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Abstract

Background: Crohn’s disease (CD) is a chronic disease perpetuated through key pro-
inflammatory molecules, including tumor necrosis factor-alpha (TNF«x). Angiopoietin-like
protein 8 (ANGPTLS8) may contribute to inflammation cascades. This study aimed to
investigate how ANGPTLS levels are influenced in patients with CD prior to and following
anti-TNF therapy. Methods: Patients were divided into 3 groups. Patients with CD in
clinical remission receiving IFX for at least 24 weeks (IFX-experienced group), patients
scheduled to start IFX (IFX-naive group), and healthy controls (control group). In the
IFX-experienced group, ANGPTLS levels were measured 24 h before the next maintenance
IFX dose. In the IFX-naive group, levels were measured at week 0 and week 24, and in the
control group, they were measured randomly. Results: The total number of participants
was 166. The numbers of IFX-experienced, IFX-naive patients, and healthy controls were
82,13, and 71, respectively. Mean age ranged from 27 to 33 years of age across the three
groups. Eighty-four (51%) participants were female. ANGPTLS levels were significantly
higher in patients with CD (138.26 £ 8.47 pmol) compared to the healthy control group
(102.52 £ 5.99 pmol, p = 0.001). Among IFX-naive patients receiving anti-TNFu treatment,
ANGPTLS levels decreased significantly from 145.06 4= 17.93 pmol pre-treatment (week 0) to
81.78 £ 10.61 pmol post-treatment (week 24), p = 0.007. Conclusions: Our findings suggest
that ANGPTLS levels are elevated in CD and may be involved in the inflammatory process.
The marked reduction in ANGPTLS levels following anti-TNFa treatment indicates its
potential as a biomarker for treatment response. Further research should focus on the
exact mechanisms through which ANGPTLS influences CD progression and its utility in
clinical practice.
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1. Introduction

Crohn’s disease (CD), a key subset of inflammatory bowel disease (IBD), is character-
ized by chronic gastrointestinal inflammation. It has a complex pathogenesis, influenced by
genetic predisposition and immune dysregulation, along with gut microbial and environ-
mental factors, most notably cigarette smoking [1,2]. The rising global prevalence of CD,
more recently in Asia and South America, warrants critical advancements in its diagnosis
and treatment [2—4]. In recent decades, an increased understanding of the disease has
led toward improved diagnostic accuracy, such as novel non-invasive imaging (magnetic
resonance enterography) and biomarkers (calprotectin, lactoferrin, microRNAs, etc.) [2,5].
The management of CD is now focused on a treat-to-target approach, aiming for mucosal
healing and sustained remission using non-steroidal agents to limit complications and
surgical interventions. This strategy is supported by the introduction of biological therapies
that target specific inflammatory mediators, such as tumour necrosis factor-alpha (TNFo),
interleukin (IL)-12, and IL-23, as well as advancements in minimally invasive surgical
techniques [1,2].

TNF« is a pivotal pro-inflammatory cytokine implicated in CD as well as several
autoimmune diseases [2]. Elevated levels of TNFa have been observed in the intestinal
mucosa, stool, and serum of patients with CD, with levels significantly correlating with
disease activity [6]. In the therapeutic context, anti-TNF monoclonal antibodies have
shown promising benefits in the management of CD by promoting apoptosis in activated
T-cells, along with maintaining tight junction integrity in the gastrointestinal epithelium
and ameliorating apoptosis [6,7].

In our previous study [8], we showed that the ANGPTL8 R59W variant was associated
with increased TNF« circulation. Angiopoietin-like proteins (ANGPTLs) are a family
of glycoproteins that share structural similarity with angiopoietins but lack the capacity
to bind with traditional angiopoietin receptors, such as Tiel or Tie2 [9]. They comprise
eight members (ANGPTL1-8) and play significant roles in regulating lipid metabolism,
inflammation, insulin resistance, and other metabolic disorders [10-12]. There are ongoing
investigations regarding their contributions to many prevalent diseases, such as acute
coronary syndrome [13]. Among the eight members, ANGPTLS, also known as betatrophin,
lipasin, and RIFL (refeeding induced in fat and liver), is explored in various studies
due to its role in inflammation propagation along with plasma triglyceride (TG) level
regulation [14]. ANGPTLS's interaction with TNFo and nuclear transcription factor NF-«B,
a main driver in inflammatory signaling pathways through promoting pro-inflammatory
gene alterations, is a subject of recent interest and investigation [15]. Due to limited data,
there is growing interest in illuminating ANGTPTLS8's behavior in relation to CD disease
activity, inclusive of its response to biological anti-inflammatory therapy.

In this study, we aimed to investigate the changes in ANGPTLS levels in patients with
CD compared to a healthy population. Additionally, we aimed to investigate the impact of
anti-TNF therapy on ANGPTLS levels.

2. Materials and Methods
2.1. Study Design

This is a prospective multi-center observational study and it was performed and
reported in accordance with Strengthening the Reporting of Observational Studies in
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Epidemiology (STROBE) guidelines [16]. Adult patients with CD were recruited from
multiple centers between January 2022 and June 2024.

