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Fatty-acid-binding proteins (FABPs) are a class of low-molecular-weight intracellular proteins that play a role as a
transporter by binding to hydrophobic ligands, typically fatty acids, with different affinities, and are involved in the
metabolism of these fatty acids (FAs). These hydrophobic ligands include, but are not limited to, saturated fatty
acids, monounsaturated fatty acids (MUFAS), polyunsaturated fatty acids (PUFAS), eicosanoids, and other lipids.
FABPs have been shown to be important in modulating lipid metabolism, gene regulation, and signal transmission.

They have been thought of as the key mediators in the metabolic and inflammatory processes.

FABPs biomarkers overexpression

| 1. FABP1/L-FABP

L-FABP is extensively expressed in the liver (hepatocyte cytoplasm) and has been found in other tissues, like
kidneys (renal tubules and proximal tubules), intestines (enterocytes), lungs, stomach, and pancreas 2Bl | -
FABP is believed to be capable of binding two ligands concurrently via two separate binding sites (low and high

affinity); it can also bind molecules that have the potential to be cytotoxic, such as heme groups, apart from fatty
acids (2,

In a study of infants with necrotizing enterocolitis (NEC), Benkoe et al. (2014) discovered a substantial rise in
serum levels of I-FABP, L-FABP, and IL-8 (interleukin-8). Through their research, there were 15 infants with NEC
involved and they were grouped into two groups based on different treatments, namely, medical NEC and surgical
NEC. They measured the levels of I-FABP and L-FABP using ELISA and compared them with the level of IL-8 as a
proinflammatory chemokine. The study has shown that all three have the ability to detect NEC, indicating that they
could be potential biomarkers for the disease. Although the highest ratio between infants in the control group and
infants with NEC was shown by IL-8 compared to both FABPs, they concluded that IL-8 is considered to be
superior to I-FABP, its diagnostic ability is similar to L-FABP, and IL-8 is more significant as a biomarker for NEC 4,
However, the population tested in this study is still considered insufficiently representative, and further research

with a larger population is needed to support the results of this study.

Furthermore, in multiple investigations, L-FABP has been investigated as a potential biomarker for liver and kidney
injury RIBIIEIE It is thought to be a potential biomarker for acute kidney injury (AKI) L Naruse et al. (2018)
conducted a study on a population of 1273, which was divided into 224 patients with AKI and 1049 non-AKI. They
collected urine and blood samples and measured the level of L-FABP using a latex-enhanced immunoturbidimetric

assay. The results of this study reported that the combination of L-FABP and NT-proBNP measurements as the
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early detection of AKI in patients provides better prediction. However, this study has limitations because the
treatments in this study were not controlled or randomized, so the administration of different treatment strategies to
patients may affect the evaluation, and the observation of its effects on the progression of AKI in patients becomes
difficult. Nonetheless, multivariate logistic analyses performed with a variety of factors showed that this study has
good significance and validity for AKI 12, |t has also been observed that L-FABP can distinguish between AKI and
acute-on-chronic liver failure (ACLF) in cirrhotic patients. A study by Graupera et al. (2017) revealed that L-FABP
has the potential to be applied as a biomarker for detecting liver injury caused by cirrhosis, as L-FABP levels were
observed to be greater in individuals with cirrhosis compared to healthy subjects 31, Through the research
conducted by Belcher et al. (2014), testing was performed on 188 patients with cirrhosis and AKI by measuring L-
FABP and other biomarker levels. The measurement of L-FABP in the study used anti-human L-FABP antibodies
that have been developed and the ELISA method. The study concluded that L-FABP, along with three other
biomarkers (NGAL/Neutrophil gelatinase-associated lipocalin, 1L-18/Interleukin-18, and albumin), has a good and
efficient ability to differentiate patients with progressive AKI and cirrhosis. Although this study has comprehensively
observed each biomarker, it cannot standardize the treatments performed by patients, so the effect of treatment
response on biomarker levels cannot be ascertained and assessed 4. A similar study by Juanola et al. (2021)
also indicates the potential of L-FABP as a biomarker of complications for patients with decompensated cirrhosis.
This study was based on 444 patients with decompensated cirrhosis, and L-FABP measurements were performed
using the Human L-FABP ELISA kit based on plasma and urine samples. The results of the study showed that L-
FABP can predict the mortality rate and detect ACLF in patients with decompensated cirrhosis. However, there is
still a need for further studies regarding the contribution of L-FABP in the development of ACLF which was not
obtained through this study 221, Furthermore, some researchers have suggested that L-FABP could be used as a

