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Abstract. Background/Aim: Metabolic syndrome (MetS)
stands as a significant risk for developing various severe
health problems. Therefore, the discovery of biomarkers
capable of predicting the progression of metabolic conditions
is crucial for improving overall health outcomes. Recently,
we reported that coiled-coil domain containing 25
(CCDC25) might be associated with key proteins involved in
metabolic pathways, by bioinformatics analysis. Thus, we
assumed that serum CCDC25 levels might have an
association with MetS status. Patients and Methods: In this
study, based on the modified National Cholesterol Education
Program-Adult Treatment Panel III (modified NCEP-ATP
IIl) criteria, the participants who had three or more of
abnormal criteria were defined as MetS, and those who had
1 or 2 abnormal criteria as pre-MetS groups; those who had
no abnormal criteria were classified as the healthy control
(HC) group. Serum CCDC25 levels were measured using the
dot blot assay. Results: The results showed that serum
CCDC2S5 levels of the MetS group (0.072+0.026 ng/ul) were
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significantly higher (p<0.001) than that of pre-MetS
(0.031+0.011 ng/ul) or HC groups (0.018+0.007 nglul). We
can discern a consistent trend indicating that serum
CCDC25 level is well correlated with the number of
abnormal criteria of MetS of each participant. Although
serum CCDC25 levels correlated with the distribution of all
5 MetS criteria, the highest correlation was seen in serum
CCDC25 levels and triglyceride (TG) levels, with r=0.563,
followed by systolic blood pressure (SBP) levels (r=0.557)
and high-density lipoprotein-cholesterol (HDL-C) levels
(r=—-0.545). Conclusion: CCDC25 showed correlations with
all MetS parameters, particularly with TG, SBP, and HDL-
C. This prompts speculation that heightened CCDC25 levels
may indicate the development and/or progression of those
MetS-associated diseases.

Metabolic syndrome (MetS) is a cluster of interconnected
conditions that significantly raise the risk of developing
severe health problems (1-4). MetS is defined based on the
modified National Cholesterol Education Program-Adult
Treatment Panel III (modified NCEP-ATP III) guidelines,
and the individuals having three or more of the following
five criteria are diagnosed as having MetS; abdominal
obesity (BMI =27 kg/m? in males or =25 kg/m? in females)
(5, 6), high blood pressure (BP =130/85 mmHg), elevated
fasting blood glucose levels (FBG =100 mg/dl), increased
triglyceride levels (TG =150 mg/dl), and decreased levels of
high-density lipoprotein cholesterol (HDL-C <40 mg/dl in
males or <50 mg/dl in females) (2). The prevalence of MetS
ranges from 12% to 37% in the Asian population, although
it varies depending on the criteria and regions (7). As
mentioned above, MetS serves as a significant risk factor for
non-communicable diseases (NCDs), including chronic
disease (8), type 2 diabetes mellitus (9, 10), cardiovascular
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Figure 1. Distribution of participants with various degrees of metabolic parameters. There were 100 participants in total: non-MetS (n=50); HC
(n=26); pre-MetS (n=24); MetS (n=50). non-MetS, Non-metabolic syndrome; MetS, metabolic syndrome; HC, healthy control; pre-MetS, pre-

metabolic syndrome.

disease (9, 11), and stroke (12, 13). Some studies have also
suggested a potential link between MetS and an increased
risk of cancer (14, 15). Development and progression of
MetS is associated with dysregulation of metabolic pathways
and increases in the risk of complications (16, 17).
Coiled-coil domain containing 25 (CCDC25), a protein
identified by genome analysis, is composed of 208 amino
acids with a molecular weight of approximately 25 kDa,
and its coding gene is located on human chromosome
8p21.1 (18). Although its precise biological function is not
well understood, CCDC25 is predicted to localize in the
nucleus. In contrast, CCDC25 is present on the cell surface
membrane of breast and colon cancer cells as a target
molecule of neutrophil extracellular traps (NETs) and is
involved in tumor metastasis (19, 20). Apart from cellular
CCDC25, our group showed significant overexpression of
CCDC?25 in cholangiocarcinoma (CCA) tissue (21), and in
the sera of CCA patients (22), suggesting its potential as a

