as
the most important cytokine responsible for induction of events-ranging over many biological processes.
IL-6 is a key inflammatory mediator implicated in the procession and advancement of osteosarcoma. IL-6
binds with a receptor complex having a-gp80 (or IL-6R) and then further association with gp 130 [10]. IL-6
exerts inflammatory responses and has been impugned in the pathogenesis of a variety of cancers. High levels
of this cytokine within the tumor microenvironment are also well documented to underlie the poor prognosis
and aggressive nature of the tumor; D.T. Fisher et al., in 2014, focus their assertions that IL-6 may have
paradoxical effects within the tumor microenvironment, dichotomously acting not only as a growth promoter
but also as an apoptosis inhibitor. This duality perfectly underscores the complexity surrounding attempts
to target this cytokine in cancer therapy [11]. In 2016, T. Tanaka et al. expound on how IL-6 contributes
to inflammation-driven carcinogenesis, a process that takes place in colorectal cancer as basic mechanisms
work similarly in osteosarcoma. This leads to expression in the tumors’ proximity of factors like IL-6 that
further enhance chronic signaling through pathways like JAK/STAT to advance and support tumorigenetic
processes [12].

The aim of this study is to find out the diagnostic role of thymidine phosphorylase and IL-6 in the pathogenesis
and stages progression in patients with osteosarcoma.
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MATERIAL AND METHODS
Patients and data collection

A prospective study was performed at Al-Forat Al-Awsat Oncology Center in Najaf and Oncology Center
in Baghdad/Iraq in the period from September 2023 to June 2024. Thirty patients diagnosed as having
osteosarcoma, aged between 15-44 years were included in the present study. The general information
(age, gender, and stage) was collected from the records of the patients in the Oncology Center. An amount
of 5 milliliters venous blood samples were collected. The blood samples were allowed to coagulate in the gel
tube at room temperature for 20 minutes. After coagulation, the samples were centrifuged at 2000xg
for 20 min to obtain the serum, which was stored at (-20 °C) until assayed. IL-6 and thymidine phosphorylase
were estimated in the serum by ELISA kit (My BioSource, USA) for serum thymidine phosphorylase and
IL-6 determination. The Enneking system for staging classifies according to grade (I or II), intra- or extra-
compartmental location (A or B), and the presence of metastases (III). So, stage IA is a low-grade intra-cortical
tumor, IB is a low-grade extra-cortical tumor, ITA is a high-grade intra-cortical tumor, and IIB is a high-grade
extra-cortical tumor. Metastatic disease instantly catapults to III stage [3].

Statistical Analysis

The SPSS software version 25.0 (SPSS, Chicago) was used for all the appropriate statistical analyses,
the normality test which was used to test who want to continuous data for Shapiro Wilk test. All normally
distributed data are acted as mean * standard deviation. ANOVA test was used to find out the statistical
difference in TP and I1-6 with patients' groups classified by tumor stages. The receiver operating characteristic
curve (ROC) was used to test the predictive value of thymidine phosphorylase and IL-6 in predicting relapse
among osteosarcoma patients. A p-value less than .05 was considered to indicate a statistically significant
difference.

RESULTS

Table 1

Statistical distribution (frequency and percentage)
of patients by their general characteristics

Patients who participated in the current study
have a wide range of age (15-44 years) with a mean
of (26.25 *+ 6.22) years; the majority of them (43.33 %)

within the interval (15-24) years, while those within Patients N = 30
(24-34) years constitute (40 %) of the sample. It Items Sub-group Freq %
seems that osteosarcoma is more common in male 504 13' 43.33
(60 %) compared to female (40 %). The distribution .
of patients according to the stage of osteosarcoma was Age 25-34 12 40
as follows 6, 15, 5 and 4 individuals for stages Al, BI, II 35-44 10 33.33
and III respectively (Table 1). Mean * SD 26.25 + 6.22

Dataregarding thymidine phosphorylase and IL-6 were Sex Malei 18 60
found to follow normal distribution. Accordingly, these Female 12 40
data were expressed as mean and standard deviation. Al 6 20
The statistical analysis pointed out that thymidine Stage Bl 15 50
phosphorylase tends to be increased in patients 11 5 16.67
in stage III (3.89 *0.34 ng/ml) compared to stage 111 4 13.33