2.2. Study Population and Outcome Measures

Patients were divided into 3 groups: patients with CD in clinical remission receiving
IFX for at least 24 weeks for moderate to severe CD (IFX-experienced group), patients
with moderate to severe CD scheduled to start IFX (IFX-naive group), and healthy controls
(control group). ANGPTLS levels were measured 24 h before the next maintenance IFX
dose in the IFX-experienced group, 24 h before starting the first dose of infliximab in the
IFX-naive group, and randomly in the control group.

An additional analysis was conducted in anti-TNF-naive patients to assess ANGPTL8
levels before and after initiating anti-TNF therapy. ANGPTLS levels were measured at
week 0 and week 24 in the IFX-naive group,

In this study, we specified the inclusion criteria as follows: (1) patients aged > 18 years;
(2) patients with moderate-to-severe Crohn’s disease [17], defined as a Crohn’s Disease
Activity Index [CDAI] >220); patients with Simple Endoscopic Score for Crohn’s Disease
(SES-CD) > 7; (3) patients on IFX, (4) patients who have been on their current biologic
therapy for at least 24 weeks, and (5) in the biologic-naive group, patients should not have
received biologic therapy.

The exclusion criteria were specified as follows: pregnant patients, pediatric patients
aged <18 years, patients with missing outcome data, and patients for whom colonoscopic
examination of the terminal ileum was not assessed. Patients taking concomitant corticos-
teroids or other immunomodulators were excluded as well.

The baseline demographic characteristics of the participants were collected retrospec-
tively from electronic medical records (EMRs); these included age, sex, ethnicity, and body
mass index (BMI). Baseline (prior to treatment) as well as post-treatment clinical, biomarker,
and endoscopic data were collected from EMRs as well.

Ethical approval for this study was obtained on 3 January 2022 from the standing
committee for the coordination of health and medical research at the ministry of health
of Kuwait (IRB No. 2144 /2022) and as per the updated guidelines of the Declaration of
Helsinki (64th WMA General Assembly, Fortaleza, Brazil, October 2013) and the US Federal
Policy for the Protection of Human Subjects.

2.3. Blood Processing

Blood samples were collected in EDTA tubes and centrifuged at 400 x g for 10 min at
room temperature to separate the plasma. The plasma was centrifuged at 800x g for 10 min
to obtain a clear supernatant, which was aliquoted into fresh tubes. Storage specifications
of the subjects’ plasma for future tests required the samples to be stored at —80 °C. For the
ELISA assay, the subjects” samples were thawed at room temperature and centrifuged at
10,000 g for 5 min to remove any particles or precipitates. Samples were aliquoted into
the appropriate plate layout.

2.4. Measurement of Circulating Levels of ANGPTLS by ELISA

Levels of human ANGPTLS in plasma were determined using the ANGPTLS8 ELISA
Kit (Human) (Cat. No. 27795) from Immuno-Biological Laboratories Co. (Naka, Fujioka-
Shi, Gunma, Japan). Subjects” samples were diluted 1:20 with 1x EIA buffer from the
kit, and an ELISA assay was performed following the manufacturer’s recommendations
and protocol. The ELISA plate was read at 450 nm using a plate reader within 30 min of
stopping the reaction. The color intensity was directly proportional to the ANGPTLS level
in the sample. The concentration of ANGPTLS in the samples was extrapolated from the
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ANGPTLS standard curve. The intra-assay and inter-assay coefficients of variation (CV%)
were less than 5%.

2.5. Statistical Analysis

All statistical analyses were performed using SPSS for Windows, version 25.0 (IBM
SPSS Inc., Chicago, IL, USA). A normality test was conducted for continuous variables,
accordingly for variables with normal distribution. One-way analysis of variance (ANOVA)
was used to compare the three study groups: IFX-experienced, IFX-naive, and Healthy. To
assess pairwise statistical significance, the Bonferroni post hoc test was applied for multiple
comparisons. Descriptive statistics were used to summarize patient demographics and
baseline characteristics for non-parametric data. Continuous variables were reported as
the mean + standard error mean (SEM), while categorical variables were presented as
frequencies and percentages. The Chi-square test of independence was used to assess
the differences in categorical variables across the three groups. A p-value of <0.05 was
considered statistically significant. Finally, a generalized linear model (GLM) with a Poisson
distribution and a log link function was performed to model the ANGPTLS level based
on age, BMI, gender, and corticosteroid use. The model fit the data well, as indicated
by the goodness-of-fit statistics. Deviance/df = 4.493, Pearson Chi-Square/df = 5.013,
AIC =376.01. The omnibus test significant chi-square (5) = 29.843 (p < 0.001) indicated that
the model provided a better fit to the data compared to the intercept-only model.

3. Results
3.1. Study Demographics

A total of 495 patients were screened. After applying our inclusion/exclusion criteria,
166 patients were eligible to be included in this study (Figure 1). The number of healthy
controls, IFX-experienced, and IFX-naive patients were 71, 82, and 13, respectively. Mean
age ranged from 27 to 33 years of age across the three groups, and most were non-smokers
[40 (24.1%)]. In total, 84 (51%) patients were females. However, in the I[FX-experienced and
IFX-naive groups, the majority of patients were male (62.2% and 69.2%, respectively). The
average BMI of patients with CD was 24, while healthy controls had an average BMI of
25. Interestingly, the IFX-naive group had a higher CDAI mean score of 441 and a fecal
calprotectin level of 493 compared to the IFX-experienced group (201 and 121, respectively).
The healthy group had a baseline mean CDAI of 138 and fecal calprotectin level of 49. The
proportion of patients on Azathioprine was 31.7% in the IFX-experienced group, while
the IFX-naive group had a bulk proportion of 76.9%. The healthy control group was not
receiving any listed CD treatment (Table 1).