biomarker for diagnosis of CCA. The diagnostic potential
of CCDC25 for CCA was signified further by our discovery
of significantly higher elevation of CCDC25 levels in the
sera of CCA patients compared to that of the other
prevalent cancer patients (23). Related to our study, using
microarray analysis, potential diagnostic, and prognostic
value of CCDC25 expression was reported for
hepatocellular carcinoma (HCC) (24). During our series of
study on the biological roles of CCDC25 in CCA,
bioinformatic analysis of CCDC25 signaling pathway
revealed its direct and/or indirect association with
metabolic-related proteins, such as epidermal growth factor
receptor (EGFR) (21, 25), mammalian target of rapamycin
(mTOR), transforming growth factor beta 1 (TGFf1), and
vascular endothelial growth factor (VEGF) (25), all of
which are key players in metabolic pathways (26, 27).
Thus, in this study, we explored whether serum CCDC25
levels are related to MetS.
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Table 1. Metabolic characteristics of the HC, pre-MetS, and MetS groups.

Parameters Criteria HC pre-MetS MetS p-Value
(n=26) (n=24) (n=50)
BMI (kg/m?2) >27.00 (M) 20.75+1.25 22.00+2.38 27.25+2.35 <0.001
(19.10-24.20) (17.40-26.60) (20.50-33.50)
=25.00 (F) 20.95+1.65 23.50+1.85 26.95+2.10
(19.10-24.80) (17.90-34.70) (17.40-37.40)
SBP (mmHg) =130.00 121.50+4.50 136.50+10.38 146.00+£9.63 <0.001
(100.00-129.00) (113.00-189.00) (110.00-188.00)
DBP (mmHg) >85.00 72.50+4.63 78.00+6.63 81.50+6.38 <0.001
(62.00-83.00) (64.00-99.00) (59.00-106.00)
FBG (mg/dl) =100.00 83.00+3.00 94.50+12.88 127.50+43.13 <0.001
(69.00-95.00) (70.00-219.00) (82.00-348.00)
TG (mg/dl) =150.00 77.50+10.50 105.00+£21.75 188.50+34.25 <0.001
(41.00-147.00) (59.00-344.00) (69.00-314.00)
HDL-C (mg/dl) <40.00 (M) 56.50+6.00 57.00+14.00 38.50+5.50 <0.001
(45.00-74.00) (33.00-91.00) (20.00-58.00)
<50.00 (F) 64.00+5.88 60.00+6.00 43.00+6.00

(51.00-83.00)

(43.00-74.00)

(26.00-75.00)

Data are presented as the median with quartile deviation (QD) and min, minimum to max, maximum. Values in bold indicate statistical significance,
calculated using the Kruskal-Wallis H test. HC, healthy control; pre-MetS, pre-metabolic syndrome; MetS, metabolic syndrome; M, male; F, female;
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TG, triglyceride; HDL-C, high-

density lipoprotein cholesterol.

Patients and Methods

Sample size calculation. In this study, G¥Power software version
3.1.9.4 was used to calculate the necessary sample sizes (28). Fifty
sera from non-metabolic syndrome (non-MetS) and metabolic
syndrome (MetS) individuals ensured a statistical power of 100%
within each group.

Sample collection. This study was approved by the Human Ethics
Committee, Khon Kaen University, with the approval number of
HE652170. Fifty sera from non-MetS and MetS individuals were
randomly selected from the leftover sera from individuals that
underwent annual health check-up at the Faculty of Associated
Medical Sciences (AMS-KKU Excellence Laboratory), Khon Kaen
University, Thailand. All sera were collected from participants on
November 12, 2021. The samples were stored at —20°C before being
analyzed. The clinical and laboratory examination data extracted
from the individual records were the following: body mass index
(BMI) and systolic (SBP) and diastolic (DBP) blood pressures,
fasting blood glucose (FBG), glycosylated hemoglobin (HbAlc),
cholesterol, triglyceride (TG), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), blood urea
nitrogen (BUN), creatinine, estimated glomerular filtration rate
(eGFR), aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and alkaline phosphatase (ALP).

