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Abstract

Background: Colorectal cancer (CRC) ranks among the top causes of cancer
mortality worldwide, yet early detection remains challenging. Although
carcinoembryonic antigen (CEA) is routinely used, the roles of adipocytokines such
as Asprosin (ASP) and Irisin (Ir) in CRC diagnosis and prognosis are not well
defined. Objective: This study aims to determine the diagnostic and prognostic value
of serum ASP and Ir levels in Iraqi CRC patients, with analyses stratified by gender,
body mass index (BMI), and age. Materials and Methods: In a nine-month case-
control study, 102 individuals (62 histologically confirmed CRC patients and 40
healthy volunteers) were recruited. Serum CEA was quantified by
electrochemiluminescence, while Asprosin and Irisin concentrations were measured
using ELISA. Statistical comparisons (unpaired #-test, ANOVA) and receiver-
operating characteristic (ROC) curve analyses were performed to evaluate the
biomarker's performance and correlation with BMI, gender, and age. Results:
Compared to controls, CRC patients exhibited significantly lower ASP (mean + SD:
1.85+0.45 vs. 2.32+0.50 pg/mL; P<0.001) and higher Ir levels (3.15+0.70 vs.
2.48+0.60 ng/mL; P<0.001). ASP positively correlated with BMI (r=0.42;
P=0.002) and was elevated in males and patients > 60 years. In contrast, Irisin
inversely correlated with BMI (r=-0.35; P=0.008) and was lower in patients
<50 years. ROC analysis yielded AUCs of 0.7801 for ASP (cut-off 2.098 pg/mL;
83.9% sensitivity and 60.0% specificity) and 0.7571 for Ir (cut-off 2.232 ng/mL;
72.2% sensitivity and 67.7% specificity). Conclusion: Serum ASP and Ir display
distinct expression patterns in CRC and demonstrate good diagnostic potential,
influenced by BMI, age, and gender. These adipocytokines may complement
existing biomarkers to enhance early detection of CRC and risk stratification; larger
studies are warranted to validate these findings and explore the underlying
mechanisms.
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1. Introduction

Colorectal cancer (CRC) counts as the third most prevalent form of cancer and the second
most significant contributor to cancer-related mortality on a global basis. In 2018, it was
predicted that over 1.8 million new cases of CRC would emerge, resulting in approximately
881,000 deaths worldwide [1]. CRC is the third most often diagnosed cancer among Iraqi
patients of both sexes, as GLOBOCAN data discloses. Furthermore, CRC is the second most
commonly diagnosed cancer in Iraqi men and fourth in Iraqi women [2]. CRC is characterized
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by irregular cell growth (i.e., a disorganized, heterogeneous proliferation of abnormal cells),
resistance to cell death, increased proliferative activity, angiogenesis, invasion, and
metastasis. It primarily affects the epithelial tissues of the colon and rectum [1, 3].

The rising rates of physical inactivity, obesity, and environmental pollution, such as

pollutants from post-conflict areas and emissions from oil refineries, can contribute to an
increased risk of CRC in Iraq. Furthermore, in the Iraqi population, many individuals have a
significant familial predisposition (e.g., Lynch syndrome and familial adenomatous
polyposis), with approximately 50% of patients reporting a family history of CRC. It is
believed that this genetic factor accelerates the development of adenomas and the
tumorigenesis of CRC [4, 5].
Scholars have proposed that pathological malfunction in adipocytes and the abnormal release
of adipocytokines in these intricate tissues could potentially contribute to tumor progression
and development [3]. This could occur through various carcinogenic mechanisms, including
the facilitation of cell migration and proliferation, as well as the activation of anti-apoptotic
pathways [6]. One of the recently identified adipokines is Irisin (Ir), which was discovered by
Bostrom et al., [7]. It is an important exercise-induced peptide that enters the bloodstream
following its proteolytic cleavage from a larger transmembrane protein precursor called
fibronectin type III domain-containing protein 5 (FNDCS5). It has a molecular weight that falls
between 20 and 32 kDa and is encoded by the FNDC5 gene (ACCN: NM_153756.2) [8]. The
deglycosylated form of Ir ranges from 12 - 15 kDa. The process of N-glycosylation plays an
essential role in determining the biological activity of Ir [8]. The FNDCS is classified as a
transmembrane protein and a prohormone, that is, a precursor protein (inactive hormone)
which is enzymatically cleaved to release the active 112-amino acid peptide hormone, Irisin
[9]. It attaches to av integrin receptors to initiate signaling cascades that facilitate muscle
contraction and mediate the benefits of physical exercise [10]. Nevertheless, the process
through which Ir is released from the prohormone remains unexplained [8]. Initially, it has
been reported that Ir contributes to the activation of thermogenesis and the browning of white
adipose tissue [7]. Also, it has been demonstrated to be essential in the transformation of
white adipose tissue into brown adipose tissue by upregulating Thermogenin (UCP1)
expression in Mitochondria. The UCP1 protein plays a vital role in the adaptation of
the human body to low temperatures. It inhibits the respiratory chain's ability to produce ATP
[7]. Numerous studies demonstrated that the Ir level increases with physical exertion and have
shown that it protects against pathological conditions associated with chronic inflammation
[8].