Table 1. Demographic characteristics of all included participants.

IFX-Naive Week 0 Healthy Multiple Comparisons with Post Hoc Bonferroni (p-Value)
. IFX-Experienced
Variables (n =82) (n=13) (=71 ¥ p-Value IFX-Experienced  IFX-Experienced IFX-Naive vs.
n= n= vs. IFX-Naive vs. Healthy Healthy
Age, mean + SEM 29.76 1.4 27.92 +3.82 33.66 = 1.55 0.113 0.104 0.051 0.063
BMI 2422 4+ 0.60 24.06 £1.31 29.53 +0.83 <0.001 1.000 <0.001 <0.001
Male 51 (62.2%) 9 (69.2%) 22 (31.0%) <0.001
Female 31(37.8%) 4 (30.8%) 49 (69.0%)
Smoking 23 (28.0%) 4(30.8%) 13 (18.3%) 0.308
CDAI score, mean + SD 201 +£11 441+£12 138 +7 <0.001 <0.001 <0.001 <0.001
Fecal Cal, ug/mg 121 493 49
CRP, mg/L 12.3 31 7
Albumin, g/L 49 55 33
Azathioprine 26 (31.7%) 10 (76.9%) 0(0.0)
Methotrexate 4 (4.9%) 0(0.0) 0(0.0)
Corticosteroids 5(6.1%) 5(38.5%) 0(0.0)
ANGPTLS, pmol 1358 +£7.5 168.8 +10.9 102.5+ 6.0 <0.001 <0.001 <0.001 <0.001

+ One-way ANOVA p-value, ANGPTLS; Angiopoietin-like protein 8, BMI: Body mass index, CDAI: Crohn’s

Disease Activity Index, CRP: C-reactive protein, Fecal Cal: Fecal calprotectin, SEM: Standard error of the mean.
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Figure 1. Patient enrollment process.

3.2. Main Outcomes

ANGPTLS levels were significantly higher in patients with CD who had already re-
ceived IFX (135.8 & 8.47 pmol) compared to the healthy control group (102.52 & 5.99 pmol)
(p-value < 0.001) (Figure 2). Patients in the IFX-experienced group had a lower average
ANGPTLS level of 135.8 pmol compared to patients in the IFX-naive group, with a level
of 168.8 pmol (p-value < 0.001). Additional analysis performed among IFX-naive patients
before and after receiving anti-TNF« treatment showed that ANGPTLS levels decreased
significantly from 145.06 &+ 17.93 pmol pre-treatment (week 0) to 81.78 & 10.61 pmol post-
treatment (week 24) (p-value = 0.007) (Figure 3).

300.00

250.00

200.00

150.00

ANGPTLS8 pmol

100.00

50.00

0.00

IFX-experienced group Control group

Figure 2. Levels of ANGPTLS8 (pmol) in IFX-experienced group (135.8 £ 7.5) vs. control group
(102.5 + 6.0) (p = 0.001).

Regarding the individual predictors of ANGPTLS levels, male gender (p-value < 0.001)
and use of corticosteroids (p-value < 0.001) were associated with lower levels of ANGPTLS.
However, age and BMI were not significant predictors for changes in ANGPTLS levels
(Table 2).
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Week 0 Week 24

Infliximab Therapy

Figure 3. Levels of ANGPTLS in IFX-naive patients before (168.8 +10.9) vs. after therapy
(85.9 £ 10.9).

Table 2. Generalized linear model (Poisson with log link) predicting ANGPTLS as a biomarker.

Predictor Beta SE Wald x? p-Value 95% CI for Beta
Intercept 4.824 0.064 27.88 <0.001 [3.699—4.949]
Age 0.032 0.001 2.039 0.153 [0.020-0.047]
BMI 0.024 0.002 5.010 0.025 * [0.011-0.043]
Gender .

(Male vs. Fernale) ~0.173 0.020 9.600 <0.001 [—0.212-—0.135]
Use of Corticosteroid ) g 0.040 6.924 <0.001*  [—0.308-—0.150]

(Yes vs. No)
Dependent Variable: ANGTPLS; SE: Standard Error; * Significant p-value.

4. Discussion

In this study, we explored the changes in angiopoietin-like protein 8 (ANGPTLS) levels
in patients with CD compared to healthy individuals and its response to anti-TNF« therapy.
The findings demonstrate that circulating ANGPTLS levels are significantly elevated in
patients with CD compared to healthy controls, suggesting that ANGPTL8 may play a role
in the inflammatory process, which a main characteristic of the disease. The reduction in
ANGPTLS levels following anti-TNF« treatment further supports its involvement in TNF«x-
driven pathways, making it a potential biomarker for monitoring therapeutic efficacy.