Metabolic syndrome criteria. In this study, the participants were
divided into non-MetS and MetS groups according to the modified
NCEP-ATP III criteria, using BMI instead of abdominal obesity.
The criteria used in this study were as follows: BMI: male =27
kg/m? or female 225 kg/m?2 (5, 6), SBP =130 mmHg and/or DBP
=85 mmHg, FBG =100 mg/dl, TG =150 mg/dl, HDL-C: male <40
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mg/dl or female <50 mg/dl (2). Individuals who met three or more
of these criteria were categorized as having MetS, and those having
less than three criteria were grouped as non-MetS (2). Then, the
non-MetS group was further divided into two groups: those having
no abnormalities in MetS criteria as healthy controls (HC), and
those having one or two criteria as the pre-metabolic syndrome (pre-
MetS) group.

Dot blot assay for serum CCDC25 levels. To create a standard curve,
serum standard 0.193 ng/ul concentration was serially diluted two-fold
at 0.096, 0.048, 0.024, 0.012, and 0.006 ng/ul, respectively. Pooled
serum (n=40) was used as a positive control for intensity normalization
(23). To calculate the relative intensity of each sample spot, we
compared it to the positive control as described previously (29). A
nitrocellulose membrane (GE Healthcare Life Sciences, Little Chalfont,
UK) was placed on the Bio-Dot Microfiltration apparatus (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) at room temperature after being
immersed in 1X Tris-buffered saline with 0.1% Tween-20 (1X TBS-T).
Two microliters of positive control serum and each undiluted sera of the
participants were spotted onto the membrane. To prevent non-specific
binding, the membrane was incubated with 5% skimmed milk in 1X
TBS-T at room temperature for 1 hr. The membrane was then exposed
to 1:1000 dilution of rabbit polyclonal primary antibody against human
CCDC25 (Cat. No. Orb2517; Biorbyt, Cambridge, UK) for overnight
incubation at 4°C. After washing with 1X TBS-T, 1:2000 dilution of
horseradish peroxidase-conjugated goat anti-rabbit IgG secondary
antibody (Cat. No. ab7083; Biorbyt) was applied to the membrane. The
membrane was then incubated with this solution at room temperature
for 1 hr before being rinsed with 1X TBS-T. The chemiluminescent
pattern was identified and measured using the improved
chemiluminescence plus reagent (GE Healthcare Life Sciences) and the
Amersham imager 600 (GE Healthcare Life Sciences).
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Table II. Clinical parameters of the HC, pre-MetS, and MetS groups.

Parameters Normal HC pre-MetS MetS p-Value
range (n=26) (n=24) (n=50)
Age (years) - 52.00+8.25 57.50+4.25 58.50+5.00 0.034
(36.00-71.00) (35.00-69.00) (35.00-74.00)
Sex n (%) Female 16 (16.00) 13 (13.00) 32 (32.00) 0.718
Male 10 (10.00) 11 (11.00) 18 (18.00)
HbAlc (%) <6.50 6.40+0.43 7.30+0.89 8.30+2.09 <0.001
(4.80-7.20) (6.20-12.50) (4.80-17.70)
TC (mg/dl) <200.00 181.50+28.38 243.00+26.50 215.00+40.13 <0.001
(116.00-333.00) (134.00-341.00) (93.00-352.00)
LDL-C (mg/dl) <100.00 106.50+11.75 151.00+31.38 129.50+28.50 <0.001
(38.00-223.00) (51.00-234.00) (37.00-266.00)
BUN (mg/dl) 5.80-19.10 13.00+2.00 13.50+1.75 14.00+2.38 0.053
(5.00-21.00) (6.00-19.00) (5.00-37.00)
Creatinine (mg/dl) 0.50-1.50 0.80+1.00 0.70+0.15 0.75+0.10 0.713
(0.50-1.00) (0.30-1.00) (0.40-1.40)
eGFR (ml/min/1.73 m2) =90.00 99.24+9.12 99.94+10.81 99.00+16.14 0.555
(70.21-163.31) (80.31-268.75) (49.84-221.52)
AST (U/1) 12.00-32.00 27.00£5.75 26.50+5.75 26.00+6.00 0.788
(16.00-39.00) (16.00-100.00) (16.00-92.00)
ALT (U/l) 4.00-36.00 18.00+4.75 22.00+4.50 21.50+6.50 0.120
(7.00-45.00) (10.00-61.00) (8.00-86.00)
ALP (U/1) 37.00-147.00 55.50+9.75 69.00+7.88 76.00+17.50 0.004

(37.00-87.00)

(48.00-106.00)

(32.00-147.00)

Data are presented as the median with quartile deviation (QD) and min-max in brackets, except for sex. Values in bold indicate statistical significance,
calculated using the Kruskal-Wallis H test (and chi-square for sex). HbAlc, glycosylated hemoglobin; TC, total cholesterol, LDL-C, low-density
lipoprotein cholesterol; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; AST, aspartate aminotransferase; ALT, alanine

aminotransferase; ALP, alkaline phosphatase.