For the first time, a scientific study led by Romere et al., identified and explained Asprosin
(ASP) [11] as a multifunctional adipokine that appears to be a promising factor in the struggle
against obesity [12]. ASP is secreted by white adipose tissue and found to be higher in adult
obesity and type 2 diabetes mellitus [13]. The Fibrillin-1 (FBNI) gene (ACCN:
NM _000138.4) encodes the precursor protein profibrillin-1, which is proteolytically cleaved
by furin into two peptide products: mature fibrillin-1, a key extracellular matrix component,
and ASP, a 140 amino acid peptide hormone that regulates glucose homeostasis [11]. It has a
central effect, and its orexigenic properties can be analogous to the hormone Ghrelin [12, 14].
The circulating ASP has been shown to cross the blood-brain barrier, activate orexigenic
AgRPC neurons via the cAMP-dependent pathway, and induce hunger [14]. The mechanisms
of ASP action, release factors, and correlations between ASP levels and health conditions or
diseases have become the primary fields of scientific investigation. As it serves crucial
functions in regulating thermogenesis, total body energy expenditure, and glucose
homeostasis, it enhances glucose assimilation and glycogenolysis while reducing lipid
deposition, adipogenesis, and gluconeogenesis [12, 15].
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Although several studies have measured circulating levels of Ir and, to a lesser extent, ASP
in various malignancies, including CRC, the existing literature data remain inconclusive
regarding their diagnostic and prognostic utility in clinical settings. In particular, few studies
have specifically examined the correlation between these adipocytokines and various
demographic and clinicopathological factors in distinct populations. To address the current
gaps in understanding, this study investigates the diagnostic and prognostic relevance of the
adipocytokines ASP and Ir within a cohort of Iraqi patients diagnosed with CRC. Specifically,
it aims to determine whether serum concentrations of these biomarkers differ meaningfully
between CRC patients and healthy individuals, and whether such differences may hold
clinical significance. In doing so, the study employs a range of statistical analyses to assess
diagnostic performance, while also examining the correlation between these adipokines and
demographic variables such as sex, age, and body mass index (BMI). This research adopts a
multidimensional framework to enhance our understanding of ASP and Ir as potential early
indicators of CRC, contributing to the growing field of adipocytokine-based cancer
biomarkers.

2. Materials and Methods
2.1 Study design and demographic information

This case-control study recruited a total of 102 participants from an Iraqi cohort between
November 2022 and February 2023. CRC cases (n = 62) were diagnosed by certified
Histopathologists at Erbil and Rizgari Hospital - Oncology Unit following standard
histopathological evaluation. Healthy controls (HC, n = 40) were selected from routine
outpatient assessments, with clinical examinations confirming the absence of colorectal
pathology. Although the groups were not matched by gender, statistical analysis confirmed
that the mean age of CRC cases and HC did not differ significantly (P > 0.05), ensuring
adequate age matching. The final study population size consisted of 62 cases of CRC and 40
HC.

Peripheral venous serum samples were collected under the supervision of an oncologist
from the Oncology Unit at Rizgari Hospital and Nanakali Hospital for Blood Diseases and
Cancer in Erbil. CRC diagnosis was confirmed through a combination of colonoscopy
findings, abnormal serum Carcinoembryonic antigen (CEA) levels (CEA >10ng/mL), and
subsequent histopathological assessment. A positive colonoscopy was defined as the detection
of adenomatous polyps measuring >1 cm or the presence of any villous adenoma. Most CRC
patients were diagnosed at Tumor, Node, Metastasis (TNM) stages II and III, indicative of
localized disease without distant metastasis. Additionally, each participant’s BMI was
calculated as weight (kg) divided by the square of height (m?).