biomarker for graft failure in kidney transplant recipients [EIi26],

L-FABP was found to be useful in detecting hepatocyte injury in individuals having a liver resection, according to
Van De Poll et al. (2007). Through this research, they studied ten patients undergoing liver resection and took
arterial blood samples before and after the operation to measure the level of L-FABP. The number of test
populations in the study is still too small to represent and strengthen the test results, but, through this study, a
hypothesis was obtained regarding the participation of L-FABP in inflammation in the intestines and liver; thus, they
concluded that L-FABP is referred to as an important biomarker in measuring patient plasma because of its role in
systemic inflammation 2. Based on the considerable increase in blood serum L-FABP levels in patients with acute
hepatocellular damage, Pelsers et al. (2002) state that L-FABP can be used as a biomarker for diagnosing acute
hepatocellular damage and sensitive liver transplant patients. The study was conducted on 21 liver transplant
recipients; the criteria of the subjects were patients who had experienced acute hepatocellular rejection several
times during the post-transplantation recovery process at the hospital. The results showed that L-FABP was as
good as, or even better than, a-GST for early detection and had a significantly high level in liver transplant patients
with acute hepatocellular damage. Although the number of patients studied was not sufficient to represent the
research results and further research is needed on this finding, this study has been a good guide in the discovery
of this hypothesis (181, According to a study by Karvellas et al. (2017), serum L-FABP levels were measured in 198
patients with APAP-ALF using ELISA. It has been reported that serum L-FABP levels rise in patients with
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acetaminophen-induced acute liver failure (APAP-ALF). Because an increase in serum L-FABP levels is related to
an increased risk of patient mortality, L-FABP is suspected of having the capacity to discriminate between survivors
and non-survivors in patients with APAP-ALF. This study is comprehensive and able to present the role and

contribution of L-FABP in APAP-ALF quite clearly, making it a strong foundation to support the research data 19,

A substantial rise in serum levels of L-FABP was found in chronic hepatitis C (CHC) patients with liver injury
compared to CHC patients without liver injury. According to Akbal et al. (2013), L-FABP had an 80% sensitivity and
100% specificity in diagnosing liver injury in CHC patients. In this study, testing was performed on 42 patients,
consisting of 20 healthy controls and 22 patients with CHC. The results showed a strong correlation between the
level of L-FABP and the level of hepatitis C virus (HCV) RNA, alanine aminotransferase, and hepatic inflammation.
However, further research on these findings is needed, especially in the case of normal alanine aminotransferase
and higher HCV RNA levels [29,

Other research has suggested that L-FABP, together with I-FABP, could be used as a marker to detect severe
abdominal injuries in patients who have suffered numerous traumas. The study discovered an increase in both
FABP levels in patients with multiple traumas compared to healthy subjects, which is associated with the severity of
abdominal injury in patients. In this study, L-FABP and I-FABP levels were measured in blood samples from 102
patients with multiple traumas and 30 healthy subjects using ELISA. Although the results of the study showed good
significance, future clinical research with a larger test population is needed to validate the potential of L-FABP and

I-FABP as detectors of severe abdominal trauma in patients 24,

| 2. FABP2/I-FABP

I-FABP is expressed in stomach and intestinal epithelial cells and can be quantified in the form of plasma (I-
FABPp) and urine (I-FABPu) @[22l |.FABP co-expresses with L-FABP and II-FABP in the small intestine but is
distributed differently. L-FABP is predominantly expressed in the proximal region, while [I-FABP is predominantly
expressed in the distal region. I-FABP, on the other hand, is distributed throughout the intestine but is most

abundant in the distal part (L. I-FABP also plays an important role in the uptake of dietary fatty acids in enterocytes
123,

As mentioned before, in a study conducted by Benkoe et al. (2014), I-FABP was revealed as one of the relevant
biomarkers for identifying NEC, and, although I-FABP has the lowest value among the three, they found the
potential of I-FABP to differentiate between infants with surgical NEC and medical NEC to be in accordance with
the increased level of I-FABP, but this increase did not reach statistical significance . However, several additional
papers have also suggested I-FABP’s potential as a biomarker for NEC. In a study by Schurink et al. (2014),
plasma I-FABP and urine I-FABP levels were evaluated in infants suspected of having NEC. In this study,
measurements and analysis of I-FABP levels were conducted on urine and plasma samples from 37 infants with
NEC using the ELISA method. The results of the study showed that both plasma I-FABP and urine I-FABP are
significantly correlated with NEC and have the potential to develop a diagnostic method for infants with suspected