Statistical analysis. To assess the distribution of the data, we opted
to utilize the Kolmogorov-Smirnov test. Due to the non-normal
distribution of the acquired data, the information is presented as
mediantquartile deviation (QD). The Mann-Whitney U-test and the
Kruskal-Wallis H test were used to compare the data sets of HC,
pre-MetS, and MetS groups. The chi-square test was used to
calculate the differences of proportion of age. The Spearman
correlation coefficient was used to calculate the correlation between
CCDC25 and metabolic parameters. All statistical analyses were
carried out using GraphPad Prism software (ver. 8.0.2 GraphPad
Software Inc., La Jolla, CA, USA) and SPSS software (ver.
28.0.1.0.; SPSS, Inc., IBM, Armonk, NY, USA). p<0.05 was
considered a statistically significant difference.

Results

Baseline metabolic characteristics of the study groups. In
this study, 50 participants in each of the non-MetS and MetS
groups were categorized according to the modified NCEP-
ATP I criteria. The non-MetS group consisted of 26 healthy
controls (HC) did not match filter criteria and 24 pre-MetS
participants who met one (n=11) or two (n=13) criteria. In
the MetS group, 18 had three, 19 had four, and 13 had five
criteria (Figure 1). Subsequently, data analyses were made
based on the three groups: HC, pre-MetS and MetS groups.
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The baseline metabolic characteristics of HC, pre-MetS and
MetS groups are given in Table I. Among the HC, pre-MetS
and MetS groups, a significant difference (p<0.001) was
observed in the median of the BMI, SBP, DBP, FBG, TG,
and HDL-C levels.

Clinical parameters of the study groups. The clinical
parameters of the HC, pre-MetS, and MetS groups are given
in Table II. The median values of HbAlc, TC, and LDL-C in
pre-MetS and MetS groups were much higher (p<0.001) than
that of the HC group. Statistically significant differences
among the groups were also observed in the median of the age
(»<0.05) and the median of the ALP value (p<0.01).

Serum CCDC25 levels and MetS status. Serum CCDC25
levels of HC, pre-MetS, and MetS groups are given in
Figure 2. Serum CCDC25 levels of the MetS group
[0.072+0.026 (0.019-0.178) ng/ul] was significantly higher
(»<0.001) than that of the pre-MetS [0.031+0.011 (0.013-
0.072) ng/pl], and the HC group [0.018+0.007 (0.007-0.036)
ng/pl], as shown in Figure 2A. When examining the
comparison between serum CCDC25 levels and the degree
of matching MetS criteria, a significant difference was
observed for up to three matching criteria (Figure 2B).
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Figure 2. (A) Serum CCDC25 levels of HC, pre-MetS and MetS. (B) Correlation between serum CCDC25 levels and MetS matching criteria.
Statistical difference between the groups was examined using the Mann-Whitney U-test and Kruskal-Wallis H test. HC, healthy control; pre-MetS,
pre-metabolic syndrome; MetS, metabolic syndrome groups; CCDC25, coiled-coil domain containing 25.

However, in the MetS group, serum CCDC25 levels showed
no significant variation, irrespective of the matching criteria
for the degree of MetS.