ANGPTLS has been implicated in both metabolic regulation and inflammation, two
processes closely linked in chronic diseases such as CD. Elevated ANGPTLS levels have
been associated with dysregulated lipid metabolism, as evidenced by its role in modulating
lipoprotein lipase (LPL) activity and its involvement in triglyceride metabolism [18]. Guo
et al. [19] looked at how ANGPTLS secreted from adipose tissue is associated with inflam-
mation and metabolic derangements. It was found that, in lipid metabolism, ANGPTLS8
genes are associated with apolipoprotein C3 (APOC3) genes. There remains controversy on
the subject of single nucleotide polymorphisms associated between APOC3 and ANGPTL 8
genes with regard to metabolic dysfunction-associated steatotic liver disease (MASLD) [20].
Another study [21] highlighted the link between triglyceride regulation by ANGPTL8
and its emergence as a potential novel biomarker for steatosis/steatohepatitis. This is
particularly relevant in the context of CD, where metabolic disturbances often accompany
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chronic inflammation. In our study, the elevated levels of ANGPTLS in patients with
CD could indicate that ANGPTLS is involved in metabolic dysregulation in addition to
inflammatory signaling pathways, thus expanding the pathophysiological picture of the
nature of the disease.

In addition, many previous studies showed the steady involvement of ANGPTLS in
metabolic disorders. Its levels are raised in pre-diabetes, diabetes type 1, diabetes type 2,
and insulin resistance. This is due to complex interactions with glucose metabolism, triglyc-
erides, and increases in beta cell proliferation and insulin secretion [19-25]. Furthermore,
several studies showed ANGPTLS associations with metabolic syndrome, dyslipidemia,
and metabolic-associated fatty liver disease [26-28]. Interestingly, a study showed that there
was a more significant increase in ANGPTLS levels in patients with diabetic nephropathy
compared to diabetic patients without the associated nephropathy [29]. Primary nephrotic
syndrome showed links between ANGPTLS and the development of hyperlipidemia and
proteinuria [30].

The contemporary field examining ANGPTLS levels and the cardiovascular system
has shared some similar findings. There is interest in ANGPTLS levels and their suitability
to gauge endothelial dysfunction and grade of stenosis in coronary arteries [31]. Others
aimed to see if targeting angiopoietin-like proteins can be of therapeutic benefit [32]. More
studies are assessing whether there is potential for ANGPTLS as a marker to measure long-
term risk of secondary coronary events from stabilized coronary disease build-up [33,34].
Thorin et al. [32] delved into how heart structure and vessel hypertrophy interact with
ANGPTLS levels, suggesting a protective role in certain cardiac cases and other times a
pathological role leading to unwanted hypertrophy [35,36].

The role of ANGPTLS could be more complex than initially thought. Abu-Farha
et al. [8] conducted a study indicating that ANGPTLS could have pleiotropic aspects in
metabolic tissues and in other organs. In chronic inflammatory disease states, it contributes
to the destructive process, while on other occasions it regulates metabolism and has a
defensive aspect. This seems to support the pathophysiological nature of CD, where
chronic inflammation and relapses are characteristic of the nature of the disease.

ANGPTLS has a role in metabolic and inflammatory processes, heavily interacting
with glucocorticoids in a rthythmic manner whereby ANGPTLS levels and expression
oscillate and regulate lipid metabolism. A study showed that ANGPTLS is linked to lipid
metabolism involving glucocorticoids, a cause of non-alcoholic fatty liver disease in chronic
exposure, and they demonstrated that ANGPTLS levels and expression were suppressed
with glucocorticoids through glucocorticoid receptors. After introducing mifepristone, an
anti-glucocorticoid drug, ANGPTLS expression and levels increased [37]. Considering that
a sizable number of IFX-naive patients had corticosteroids in their treatment regimen, it
would be expected that ANGPTLS levels would be suppressed before introducing anti-
TNF therapy. The significant reduction in ANGPTLS levels at 24 weeks could imply that
the average level prior to anti-TNF therapy was higher; furthermore, the lower levels at
24 weeks suggest that there was room for a more effective treatment regimen to control CD.

ANGPTLS is thought to be modulated by inflammatory cytokines and may act as
a mediator of immunometabolic changes during active inflammatory diseases. This is
supported by previous studies showing that ANGPTLS expression increases in response
to systemic inflammation [8,38]. Importantly, ANGPTLS is linked to NAFLD, insulin
resistance, and type 2 diabetes [10,39,40]. In CD, this may suggest a dual role for ANGPTLS8
as both a marker of active inflammation and an indicator of metabolic comorbidity risk and
could serve as a link between chronic inflammation and increased cardiometabolic risk.
Moreover, in our cohort, ANGPTLS levels decreased significantly following anti-TNFo
therapy in IFX-naive patients (p = 0.007), suggesting its potential as a prognostic biomarker
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for treatment response. This aligns with prior work showing that biologic therapies can
reduce systemic inflammation and improve insulin sensitivity, hence the reduction in
ANGPTLS levels [41].

Zhang et al. [38] proposed a molecular mechanism by which TNFx regulates
ANGPTLS. Activation of nuclear factor-xB (NF-«B) is mediated by TNF«, leading to
excessive inflammation. Authors demonstrated that ANGPTLS functions as a negative
feedback regulator in TNFoa-triggered cellular NF-kB activation. Additionally, Abu-Farha
et al. [8] indicated that ANGPTLS can act as a co-receptor of p62 in selective autophagy,
and this interaction is necessary for the degradation of IKKy, a key regulator of NF-kB.
Furthermore, ANGPTLS has been implicated in enhancing NF-«B signaling, particularly in
conditions of TNF« stimulation where NF-«B inhibitor was phosphorylated at a more rapid
pace. The reduction in ANGPTLS levels after anti-TNF« therapy suggests that targeting
TNFo not only suppresses NF-kB activation but may also reduce ANGPTLS levels through
mechanisms that are not fully understood.