2.2 Inclusion and exclusion criteria

Colorectal cancer patients were clinically diagnosed with the disease in its early stages.
This diagnosis was confirmed by elevated levels of carcinoembryonic antigen (CEA)
exceeding 10 ng/mL, along with a supporting histopathology report. In contrast, the healthy
control group had no history of CRC or any other systemic diseases. To minimize potential
confounding, we excluded individuals with systemic diseases known to affect metabolic and
biochemical profiles (e.g., diabetes, cardiovascular, and autoimmune disorders), as well as
those with obesity (defined as a BMI >30 kg/m?) or those on medications that could alter the
biochemical markers under study. Additionally, patients with CRC who had received
chemotherapy prior to sample collection were excluded. To ensure a homogeneous study
population, only early-stage CRC patients (TNM stages II and III) were included, while those
with other types of adenocarcinomas were excluded. Furthermore, serum samples that had
been hemolyzed or improperly stored were eliminated from biochemical analysis. Participants
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with incomplete demographic or clinical data were also eliminated to ensure the dataset's
integrity.

2.3 Specimen collection and preparations

Each patient had a venous blood sample of 4-5 milliliters collected and placed into gold-
top serum separator tubes. The blood samples were allowed to remain at room temperature for
15 minutes, then centrifuged for 10 minutes at 4000 rpm. To guarantee correct identification
and traceability, the samples were immediately moved into uniquely coded and labeled
Eppendorf tubes following serum preparation. These samples were stored at -20°C for future
analysis, with any hemolyzed samples discarded.

2.4 Serum biochemical analysis

Serum ASP and Ir levels were quantified using enzyme-linked immunosorbent assay
(ELISA) kits (Human Asprosin, Human Irisin; SunLong Biotech Company Ltd, China)
according to the manufacturer's protocol. All samples and standards were analyzed in
duplicate to ensure analytical reliability. Additionally, serum CEA levels were determined
using the Cobas E411 immunoassay analyzer, a fully automated system that employs the
electrochemiluminescence (ECL) detection method (Elecsys CEA; Roche, Switzerland). The
accuracy of the ELISA assay was validated using duplicate sample measurements and
standard calibration curves. For the CEA analysis, internal quality control was conducted
using manufacturer-provided controls on the Cobas E411 system.

2.5 Statistical analysis

The statistical analysis for this study was conducted using GraphPad Prism version 8.0 and
SPSS version 26 software. The Shapiro-Wilk (S-W) and Kolmogorov-Smirnov (K-S)
normality tests were employed to assess whether the data followed a normal distribution. Data
were analyzed based on their distribution. Comparisons between the CRC and healthy control
groups were performed using the Mann-Whitney U test for non-normally distributed
variables. For subgroup analyses, patients were stratified based on three demographic
variables: gender (male and female), age groups (<35, 35-44, 45-54, and >54 years), and BMI
categories (normal weight, overweight, and obese). For subgroup comparisons based on age,
gender, and BMI, the Kruskal-Wallis test followed by Dunn's multiple comparisons test was
performed. Associations between serum ASP and Ir levels and demographic variables in the
patient group were evaluated using Spearman's rank correlation coefficient. These correlation
analyses were performed using SPSS version 26 software. Serum concentrations of ASP and
Ir were used to generate receiver-operating characteristic (ROC) curves for evaluating their
diagnostic performance as biomarkers for CRC. The area under each ROC curve (AUC)
ranges from 0.0 (no discrimination) to 1.0 (perfect discrimination), providing a quantitative
measure of each adipocytokine’s ability to distinguish CRC patients from HC. Data are
expressed as means (standard errors) for normally distributed variables and as medians
(interquartile ranges) for non-normally distributed variables. Statistical significance was
defined as P-values of 0.05 or less.

3. Results
3.1 Demographic Characteristics

A total of 102 participants were recruited for this study, comprising 62 CRC patients and
40 HC. Statistical analysis confirmed that the groups were age-matched, with CRC patients
averaging 46.5 £ 1.73 years and HC averaging 41.4 £+ 1.48 years (P > 0.05), resulting in an
overall mean age of 48.2 + 1.97 years. However, the gender distribution was not equivalent
between the groups as the CRC cohort included 30 males and 32 females, whereas the healthy
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control group comprised 28 males and 12 females. Detailed characteristics of the study
participants are provided in Table 1.