Correlation between serum CCDC25 levels and each MetS
criterion. The correlation between serum CCDC25 level and
each MetS criterion of all samples (n=100) was analyzed
using Spearman’s correlation coefficient. The results are
shown in Figure 3. Apparently, a significant positive
correlation was observed between CCDC25 and BMI, SBP,
DBP, FBG, and TG, while a significant negative correlation
was observed between CCDC25 and HDL-C levels.
Additionally, in the MetS group (shown as red circles in
Figure 3) showed significant positive correlation between
high CCDC25 with TG levels (r=0.502, p=0.029), while
CCDC25 levels did not correlate with BMI, SBP, DBP, FBG,
and HDL-C levels. Moreover, in 50 cases of the MetS
groups, 42 samples (84%) had high levels of TG. In 42
samples of MetS with high TG levels, 23 samples (46%) had
low CCDC25 levels, and 19 samples (38%) had high
CCDC25 levels. Thus, CCDC25 in MetS requires further
studies using a large sample size with a follow-up study.

Discussion

MetS is a condition that increases the risk of developing severe
diseases (8-13). Therefore, efficient monitoring of MetS is
critical in clinical supervision and in controlling severe
conditions (30, 31). Since MetS is diagnosed by complicated

789

criteria of multiple laboratory data sets, there exists a necessity
to identify simple biomarkers capable of serving as indicators
for individuals with MetS that put at high risk for cancer and
other diseases (32). In the present study, we first demonstrate
elevated serum CCDC25 levels in MetS compared to pre-MetS
and HC groups. In our previous study, we found that high
serum CCDC25 levels can be a biomarker for CCA (23). In
this study, we demonstrated also that serum CCDC25 levels
were elevated in MetS individuals. However, when serum
CCDC2S5 levels in CCA and MetS were compared, its level in
MetS was far lower than that in CCA (23). In the case of CCA,
CCDC?25 is produced by cancer cells (21, 25). In MetS, the
source of CCDC25 remains unclear. Further study is required
as to identify the source and mechanism of the elevation of
serum CCDC25 in MetS. Furthermore, our findings revealed
the observation of divergent trends across the groups
categorized by CCDC25 levels and provided intriguing insights
into the potential roles of CCDC25 in different metabolic
processes. MetS is characterized by a constellation of
metabolic abnormalities, including central obesity, insulin
resistance, hypertension, and dyslipidemia (33). Elevated TG
levels are a hallmark of dyslipidemia, often found in
individuals with MetS (34) and increased risk of cardiovascular
diseases (35). In this research, serum CCDC25 levels had
positive correlation not only with TG but also with SBP.
Moreover, it correlated negatively with HDL-C. Thus, it could
be speculated that CCDC25 might play critical roles in lipid
metabolism and associated vascular diseases. Since de novo
lipogenesis in the liver contributes to the elevation of TG (36,
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Figure 3. Correlation between CCDC25 and clinical parameters. Spearman Correlation analysis between CCDC25, Coiled-coil domain containing
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37) and cholesterol levels (37), and since CCDC25 expression
on cancer cell surface is positively regulated by de novo
cholesterol biosynthesis (38), we hypothesized that CCDC25
in circulation may also regulate lipid metabolism (39, 40).
MetS is a risk factor for various diseases, such as Type 2
diabetes (1-4), cardiovascular diseases (41), chronic kidney
diseases (1-4) or even cancer (42, 43). Besides, CCDC25 is
regarded as a prominent indicator of CCA (21-23) and displays
a substantial correlation with high TG levels in MetS, as shown
in this study. Moreover, elevated TG levels, a constituent of
MetS, may play a role in promoting oxidative stress, as
suggested by Danciu et al. in 2023 (44). The dysregulation of
cellular processes linked to MetS and oxidative stress could
potentially impact CCDC25 levels. This prompts speculation
that heightened CCDC25 levels may indeed indicate the
development/ progression of those MetS-associated diseases.
Moreover, our findings indicate a significant correlation
between heightened CCDC25 levels and TG. Hence,
individuals diagnosed with MetS and exhibiting elevated TG
levels might consider evaluating serum CCDC25 levels as part
of their annual health check-ups. Further studies are needed to
confirm the potential integration of CCDC25 into health check-
ups. This concept parallels with the report of Min-Oo et al. in
2023, using a biochemical parameter scoring system for
predicting intrahepatic CCA survival and refining risk outcome
assessment (45).

Conclusion

Our research revealed a significant correlation between
serum CCDC25 and MetS. Our findings offer valuable
insights for clinicians, particularly in patients with MetS. To
substantiate this connection and uncover underlying
mechanisms, long-term prospective cohort studies and
mechanistic investigations will be required in the future.
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