The significant reduction in ANGPTLS levels observed after anti-TNF« therapy sug-
gests that ANGPTLS could potentially serve as a biomarker for therapeutic response in CD
patients. Traditional biomarkers such as C-reactive protein (CRP) and fecal calprotectin are
commonly used to monitor inflammation in CD. However, ANGPTLS could complement
these markers by providing additional information about both metabolic and inflamma-
tory status. As observed in our study, ANGPTLS levels were significantly elevated in
patients with CD compared to healthy controls, and ANGPTLS levels decreased following
anti-TNFo treatment. However, it is important to consider the biological plausibility and
clinical utility of these changes and whether the observed difference is sufficient to guide
clinical decision making or track treatment response. Further research is needed to validate
ANGPTLS's utility in clinical practice, but the findings from this study offer promising
evidence for its role as a biomarker in CD management.

The notable strengths of this study are that it is the first study, to our knowledge, to
describe an association between CD, anti-TNF therapy, and ANGPTLS, and one of the few
studies investigating the effect of this protein on inflammation. Additionally, it is a well-
designed observational study that controlled for several confounders, such as pregnancy,
which can have massive physiological metabolic changes.

This study is not without limitations. One such limitation is that the number and
location of subjects enlisted in the study could possibly lead to sampling bias. However, to
mitigate that, we conducted the study prospectively in multiple tertiary centers with an
extended length of the enrolment process to try to capture as many subjects as possible.
Additionally, no randomization or matching was employed during participant recruitment
in our study; however, we performed a generalized linear model (GLM) with a Poisson
distribution and a log link function to investigate variations in ANGPTLS levels based on
age, BMI, gender, and corticosteroid use. Although ANGPTLS levels showed some inter-
individual variability, this is expected given known influences such as BMI, metabolic status,
and insulin resistance [42—44]. Despite this, significant group differences and consistent
trends indicate that ANGPTLS changes are biologically meaningful and reproducible.

5. Conclusions

The elevated levels of ANGPTLS in patients with CD and their significant reduction
following anti-TNFo therapy highlight its potential involvement in the inflammatory
process. Future studies should explore the therapeutic potential of targeting ANGPTL8
in combination with anti-TNF« therapies, such as how rapidly it responds to anti-TNFo
therapy and target level reduction in relation to disease activity.
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Anti-TNFoe ~ Tumor necrosis factor antagonist

CD Crohn’s disease
CRP C-reactive protein
IFX Infliximab
References
1. Muzammil, M.A.; Fariha, F,; Patel, T.; Sohail, R.; Kumar, M.; Khan, E.; Khanam, B.; Kumar, S.; Khatri, M.; Varrassi, G.; et al.

10.

Advancements in Inflammatory Bowel Disease: A Narrative Review of Diagnostics, Management, Epidemiology, Prevalence,
Patient Outcomes, Quality of Life, and Clinical Presentation. Cureus 2023, 15, e41120. [CrossRef] [PubMed]

Feuerstein, J.D.; Cheifetz, A.S. Crohn Disease: Epidemiology, Diagnosis, and Management. Mayo Clin. Proc. 2017, 92, 1088-1103.
[CrossRef] [PubMed]

Loftus, E.V. Clinical epidemiology of inflammatory bowel disease: Incidence, prevalence, and environmental influences. Gastroen-
terology 2004, 126, 1504-1517. [CrossRef]

Alatab, S.; Sepanlou, S.G.; Ikuta, K.; Vahedi, H.; Bisignano, C.; Safiri, S.; Sadeghi, A.; Nixon, M.R.; Abdoli, A.; Abolhassani, H.;
et al. The global, regional, and national burden of inflammatory bowel disease in 195 countries and territories, 1990-2017: A
systematic analysis for the Global Burden of Disease Study 2017. Lancet Gastroenterol. Hepatol. 2020, 5, 17-30. [CrossRef]
Hussain, F,; Yanez, V.V,; Yane, M.D.; Dave, R.; Milena, R.; Al Hooti, J.; Ekasi, S.; Vargas, R.E.; Pamugo, C.; Moisés, J.; et al.
Advances in the Diagnosis and Management of Inflammatory Bowel Disease (IBD). Adv. Res. Gastroenterol. Hepatol. 2024, 20,
556045.

Ngo, B.; Farrell, C.P,; Barr, M.; Wolov, K.; Bailey, R.; Mullin, ].M.; Thornton, J.J. Tumor necrosis factor blockade for treatment of
inflammatory bowel disease: Efficacy and safety. Curr. Mol. Pharmacol. 2010, 3, 145-152. [CrossRef]

Peyrin-Biroulet, L. Anti-TNF therapy in inflammatory bowel diseases: A huge review. Minerva Gastroenterol. Dietol. 2010, 56,
233-243.