Table 1: Demographic information of CRC patients and HC

Demographic study Participants CRC HC P-Value
Age 48.2+1.97 46.5+1.73 41.4+1.48 0.679
Gender Male/n (%) 58 (56.8) 30 (48.4) 28 (70)
Female/n (%) 44 (43.2) 32 (51.6) 12 (30)
BMI Male 25.1241.65 Kg/m2  22.34+1.98 Kg/m2 0.045*
Female 26.43£1.15 Kg/m2  23.36+1.02 Kg/m2 0.039*

CRC: Colorectal cancer, HC: Healthy control, BMI: Body mass index

3.2 Serum adipokine levels (Ir and ASP) in CRC patients

In the present study, serum Ir concentrations were significantly higher in CRC patients than
in HC, with mean =+ SE values of 3.7+ 1.09 ng/mL versus 2.8 + 1.07 ng/mL (P=0.0308) and
corresponding medians of 1.099 ng/mL (IQR: 0.81 - 1.33) versus 0.804 ng/mL (IQR: 0.60 -
1.26). In contrast, ASP levels were markedly reduced in the CRC patients
(21.13+£6.32 ng/mL; median 11.3ng/mL [IQR:1.8 - 19.17]) compared to the HC
(58.46 £ 17.6 ng/mL; median 19.67 ng/mL [IQR:8.4 - 38.3]; P=0.002), highlighting a
divergent adipocytokine profile between the two groups (Table 2). These differences are
clearly depicted in the bar graph overlays, where Ir levels rise by approximately 32% in CRC
patients and ASP levels fall by about 64% relative to controls (Figure 1).

Table 2: Serum concentrations of ASP and Ir in CRC patients and HC.

Groups

Study parameters CRC HC

(n=62) (n=40) P-Value
Irisin
Mean+SE 3.7£1.09 2.8+1.07 0.0308*
95% CI (1.5-5.9) (0.7-5.0)
Median (25%-75% percentile) 1.099 (0.81-1.33) 0.804 (0.60-1.26)
Asprosin
Mean+SE 21.13+6.32 58.46+17.6 0.002*
95% CI (8.48-33.77) (22.7-94.17)
Median (5%-95" percentile) 11.3 (1.8-19.17) 19.67 (8.4-38.3)

Values are expressed as mean + standard error (SE) and median (interquartile range, IQR). Statistical
comparisons were performed using the Mann-Whitney U test. A P-value < 0.05 was considered statistically
significant.
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Figure 1. The serum level of Irisin and Asprosin in CRC patients and HC.

The concentration of Irisin and Asprosin was measured in CRC patients and HC; (a) Level of Irisin, (b) Level of

Asprosin. The P-value represents significance, denoted as * P < 0.05, **P < 0.01. The data are expressed as mean +
Standard Error of the Mean (M + SEM).
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3.3.1 Gender-Based Differences in ASP and Ir Levels

The present study revealed a notable gender-specific variation in serum ASP levels. In
male participants, a statistically significant decrease in ASP was observed in the CRC group
compared with the HC (P = 0.028). This indicates potential diagnostic relevance of this
adipocytokine in males. Conversely, no significant difference in ASP serum levels was found
between female CRC patients and their healthy counterparts. Intriguingly, although not
statistically significant, the trend in females was reversed, as CRC patients showed higher
ASP levels than HC, suggesting a possible gender-related differential regulation of this
adipocytokine hormone (Figure 2a).

Regarding Ir, serum concentrations did not differ significantly between CRC and HC
groups in either gender. However, both male and female CRC patients exhibited an upward
trend in serum levels of Ir relative to controls, suggesting a potential compensatory or cancer-
associated metabolic response, although this trend did not reach statistical significance
(Figure 2e).

3.3.2 Age-related differences in serum ASP and Ir Levels

In the present study, age appeared to exert a differential influence on serum ASP levels
among individuals with CRC and their healthy counterparts. Among participants over the age
of 55, CRC patients exhibited significantly elevated ASP concentrations relative to age-
matched HC (P = 0.044), suggesting a possible age-related modulation of ASP expression in
malignant states. In contrast, in the 35 - 45 age group, a substantial decline in ASP levels was
observed in CRC patients compared to controls (P = 0.0071). While individuals below 35
years did not exhibit statistically significant changes in serum adipocytokine levels, a slight
increase in ASP was noted in CRC patients compared to healthy participants (Figure 2b).
These findings imply that age may influence the expression of ASP and indicate a potential
age-dependent pattern of adipocytokine dysregulation in CRC, although the underlying
mechanisms warrant further investigation.