NEC through the measurement of I-FABP. The study reports a strong correlation between urine I-FABP and other
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conventional NEC biomarkers such as IL-6, WBC, and lactate. They hypothesized that NEC occurs due to
ischemia of the upper villi, which leads to enterocyte damage and the subsequent release of I-FABP into the
bloodstream. This is what connects I-FABP with lactate in the early stages of NEC. The test population size is still
considered insufficient to represent and explain the participation of I-FABP in NEC onset, so further research is
needed regarding the potential of I-FABP as a biomarker for NEC 22, These findings are supported by Abdel Haie
et al. (2017), which has a similar report about this hypothesis. This study was conducted on 160 preterm neonates
who were less than 35 weeks old and weighed less than 2000 g. After the observation period, 18 of them
developed NEC (group 1), while the remaining 10 were used as healthy controls (group 2). The I-FABP levels were
measured in both groups using an ELISA kit. The results of the study showed an increase in I-FABP levels in
neonates with NEC compared to healthy neonates. This increase in I-FABP levels was found to be correlated with
the severity of NEC (stage 1, stage 2, and stage 3). Therefore, the researchers hypothesized that measuring I-
FABP could be an early detection method for neonates with NEC. The statistical analysis also indicated that serum
I-FABP has high specificity and sensitivity as a biomarker. However, the number of subjects tested was considered
relatively low, and further research with a larger sample size focusing on the ability of I-FABP to differentiate the

severity levels in neonates with NEC is needed to confirm the findings of this study [24125],

Another study by EI-Abd Ahmed et al. (2020) also supports the finding. In this study, plasma and urine |-FABP
levels were analyzed by using ELISA on 55 neonates with NEC and 23 healthy neonates as controls. Through the
study, it was reported that there is a different role between plasma I-FABP and urine |-FABP. Plasma I-FABP has
been discovered as a potential detector of surgical NEC for early diagnosis, whereas urine I-FABP has been
discovered as a marker that differentiates between Bell's stage Il and Bell's stage Ill in NEC cases. The statistical
analysis also mentioned that urine I-FABP has better specificity compared to plasma I-FABP, while both have the
same sensitivity. This study provides deeper findings regarding the potential of I-FABP as a biomarker for NEC by
conducting testing and comparing plasma and urine I-FABP in differentiating NEC stages [23. The role of I-FABP in
the pathogenicity of NEC has not been widely discussed. This could be a suggestion for further research so that
the hypothesis regarding the potential of I-FABP as a biomarker for NEC can be supported by more comprehensive

knowledge.

I-FABP has also been reported to detect intestinal ischemia based on several works of literature. Niewold et al.
(2004) discovered that I-FABP levels rose in pigs with intestinal ischemia [28. In their investigation of the
involvement of I-FABP and D-lactate in intestinal ischemia, Shi et al. (2015) discovered a significant rise of the
concentration levels of I-FABP and D-lactate. A total of 272 patients with severe abdominal pain symptoms had
their blood samples taken to measure the levels of I-FABP and D-lactate using an ELISA kit. Among these patients,
there were 39 patients diagnosed with intestinal ischemia and 233 patients who did not have ischemia. When
enterocytes are damaged, I-FABP, a low-molecular-weight intracellular protein, is found exclusively in the small
intestine and, consequently, released and circulated, resulting in a rise in I-FABP levels. The sensitivity and
specificity of I-FABP have been reported to be 90.0% and 86.7%, respectively, for the detection of acute intestinal
ischemia. Although I-FABP has the highest sensitivity compared to other biomarkers, its specificity is still lower than
that of D-lactate, which has the highest value among other biomarkers. Therefore, the application of I-FABP as a