Abu-Farha, M.; Madhu, D.; Hebbar, P.; Mohammad, A.; Channanath, A.; Kavalakatt, S.; Alam-Eldin, N.; Alterki, F.; Taher, I.;
Alsmadi, O.; et al. The Proinflammatory Role of ANGPTL8 R59W Variant in Modulating Inflammation through NF-«B Signaling
Pathway under TNFa Stimulation. Cells 2023, 12, 2563. [CrossRef]

Li, Y;; Teng, C. Angiopoietin-like proteins 3, 4 and 8: Regulating lipid metabolism and providing new hope for metabolic
syndrome. . Drug Target. 2014, 22, 679-687. [CrossRef]

Abu-Farha, M.; Ghosh, A.; Al-Khairi, I.; Madiraju, S.M.; Abubaker, J.; Prentki, M. The multi-faces of Angptl8 in health and disease:
Novel functions beyond lipoprotein lipase modulation. Prog. Lipid Res. 2020, 80, 101067. [CrossRef]


https://doi.org/10.7759/cureus.41120
https://www.ncbi.nlm.nih.gov/pubmed/37519622
https://doi.org/10.1016/j.mayocp.2017.04.010
https://www.ncbi.nlm.nih.gov/pubmed/28601423
https://doi.org/10.1053/j.gastro.2004.01.063
https://doi.org/10.1016/S2468-1253(19)30333-4
https://doi.org/10.2174/1874467211003030145
https://doi.org/10.3390/cells12212563
https://doi.org/10.3109/1061186X.2014.928715
https://doi.org/10.1016/j.plipres.2020.101067

J. Clin. Med. 2025, 14, 5006 10 of 11

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Abu-Farha, M.; Abubaker, J.; Tuomilehto, ]. ANGPTLS (betatrophin) role in diabetes and metabolic diseases. Diabetes Metab. Res.
Rev. 2017, 33, €2919. [CrossRef] [PubMed]

Onalan, E.; Bozkurt, A.; Gursu, M.E; Yakar, B.; Donder, E. Role of Betatrophin and Inflammation Markers in Type 2 Diabetes
Mellitus, Prediabetes and Metabolic Syndrome. |. Coll. Physicians Surg. Pak. 2022, 32, 303-307. [PubMed]

Kersten, S. New insights into angiopoietin-like proteins in lipid metabolism and cardiovascular disease risk. Curr. Opin. Lipidol.
2019, 30, 205-211. [CrossRef]

Wang, Y.; Quagliarini, F; Gusarova, V.; Gromada, ].; Valenzuela, D.M.; Cohen, ].C.; Hobbs, H.H. Mice lacking ANGPTLS8
(Betatrophin) manifest disrupted triglyceride metabolism without impaired glucose homeostasis. Proc. Natl. Acad. Sci. USA 2013,
110, 16109-16114. [CrossRef]

Tak, PP; Firestein, G.S. NF-kB: A key role in inflammatory diseases. J. Clin. Investig. 2001, 107, 7-11. [CrossRef]

Cuschieri, S. The STROBE guidelines. Saudi J. Anaesth. 2019, 13 (Suppl. S1), S31. [CrossRef]

Daperno, M.; D'Haens, G.; Van Assche, G.; Baert, F.; Bulois, P.; Maunoury, V.; Sostegni, R.; Rocca, R.; Pera, A.; Gevers, A.; et al.
Development and validation of a new, simplified endoscopic activity score for Crohn’s disease: The SES-CD. Gastrointest. Endosc.
2004, 60, 505-512. [CrossRef]

Sylvers-Davie, K.L.; Davies, B.S.]. Regulation of lipoprotein metabolism by ANGPTL3, ANGPTL4, and ANGPTLS. Am. |. Physiol.
Endocrinol. Metab. 2021, 321, E493-E508. [CrossRef]

Guo, Q.; Cao, S.; Wang, X. Betatrophin and Insulin Resistance. Metabolites 2022, 12, 925. [CrossRef]

Pan, ].; Wang, X.; Zhang, Y.; Wang, T.; Lv, S.; Zhang, X.; Zhou, Y.; Peng, T.; Song, Y. Associations Between APOC3 and ANGPTLS8
Gene Polymorphisms With MASLD Risk and the Mediation Effect of Triglyceride on MASLD in the Chinese Population. J. Cell.
Mol. Med. 2025, 29, €70542. [CrossRef]

Abdelhameed, F.; Lagojda, L.; Kite, C.; Dallaway, A.; Mustafa, A.; Ni Than, N.; Kassi, E.; Randeva, H.S.; Kyrou, I. Circulating
angiopoietin-like protein 8 (ANGPTLS8) and steatotic liver disease related to metabolic dysfunction: An updated systematic
review and meta-analysis. Front. Endocrinol. 2025, 16, 1574842. [CrossRef] [PubMed]

Mohammedsaeed, W.; Binjawhar, D. Dyslipidemia and ANGPTLS evaluation in young females with Type 1 diabetes mellitus.
Endocrine 2024, 86, 564-573. [CrossRef] [PubMed]

Yin, Y;; Ding, X.; Peng, L.; Hou, Y,; Ling, Y.; Gu, M.; Wang, Y.; Peng, Y.; Sun, H. Increased Serum ANGPTL8 Concentrations in
Patients with Prediabetes and Type 2 Diabetes. J. Diabetes Res. 2017, 2017, 8293207. [CrossRef] [PubMed]