3.3.3 BMI-related differences in serum ASP and Ir Levels

In this study, BMI was found to be a relevant demographic factor influencing
adipocytokine levels, particularly ASP concentrations, in patients with CRC. Specifically,
CRC individuals classified as overweight exhibited significantly lower ASP levels compared
to HC within the same BMI category (P = 0.01). Likewise, normal-weight CRC patients
showed a marked reduction in ASP levels, though this difference did not reach statistical
significance. In contrast, obese CRC patients had relatively elevated ASP concentrations
compared to non-obese CRC individuals, although still lower than their healthy obese
counterparts (Figure 2c). These findings suggest that BMI may modulate ASP expression
differently in patients with CRC compared to healthy individuals.

In terms of Ir, a pronounced elevation was observed in obese CRC patients in comparison
to obese healthy individuals (P = 0.0002), indicating a potentially strong association between
obesity and Ir upregulation in CRC carcinogenesis (Figure 2g). While gender differences in Ir
levels were noted (with males showing higher levels than females in both CRC and HC
groups), this observation was discussed earlier in the gender-based section and is not directly
attributable to BMI variation alone.
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Figure 2. Serum Asprosin and Irisin levels by gender, age, and BMI in CRC patients and HC.

Data are expressed as mean + standard error of the mean (SEM). Comparisons were performed using the
nonparametric Kruskal - Wallis test followed by Dunn’s multiple comparison post hoc test. Statistically
significant differences were observed for Asprosin between CRC and HC groups in males (P = 0.028), in the 35
- 45 and >55 age groups (P = 0.0071 and P = 0.044, respectively), and among overweight individuals (P = 0.01).
For Irisin, significant elevations were noted in CRC patients aged >55 years (P = 0.029) and in obese individuals
(P = 0.0002) compared to controls. Panels: (a) and (e) show Asprosin and Irisin by gender, (b) and (f) by age
group, and (c) and (g) by BMI. P < 0.05 was considered statistically significant

3.4 ROC curve analysis of ASP and Ir

In order to evaluate the potential utility of serum ASP and Ir as supportive indicators for
differentiating CRC patients from healthy individuals in clinical settings, receiver operating
characteristic (ROC) curve analysis was performed. As shown in Figure 3, ASP exhibited an
area under the curve (AUC) of 0.7801 (95% CI: 0.68 - 0.87, P < 0.0001), with a sensitivity of
83.93% and specificity of 60.0% at a cut-off value of 2.098 pg/mL (Figure 3a). Irisin showed
a slightly lower but still informative AUC of 0.7571 (95% CI: 0.64 - 0.86, P < 0.0001), with
72.2% sensitivity and 67.65% specificity at a cut-off value of 2.232 ng/mL (Figure 3b). These
findings suggest that both adipomyokine biomarkers, particularly ASP, may aid in the
discrimination between CRC patients and healthy individuals, supporting their potential
utility in complementary clinical assessment; however, further validation is required.
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Figure 3: ROC curve analysis of Asprosin and Irisin in colorectal cancer patients.

Panel (a) shows the ROC curve of Asprosin (AUC = 0.7801, 95% CI: 0.68 - 0.87, P < 0.0001) with a cut-off
value of 2.098 pg/mL (sensitivity = 83.93%, specificity = 60.0%). Panel (b) presents the ROC curve of Irisin
(AUC = 0.7571, 95% CI: 0.64 - 0.86, P < 0.0001) with a cut-off value of 2.232 ng/mL (sensitivity = 72.2%,
specificity = 67.65%).

3.5 Correlation between serum ASP and Ir levels with BMI and CEA in CRC patients

In this study, correlation analyses were performed using SPSS version 26 to assess the
relationships between serum ASP and Ir levels, BMI as a major demographic factor, and CEA
concentrations among CRC patients. The results are presented in Table 3.