Al BI and II: (1.48 +0.22 ng/ml), (1.55 *0.24 ng/ml)

and (2.45 £ 0.45 ng/ml) respectively (Fig. 1). Regarding IL-6, the current study also found that IL-6 tends
to be increased in patients in stage III (8.3 = 0.33 ng/ml) compared to stage Al, BI and II: (7.2 + 0.92 ng/ml),
(6.82 £ 1.14 ng/ml) and (7.8 £ 0.22 ng/ml) respectively (Fig. 2).

wexx (P < 0,0001) « (P<0.036)

Thymidine Phosphate (ng/ml)
IL-6 (nglL)

Al BI ] 1] Al Bl I m
Stages Stages

Fig. 1.Differences in serum thymidine phosphorylase
in different stages of osteosarcoma

Fig. 2. Differences in serum IL-6 in different stages
of osteosarcoma
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The receiver-operating characteristic (ROC) curve analysis of thymidine phosphorylase and IL-6 was
used in predicting relapse in patients with osteosarcoma. The area under the curve (AUC) for thymidine
phosphorylase was 0.87, with high significant difference p < 0.001, at a cut-off point 2.44, while the sensitivity
and specificity ratios were 0.85, and 0.71 respectively. Regarding IL-6, the area under the curve (AUC) was
0.75, with significant difference p < 0.038, at a cut-off point 6.32, while the sensitivity and specificity ratios
were 0.81 and 0.69 respectively, as shown in Table 2 and Fig. 3.

Table 2
The areas under the curve (AUC), sensitivity and specificity of the biomarkers for the diagnosis of osteosarcoma
Biomarkers (AUC) Sig. p-value Cut-off Point Sensitivity (%) Specificity (%)
TP 0.87 0.01 2.44 0.84 0.71
IL-6 0.75 0.038 6.32 0.81 0.69
TP: Thymidine phosphorylase; AUC: Area Under the Curve
ROC Curve ROC Curve
10 10
0.8+ 081
2 061 2 061
z 5
% 3
& 044 a 04
024 024
00 T T T T 00 T T T T
00 02 04 06 08 10 00 02 04 06 08 10
1 - Specificity 1 - Specificity
Thymidine Phosphate a IL-6 b

Fig. 3. Diagonal segment of the Receiver operating characteristic (ROC) curve for (a) thymidine phosphorylase
and (b) IL-6 in for the diagnosis of osteosarcoma