Hu, H,; Sun, W,; Yu, S.; Hong, X.; Qian, W.; Tang, B.; Wang, D.; Yang, L.; Wang, ].; Mao, C.; et al. Increased circulating levels of
betatrophin in newly diagnosed type 2 diabetic patients. Diabetes Care 2014, 37, 2718-2722. [CrossRef]

Chen, X.; Lu, P; He, W,; Zhang, J.; Liu, L.; Yang, Y.; Liu, Z.; Xie, J.; Shao, S.; Du, T,; et al. Circulating betatrophin levels are
increased in patients with type 2 diabetes and associated with insulin resistance. J. Clin. Endocrinol. Metab. 2015, 100, E96-E100.
[CrossRef]

Ke, Y,; Liu, S.; Zhang, Z.; Hu, J. Circulating angiopoietin-like proteins in metabolic-associated fatty liver disease: A systematic
review and meta-analysis. Lipids Health Dis. 2021, 20, 55. [CrossRef]

Abu-Farha, M; Sriraman, D.; Cherian, P.; AlKhairi, I.; Elkum, N.; Behbehani, K.; Abubaker, J. Circulating ANGPTLS8/Betatrophin
Is Increased in Obesity and Reduced after Exercise Training. PLoS ONE 2016, 11, e0147367. [CrossRef]

Pu, D; Li, L;; Yin, J; Liu, R;; Yang, G.; Liao, Y.; Wu, Q. Circulating ANGPTLS Is Associated with the Presence of Metabolic
Syndrome and Insulin Resistance in Polycystic Ovary Syndrome Young Women. Mediat. Inflamm. 2019, 2019, 6321427. [CrossRef]
Li, Y;; Liu, Q.; Kang, C.; Cui, W.; Xu, Z.; Zhong, F.; Gao, X. Serum and urine ANGPTLS expression levels are associated with
hyperlipidemia and proteinuria in primary nephrotic syndrome. BMC Nephrol. 2021, 22, 130. [CrossRef]

AlMajed, H.T.; Abu-Farha, M.; Alshawaf, E.; Devarajan, S.; Alsairafi, Z.; Elhelaly, A.; Cherian, P.; Al-Khairi, I.; Ali, H.; Jose, RM,;
et al. Increased Levels of Circulating IGFBP4 and ANGPTLS8 with a Prospective Role in Diabetic Nephropathy. Int. . Mol. Sci.
2023, 24, 14244. [CrossRef]

Fadaei, R.; Shateri, H.; DiStefano, ] K.; Moradi, N.; Mohammadi, M.; Emami, F.; Aghajani, H.; Ziamajidi, N. Higher circulating
levels of ANGPTLS are associated with body mass indeX, triglycerides, and endothelial dysfunction in patients with coronary
artery disease. Mol. Cell. Biochem. 2020, 469, 29-39. [CrossRef] [PubMed]

Thorin, E.; Labbé, P.; Lambert, M.; Mury, P.; Dagher, O.; Miquel, G.; Thorin-Trescases, N. Angiopoietin-Like Proteins: Cardio-
vascular Biology and Therapeutic Targeting for the Prevention of Cardiovascular Diseases. Can. ]. Cardiol. 2023, 39, 1736-1756.
[CrossRef] [PubMed]

Morinaga, J.; Kashiwabara, K.; Torigoe, D.; Okadome, Y.; Aizawa, K.; Uemura, K.; Kurashima, A.; Matsunaga, E.; Fukami, H;
Horiguchi, H.; et al. Plasma ANGPTLS Levels and Risk for Secondary Cardiovascular Events in Japanese Patients With Stable
Coronary Artery Disease Receiving Statin Therapy. Arterioscler. Thromb. Vasc. Biol. 2023, 43, 1549-1559. [CrossRef] [PubMed]
Jiao, X.; He, J.; Yang, Y.; Yang, S.; Li, J.; Qin, Y. Associations between circulating full-length angiopoietin-like protein 8 levels
and severity of coronary artery disease in Chinese non-diabetic patients: A case—control study. Cardiovasc. Diabetol. 2018, 17, 92.
[CrossRef]


https://doi.org/10.1002/dmrr.2919
https://www.ncbi.nlm.nih.gov/pubmed/28722798
https://www.ncbi.nlm.nih.gov/pubmed/35148580
https://doi.org/10.1097/MOL.0000000000000600
https://doi.org/10.1073/pnas.1315292110
https://doi.org/10.1172/JCI11830
https://doi.org/10.4103/sja.SJA_543_18
https://doi.org/10.1016/S0016-5107(04)01878-4
https://doi.org/10.1152/ajpendo.00195.2021
https://doi.org/10.3390/metabo12100925
https://doi.org/10.1111/jcmm.70542
https://doi.org/10.3389/fendo.2025.1574842
https://www.ncbi.nlm.nih.gov/pubmed/40276549
https://doi.org/10.1007/s12020-024-03909-x
https://www.ncbi.nlm.nih.gov/pubmed/38836992
https://doi.org/10.1155/2017/8293207
https://www.ncbi.nlm.nih.gov/pubmed/29082263
https://doi.org/10.2337/dc14-0602
https://doi.org/10.1210/jc.2014-2300
https://doi.org/10.1186/s12944-021-01481-1
https://doi.org/10.1371/journal.pone.0147367
https://doi.org/10.1155/2019/6321427
https://doi.org/10.1186/s12882-021-02350-w
https://doi.org/10.3390/ijms241814244
https://doi.org/10.1007/s11010-020-03725-7
https://www.ncbi.nlm.nih.gov/pubmed/32239421
https://doi.org/10.1016/j.cjca.2023.06.002
https://www.ncbi.nlm.nih.gov/pubmed/37295611
https://doi.org/10.1161/ATVBAHA.122.318880
https://www.ncbi.nlm.nih.gov/pubmed/37259862
https://doi.org/10.1186/s12933-018-0736-6