A moderate positive correlation was observed between ASP and BMI in the overall CRC
group (r = 0.25, P = 0.057), which did not reach statistical significance. However, when
analyzed by gender, a stronger positive correlation between ASP and BMI was found in males
(r =0.80, P = 0.701) compared to females (r = 0.13, P = 0.518), though these associations
were also not statistically significant.

Conversely, Ir levels showed a statistically significant inverse correlation with BMI in the
overall CRC group (r = —0.23, P = 0.013), suggesting that higher BMI is associated with
lower Ir levels in CRC patients. This negative correlation was more noticeable in females (r =
0.93, P = 0.655) and moderately positive in males (r = 0.34, P = 0.078), although neither
reached statistical significance individually.

Regarding serum CEA, which was measured for all study participants, ASP showed a strong
positive correlation with CEA levels (r = 0.73, P = 0.455), while Ir demonstrated a moderate
negative correlation (r = —0.52, P = 0.683); however, both associations were not statistically
significant. These results suggest trends of opposing relationships between the adipocytokines
and CEA, but further mechanistic studies are needed for validation.
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Table 3: Correlation of serum ASP and Ir levels with BMI and CEA levels in CRC patients.

Study parameter Asprosin Irisin

Number  CRC/62 Male /30 Female/32 CRC/62 Male/30 Female/32
BMI r square 0.25 0.80 0.13 -0.23 0.34 0.93

P-value 0.057 0.701 0.518 0.013* 0.078 0.655

r square 0.73 - - -0.52 - -
CEA

P-value 0.455 - - 0.683 - -

Correlation coefficients (r) and associated P-values were calculated using SPSS version 26. A P-value < 0.05
was considered statistically significant. Negative and positive r-values indicate the direction of correlation.

4. Discussion

Serum analysis of adipocytokines in this study revealed that Ir levels were significantly
elevated in CRC patients compared to HC. While this contrasts with several earlier published
studies indicating reduced Ir expression in various cancers, including colorectal [16], prostate
[17, 18], breast [19], bladder [20], and gastric malignancies [21], which highlights ongoing
inconsistencies in the available literature [8, 22]. For instance, Abd Temur et al., reported
significantly lower Ir levels in CRC patients, suggesting possible suppression of this
adipomyokine during tumor progression [21]. In contrast, other studies have observed
increased serum Ir levels and expression in gastrointestinal cancers (e.g., gastric, esophageal,
and colon adenocarcinoma), such as those by Shahidi ef al., who reported elevated Ir levels in
gastric adenocarcinoma [23], and Aydin et al., who documented upregulation of Ir in colon
and esophageal cancer [24]. Moreover, in cancer-related conditions, such as obesity, Mai et
al., reported an increase in serum Ir levels among individuals with obesity. Their study
suggests a crucial relationship between circulating Ir levels, muscular mass, and the metabolic
dysfunction associated with adiposity [25].

A plausible explanation for this discrepancy may involve the phenomenon of “Irisin
resistance,” in which elevated circulating levels occur despite diminished biological
effectiveness, similar to Insulin resistance, which is the major cause of type II diabetes [8].
This resistance may result from reduced Irisin receptor sensitivity or downregulation, possibly
induced by chronic inflammation or tumor-related metabolic alterations. Moreover, in
conditions such as obesity, commonly linked with cancer, serum Ir has been reported to
increase, suggesting its elevation may reflect compensatory responses to metabolic stress
rather than effective tumor suppression [24, 26]. As the underlying mechanisms remain
unclear, further investigation is needed to determine whether Ir acts as a protective
adipomyokine or is merely elevated in response to tumor-induced alterations. From the
current study perspective, the observed increase in Ir may indicate a reactive rather than
regulatory role in CRC pathology, especially in the context of systemic inflammation or
metabolic dysfunction [22, 27].

Divergences between the current findings and prior research on serum Ir levels in Iraqi CRC
patients may stem from multiple contributing factors. These include variations in
demographic profiles, racial and ethnic backgrounds, cancer staging, and the presence of
comorbidities, each of which may modulate the biological systemic regulation of Ir under
pathological conditions [8, 16]. It is believed that ethnic and regional differences may
contribute to variations in Ir expression due to genetic predispositions or environmental
exposures, emphasizing the need for further genetic and population-based studies [25].
Moreover, the stage of cancer may significantly affect the expression and circulating Ir levels.
For instance, early-stage CRC patients might exhibit different Ir profiles compared to those
with advanced or metastatic disease [27]. It is also possible that Ir interacts with other
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molecular and metabolic pathways involved in tumor initiation and progression, which could
explain the variability in findings across studies [8].