DISCUSSION

Thymidine phosphorylase activity in 30 cases of osteosarcoma was analyzed by ELISA, including (6 cases
at Stage Al, 15 at Stage BI, 5 at Stage II, 4 at Stage III). Thymidine phosphorylase is upregulated in a broad set
of solid tumors and enhances progression of tumor via anti-apoptotic activity. High levels of TP are expressions
of tumor aggressiveness and poor prognostic factors. The presence of high intracellular levels of this enzyme
indicates increased chemosensitivity to pyrimidine antimetabolites [13-14]. This study exhibited that
thymidine phosphorylase is present in high concentration in patients with higher stages of osteosarcoma.
Although some separate studies focus on TP expression at different osteosarcoma stages, their numbers are
few, arguing that there is a gap in the current available literature. Thymidine phosphorylase is an enzyme
that acts in thymidine metabolism and more recently has attracted significant attention for its involvement
in cancer biology, especially with regard to its influence on disease pathogenesis and prognosis [15]. Indeed,
according to available studies, TYMP plays a major part in the development of most malignant diseases,
and particularly bone-related malignancies [16]. Thymidine phosphorylase significantly promotes bone
lesion formation by inhibiting osteoblast activity and stimulating osteoclast activity. This reaction models
TYMP as a facilitator of myeloma-induced bone lesions and thus argues for its potential contribution to other
inflammatory events accompanying bone cancer [16]. The other striking feature is TYMP's contribution
to angiogenesis. It has been observed that TYMP, it promotes angiogenesis, is expressed in tumor-associated
macrophages within the tumor stroma. This correlation between TYMP expression, angiogenesis, and poor
prognosis underscores its potential as a key player in the tumor microenvironment: influencing both tumor
growth and metastasis [17]. TYMP expression has been studied in different types of cancer as a predictive
body. Thus, TYMP expression was found to be higher with a high systemic immune-inflammation index,
suggesting that TYMP levels are related to patient outcomes [18]. This relationship is especially significant
in the sensitivity of TYMP as a biomarker to postoperative patients with gastric cancer, which means that it
has the potential to be developed as a clinical prognostic biomarker. The expression in tumor tissues with high
SII values was much higher compared with those with low SII values, indicating their association with poor
prognostic factors in various cancers other than bone cancer [19]. ].F. Xu et al. successfully isolated exosomes
related to chemotherapy responses in osteosarcoma containing differentially expressed microRNA and mRNA.
Inview of this trend, highly increased TYMP may indicate a more aggressive tumor phenotype and subsequently
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become a prospective aim for therapeutic intervention [20]. The present study highlighted that IL-6 is found
in high concentration in patients with higher stages of osteosarcoma. Specific research on IL-6 in osteosarcoma
is scanty, though several inferences can be made from those done in other malignancies. Increased levels
of IL-6 have been documented in several inflammatory conditions as observations by P. Conti et al. (2020),
who reported a significant increase of IL-6 in patients critically ill. In line with this, the author observed that
proinflammatory cytokines like IL-6 could contribute to an immunosuppressive tumor microenvironment —
a situation not suitable for effective anti-tumor immunity [21]. This association provided further insights
into the role of IL-6 as a mediator of systemic inflammatory responses in disease severity, as might be
relevant with osteosarcoma. There is accumulating evidence that IL-6 plays an essential role in regulating
immune responses in cancer [22]. Data by A. Mazzoni et al. (2020) show the defect of immune cell cytotoxicity
in severe COVID-19 patients that depends on IL-6. Secretion of such high levels of IL-6 would, therefore, skew
the immune response to a more tolerogenic state. This leads to questioning whether analogously it could do
so in immunotherapeutically treated osteosarcoma patients by providing room for immune response, thus
lowering effectiveness of the strategy [23]. On the one hand, IL-6 is one of the pleiotropic cytokines that are
surely critical in many physiological processes and simultaneously steers pathogenetic processes, especially
inflammation and cancer. CAF-derived IL-6 is indeed strongly pro-tumorigenic and contributes significantly
to stroma-dense growth in several cancer entities, including pancreatic ductal adenocarcinoma. Reports show
recurring interplay between IL-6 and CAFs to create a pro-tumorigenic environment that supports further
tumor growth and metastasis [24]. In line with this, it seems that IL-6 is not just a byproduct of the disease
but takes on the form of an active player in the tumor microenvironment that per se influences the behavior
of malignant cells. Through this, dysregulated IL-6 signaling in bone cancer may result in increased tumor
growth and, therefore, increased survival [25]. The prolonged activation of the STAT3 pathway, which is driven
by IL-6, has been implicative of cancer progression and chronic inflammatory diseases. This persistent STAT3
activation underscores, directly, the importance of IL-6 maintaining an inflammatory state that is conducive
to cancer development. One of the critical prognostic values of IL-6 in cancer is its well-known relationship
to poor prognosis and the growth of many tumors, such as prostate, which leads to a negative correlation with
regards to survivals and responses to chemotherapy [26-27]. The negative correlation of IL-6 might make
it a good biomarker for the progression of the disease, which in turn would give clues about the likelihood
of response to treatment and general outcome in patients. In this regard, whether similar relationships exist
between IL-6 levels and clinical outcomes in bone cancer will underpin further attempts. IL-6, by promoting
cancer cell growth and blocking apoptosis, seems to be essential for the switch from tumor types to more
aggressive phenotypes [27]. New prognostic models for bone cancer patients could be developed based
on that information.

CONCLUSION

It is suggested that thymidine phosphorylase activity and IL-6 have a significant high diagnostic power
in the diagnosis and progression of osteosarcoma.
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