J. Clin. Med. 2025, 14, 5006 11 of 11

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Hu, L.; Wei, ].; Zhang, Y.; Wang, Z.; Tang, J.; Tang, J.; Gao, Y.; Zhang, X,; Li, Y.; Liu, Y.; et al. ANGPTLS is a negative regulator in
pathological cardiac hypertrophy. Cell Death Dis. 2022, 13, 621. [CrossRef]

Jiao, X.; Yu, H.; Du, Z; Li, L.; Hu, C.; Du, Y; Zhang, ].; Zhang, X.; Lv, Q.; Li, F; et al. Vascular smooth muscle cells specific deletion
of angiopoietin-like protein 8 prevents angiotensin II-promoted hypertension and cardiovascular hypertrophy. Cardiovasc. Res.
2023, 119, 1856-1868. [CrossRef]

Dang, F; Wu, R;; Wang, P.; Wu, Y,; Azam, S.; Xu, Q.; Chen, Y,; Liu, Y. Fasting and Feeding Signals Control the Oscillatory
Expression of Angptl8 to Modulate Lipid Metabolism. Sci. Rep. 2016, 6, 36926. [CrossRef]

Zhang, Y.; Guo, X.; Yan, W.; Chen, Y.; Ke, M.; Cheng, C.; Zhu, X.; Xue, W.; Zhou, Q.; Zheng, L.; et al. ANGPTLS negatively
regulates NF-«kB activation by facilitating selective autophagic degradation of IKKy. Nat. Commun. 2017, 8, 2164. [CrossRef]

Li, D.P; Huang, L.; Kan, R.R.; Meng, X.Y.; Wang, S.Y.; Zou, H.J.; Guo, YM.; Luo, P.Q.; Pan, L.M.; Xiang, Y.X,; et al. LILRB2/PirB
mediates macrophage recruitment in fibrogenesis of nonalcoholic steatohepatitis. Nat. Commun. 2023, 14, 4436. [CrossRef]
Vatner, D.F.; Goedeke, L.; Camporez, ].G.; Lyu, K.; Nasiri, A.R.; Zhang, D.; Bhanot, S.; Murray, S.F; Still, C.D.; Gerhard, G.S.; et al.
Angptl8 antisense oligonucleotide improves adipose lipid metabolism and prevents diet-induced NAFLD and hepatic insulin
resistance in rodents. Diabetologia 2018, 61, 1435-1446. [CrossRef]

Paschou, S.A.; Kothonas, F.; Lafkas, A.; Myroforidis, A.; Loi, V.; Terzi, T.; Karagianni, O.; Poulou, A.; Goumas, K.; Vryonidou,
A. Favorable Effect of Anti-TNF Therapy on Insulin Sensitivity in Nonobese, Nondiabetic Patients with Inflammatory Bowel
Disease. Int. |. Endocrinol. 2018, 2018, 6712901. [CrossRef] [PubMed]

Luo, M.; Peng, D. ANGPTLS: An Important Regulator in Metabolic Disorders. Front. Endocrinol. 2018, 9, 169. [CrossRef]
[PubMed]

Abu-Farha, M.; Abubaker, J.; Noronha, F; Al-Khairi, I.; Cherian, P.; Alarouj, M.; Bennakhi, A.; Elkum, N. Lack of associations
between betatrophin/ ANGPTLS level and C-peptide in type 2 diabetic subjects. Cardiovasc. Diabetol. 2015, 14, 112. [CrossRef]
[PubMed]

Saghafi, S.; Chamani, E.; Salmani, F; Fadaei, R.; Shafiei, E.; Moradi, N.; Tavakoli, T. Genetic predisposition to nonalcoholic fatty
liver disease: Insights from ANGPTLS gene variants in Iranian adults. Lipids Health Dis. 2023, 22, 147. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/s41419-022-05029-8
https://doi.org/10.1093/cvr/cvad089
https://doi.org/10.1038/srep36926
https://doi.org/10.1038/s41467-017-02355-w
https://doi.org/10.1038/s41467-023-40183-3
https://doi.org/10.1007/s00125-018-4579-1
https://doi.org/10.1155/2018/6712901
https://www.ncbi.nlm.nih.gov/pubmed/29576769
https://doi.org/10.3389/fendo.2018.00169
https://www.ncbi.nlm.nih.gov/pubmed/29719529
https://doi.org/10.1186/s12933-015-0277-1
https://www.ncbi.nlm.nih.gov/pubmed/26289721
https://doi.org/10.1186/s12944-023-01905-0

	Introduction 
	Materials and Methods 
	Study Design 
	Study Population and Outcome Measures 
	Blood Processing 
	Measurement of Circulating Levels of ANGPTL8 by ELISA 
	Statistical Analysis 

	Results 
	Study Demographics 
	Main Outcomes 

	Discussion 
	Conclusions 
	References