The observed reduction in serum ASP levels in this study aligns with the findings of Du et
al., [28], who reported markedly diminished ASP concentrations in cancer patients
experiencing anorexia and cachexia syndrome. Nonetheless, despite growing interest in its
metabolic and endocrine functions, the role of ASP in oncological contexts remains
insufficiently characterized and warrants further investigation. Some studies focusing on
metabolic disorders, particularly obesity, have shown that targeting ASP with monoclonal
antibodies may reduce circulating levels and suppress appetite, highlighting its potent
regulatory function in metabolism [12, 15]. In contrast to the current study results, Kerslake et
al., found elevated APS levels, along with increased expression of its receptor, olfactory
receptor 4M1 (OR4M1), in both normal and malignant ovarian tissues [29].

Altered ASP expression has also been documented by several studies in conditions
characterized by insulin resistance and type 2 diabetes mellitus, which are known to play a
significant role in cancer pathophysiology [30, 31]. Precisely, insulin resistance has been
implicated in the initiation and progression of colorectal adenocarcinoma, further linking ASP
dysregulation with tumor development [28]. Mechanistically, ASP is known to promote
hepatic glucose production by activating the G-protein/cAMP/PKA signaling cascade,
utilizing cAMP as a secondary messenger [11]. This signaling axis is also involved in
oxidative stress responses, and its dysregulation under hypoxic conditions may lead to
increased production of reactive oxygen species (ROS) and oxidative damage, as well as the
release of inflammatory cytokines and chronic inflammation [32]. Such metabolic
disturbances may contribute to tumor progression through several potential pathways,
including modulation of G protein-coupled receptor (GPCR) activity, alterations in cellular
glucose metabolism, and enhanced inflammatory signaling via proinflammatory cytokines
[32, 33]. Additionally, ASP may modulate oncogenic signaling pathways via activating the
nuclear factor-kB (NF-xB) cascade, a regulatory axis known to control the transcription of
genes implicated in cellular proliferation, survival, and chronic inflammation across a range
of pathological states, including malignancies [34].

Taken together, these findings suggest that altered ASP expression may serve not only as a
metabolic biomarker but also as a potential prognostic indicator in the early stages of
carcinogenesis. This is particularly relevant in the context of the current study on CRC. While
both ASP and Ir are closely associated with energy metabolism, the precise molecular
mechanisms through which they influence CRC progression remain to be fully elucidated
[11]. Based on the present study findings, elevated Ir and suppressed ASP levels may
contribute to colorectal adenocarcinoma development through metabolic and inflammatory
pathways.

In this study, higher serum Ir levels were observed in male CRC patients and HC
compared to their female counterparts. Ir secretion is potently linked to skeletal muscle mass,
which tends to be greater in males, partly due to elevated testosterone levels that stimulate
FNDC5/Irisin  expression through peroxisome proliferator-activated receptor gamma
coactivator 1-alpha (PGC1-a)-mediated mitochondrial biogenesis. Supporting this, previous
research has demonstrated that testosterone enhances energy expenditure and increases Ir
expression in male mice. These findings align with the study by Dokumacioglu et al., which
reported higher circulating Ir levels in healthy males, emphasising the notion of sex-
dependent variation in this important adipomyokine [35].
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In contrast, ASP levels showed variation based on BMI, with lower levels in non-obese
CRC patients and increased levels in obese individuals. ASP is secreted by adipose tissue and
is strongly influenced by fat mass. Thus, individuals with higher adiposity are expected to
exhibit elevated ASP concentrations. This finding is consistent with prior studies, which have
shown that ASP levels correlate positively with insulin resistance, obesity, and metabolic
syndrome [30, 31, 36]. The reduced ASP observed in non-obese individuals may reflect their
lower adipose mass and potentially greater insulin sensitivity as well as lower glycemic index.
Moradi et al., reported that patients with Neonatal Progeroid Syndrome exhibited markedly
low ASP levels, which corresponded with significantly reduced BMI and subcutaneous fat
[31]. Correspondingly, in patients with acromegaly, a condition associated with insulin
resistance, diabetes, and reduced fat mass, ASP levels were also diminished [37]. These
observations, along with the results of the present study, suggest that ASP concentrations may
serve as an indicator of both adipose tissue status and metabolic dysfunction in CRC patients.