single biomarker may not be recommended and combining it with D-lactate may provide better predictive results
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(271, Another study has found comparable results in terms of I-FABP’s potential as a biomarker for acute intestinal
ischemia, particularly in patients with small bowel ischemia. The analysis and measurement of I-FABP levels in 40
patients with symptoms of acute intestinal ischemia using an ELISA kit showed that I-FABP has a sensitivity and
specificity of 95.7% and 88%, respectively. This study concluded that I-FABP is a novel biomarker that is fast,
sensitive, specific, and cost-effective for intestinal/bowel ischemia. However, this study did not perform a
comparative analysis with other biomarkers, so the application of I-FABP as a single biomarker for early detection
and diagnosis cannot be confirmed based solely on these findings [28. Camara-Lemarroy et al. (2021) similarly
reported high serum |-FABP and D-lactate concentrations in individuals with acute ischemic stroke (AIS),
confirming 1-FABP’s potential as a promising biomarker. In this study, 61 patients with acute ischemic stroke were
tested for I-FABP levels using an ELISA kit. Among them, 20 patients had small-vessel disease, 20 patients had
cardioembolic stroke, 21 patients had atherosclerosis, and 20 healthy patients were included as controls. The
study considered the factors causing acute ischemic stroke as testing variations and hypothesized the possibility of
intestinal mucosa/barrier damage in patients with acute ischemic stroke. However, this study has not been able to
directly prove the occurrence of intestinal injury in patients with acute ischemic stroke. Therefore, further research
with a larger number of test subjects is needed to validate these findings and investigate the mechanisms and

correlation of I-FABP with acute ischemic stroke clinically 22,

A study by Vermeulen et al. (2012) also discovered that I-FABP has the potential to be applied as an early
detection biomarker for intestinal necrosis in post-aortic surgery patients by measuring the circulating level of I-
FABP. The testing in this study involved 96 patients who had undergone aortic surgery, classified into three groups:
OR-TAA(A) (open repair of a thoracic or thoracoabdominal aortic aneurysm), AAA (open infrarenal or juxtarenal
abdominal aortic aneurysm repair), and EVAR (endovascular aneurysm repair) with 55, 25, and 16 patients,
respectively. The I-FABP level measurement was performed using an ELISA kit. The measurement results showed
the potential of I-FABP in detecting intestinal injury in patients with open aortic repair, and no intestinal injury was
detected in patients with EVAR. Further research with a larger population of patients is needed to test the ability of
I-FABP to detect lethal postoperative intestinal injury to confirm the hypothesis in this study B9, Another finding
from Relja et al. (2010) also reported that I-FABP has the potential to be used as a marker for severe abdominal

injury along with L-FABP, as previously mentioned (21,

| 3. FABP3/H-FABP

H-FABP is broadly expressed in numerous organs such as the brain, lungs, testis, and renal cortex. However, it is
mainly expressed in skeletal muscle and the heart [IB132] \When there is muscle injury, H-FABP is involved in the
transfer and metabolism of fatty acids and will be released into the circulation at the site of injury BLIE233] H-FABP
is a small protein that regulates myocardial fatty acid metabolism, which is expressed in cardiomyocytes. Its
expression concentration increases in acute ischemic stroke and acute myocardial injury (MI) conditions [24l.
Additionally, H-FABP is exclusively expressed in neurons. While H-FABP is hardly noticeable in the brain during

embryonic development, its expression increases gradually from birth until it reaches adulthood 52,
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H-FABP has been associated with patients with chest pain, as mentioned in several studies. Bivona et al. (2018)
conducted research on H-FABP and found that it can be used as a novel marker for acute coronary syndrome
(ACS). A study found that individuals with acute coronary syndrome (ACS) had considerably greater levels of H-
FABP expression than healthy controls. According to the study, H-FABP has the capacity to predict the risk of major
adverse cardiovascular events (MACESs) in ACS patients 24, Reddy et al. (2016) reported similar findings; through
their study involving 88 patients with ACS and non-ACS, H-FABP had better sensitivity while its specificity was
lower than hs-TropT. Therefore, the combination of hs-TropT and H-FABP can provide a more precise prediction for
ACS than their separate use 28],

H-FABP is also referred to as a novel marker for the early detection of myocardial infarction. Collinson et al. (2014)
compared the diagnostic accuracy between H-FABP and troponin for patients with myocardial infarction and they
discovered that H-FABP can be used as a marker for diagnosing myocardial infarction. However, cardiac troponin
is considered a better marker in terms of sensitivity. Combining both markers is believed to optimize the diagnostic
method for myocardial infarction for patients with symptoms, such as chest pain. This study involved 850
randomized patients, and, after testing, 68 of them were diagnosed with myocardial infarction. The test results
reported that the detection ability of H-FABP is lower than troponin, but the combination of both can increase
diagnostic sensitivity. Therefore, H-FABP is not recommended as a single biomarker because its specificity is lower
than that of troponin. Nevertheless, this study has reported comprehensive findings on the potential of H-FABP as
a myocardial infarction biomarker, and the test subject scale is sufficient to represent the reported findings BZ. This
statement is supported by Vupputuri et al. (2015), which reported that H-FABP is a biomarker with high sensitivity
and has the potential to be developed for the acute myocardial injury (AMI) early detection biomarker and can even
be used for patients with unstable angina. This study involved 54 patients with acute chest pain by measuring the
level of H-FABP and other biomarkers using a latex-enhanced immunoturbidimetric assay. The test results showed
that H-FABP has a greater sensitivity compared to other biomarkers, making it a better choice for early detection.
Therefore, combining H-FABP as the early detection biomarker and cardiac troponin as the late detection marker