Serum ASP levels in this study showed a positive correlation with CEA, while Ir levels
exhibited a non-significant negative correlation. CEA is a well-established and IVD-
confirmed tumor marker used in monitoring CRC progression and is known to increase under
chronic inflammatory conditions [21]. The inverse relationship between Ir and CEA levels
may reflect the impact of systemic inflammation on muscle-derived adipomyokine
dysregulation in patients with CRC. Although not statistically significant, these patterns
suggest a divergent role of the two adipocytokines in inflammation-mediated tumor dynamics.
Elevated ASP may be linked to proinflammatory responses, while Ir is suppressed in the
presence of inflammatory mediators, but further mechanistic studies are warranted to explore
this relationship [26, 31, 33, 36].

The correlation analysis also revealed a positive but non-significant association between
BMI and ASP levels in CRC patients. This trend is consistent with prior published works,
which indicate that ASP concentrations are positively related to BMI and adiposity,
particularly in metabolic disorders such as diabetes and obesity [30, 31, 36]. ASP is primarily
secreted by white adipose tissue (WAT) and plays a key role in metabolic energy homeostasis
and glucose regulation. Elevated adiposity may enhance ASP secretion from adipose tissue,
potentially exacerbating the metabolic dysregulation commonly associated with CRC.
Moreover, the expansion of adipose tissue is frequently associated with a state of chronic,
low-grade inflammation, which can upregulate the production of proinflammatory cytokines,
mediators that may in turn amplify ASP expression [32, 33]. These mechanistic insights align
with the present findings, offering a plausible explanation for the elevated ASP levels
observed among overweight individuals within the Iraqi CRC cohort.

A statistically significant inverse relationship was found between Ir and BMI among CRC
participants, suggesting that increased body fat (as indicated by high BMI) is associated with
lower circulating Ir levels. This finding aligns with the hypothesis that obesity-induced
adipocyte dysfunction negatively affects adipomyokine regulation. As Ir is primarily derived
from skeletal muscle fibers, its reduction in individuals with higher BMI may result from
reduced muscle mass or impaired FNDCS5 signaling in response to metabolic stress. These
metabolic changes may not only influence Ir levels but also contribute to the development or
progression of CRC through disrupted energy and redox homeostasis [8-10].

Insulin resistance is commonly observed in patients with high BMI and obesity, and ASP
has been implicated in this condition due to its role in glucose metabolism and hormonal
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regulation [30]. In CRC, insulin resistance may contribute to altered adipocytokine levels,
including increased ASP. Therefore, CRC patients who are overweight or obese may exhibit
higher ASP concentrations as a result of both their adiposity and insulin resistance [36]. These
observations further support the notion that ASP may serve as a link between metabolic
dysfunction and cancer progression.

In the present work, gender-specific analysis revealed positive, though non-significant,
correlations between ASP and BMI in both males and females. Interestingly, a moderate
positive association was observed between Ir and BMI in males, while a similar trend was
seen in females with CRC. The relationship between obesity and adipocytokine secretion
appears to be modulated by sex-specific hormonal and metabolic factors. In males, increased
adiposity may provoke greater ASP release, potentially driven by heightened inflammatory
activity within adipose tissue [36]. Conversely, the observed associations between Ir and BMI
in female participants may reflect underlying differences in skeletal muscle composition,
circulating estrogen levels, or divergent inflammatory signaling pathways. These sex-
dependent trends suggest that the regulation of both ASP and Ir in CRC may be influenced by
gender-specific physiological mechanisms, underscoring the importance of considering
metabolic context in biomarker interpretation.

5. Conclusions

This study presents preliminary evidence supporting the potential utility of Ir and ASP as
novel biomarkers in CRC. Their differential expression profiles, modulated by demographic
and metabolic factors such as age, sex, and BMI, suggest that these adipocytokines may
apprehend cancer-specific physiological changes not fully reflected by conventional markers
like CEA. These findings suggest a potential adjunctive role for Ir and ASP in improving
early diagnostic accuracy and refining risk stratification in CRC. While caution is warranted
given the study’s scope and sample size, the observed patterns underscore the need for further
investigation. Future studies with broader cohorts and mechanistic analyses will be essential
to determine the diagnostic robustness and prognostic value of these biomarkers within
diverse clinical contexts.
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