can potentially develop an optimal method for diagnosing myocardial injury 81,

Pyati et al. (2015) stated that H-FABP can be applied as the early detector of myocardial injury and is even
considered a better early detector for acute myocardial injury due to its sensitivity and specificity in patients with
chest pain within 3—6 h of symptom onset compared to CK-MB and myoglobin. This study involved 40 patients with
AMI and 40 healthy controls, with CK-MB, myoglobin, and H-FABP levels measured using immunoturbidimetric,
immunoinhibition, and chemiluminescence immunoassay methods, respectively. The test results showed that H-
FABP had the highest PPV (positive predictive value), NPV (negative predictive value), specificity, and sensitivity
compared to the other two biomarkers in detecting patients with AMI. Although this study has provided significant
data and comprehensive methods, the number of patients tested is considered insufficient. Further testing with a
larger sample size will be able to confirm the findings of this study B2. Agnello et al. (2017) also reported that H-
FABP can detect chest pain in patients more sensitively within one hour of symptom onset compared to cardiac
troponin. This study involved 28 patients with AMI and 28 patients with non-AMI who experienced chest pain within
an hour of the onset of pain. The measurement of H-FABP and hs-Tnl (cardiac troponin) in the patient’s blood

samples was performed using an immunoturbidimetric assay. However, the specificity of H-FABP is still lower than
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hs-Tnl. Therefore, the application of H-FABP as a single marker is still considered inadequate. In addition, this
study used a very small sample size, so the validity of these findings cannot be confirmed until further testing is
conducted with a more sufficient population size. Nevertheless, the ability of H-FABP to detect AMI in patients with
chest pain within an hour is a great potential that can prevent fatal conditions from occurring in patients and provide
an opportunity for faster treatment if the development of H-FABP as a biomarker can be further studied 29, In
addition, H-FABP is also mentioned as a novel biomarker that has the ability to predict the diagnosis and prognosis
of peripheral arterial disease (PAD), by measuring H-FABP and other biomarkers in 1200 patients with PAD and
non-PAD using ELISA. The test results reported that H-FABP and N-terminal pro-B-type natriuretic peptide have
the best predictive ability among other biomarkers. H-FABP is strongly associated with the severity of PAD and
shows the strongest correlation with PAD and CLI (critical limb ischemia) with sensitivity and specificity values of
91% and 100%, respectively 4. This is due to its high expression in PAD patients with a history of coronary
arterial disease (CAD) or diabetes mellitus, as H-FABP is released and circulates when skeletal muscle injury

occurs 421,

In addition to its potential as a biomarker for myocardial injury and peripheral arterial disease, H-FABP is also being
studied as a novel biomarker for Alzheimer’s disease (AD). Guo et al. (2013) found that combining H-FABP and
VEGF in cerebrospinal fluid (CSF) with previously discovered markers, namely, AB;i_4o, tTau, and pTau;g;, iS an
optimal early diagnostic method for AD. The study involved 149 patients with mild cognitive impairment (MCI), 69
patients with AD dementia, and 92 controls. The test results showed that H-FABP and VEGF (vascular endothelial
growth factor) were able to detect AD dementia, and H-FABP was said to be capable of predicting the progression
of MCl into AD in patients, but the specificity and sensitivity of FABP were lower than those of VEGF. They reported
that optimal detection was achieved when H-FABP and VEGF were combined with the three established markers,
resulting in an increase in specificity and sensitivity to 86% and 83%, respectively. This study did not analyze the
relationship between H-FABP and VEGF and cardiovascular risk in AD patients. Further research to analyze the
impact of cardiovascular risk on AD patients may be needed to better understand the correlation between H-FABP
and AD pathology 48], Sepe et al. (2018) also reported that H-FABP is related to the accumulation pathway of a-
Syn and the deregulation of dopaminergic pathways in synucleinopathy, and found that the expression level of H-
FABP is associated with a-Syn aggregation in synucleinopathy 4. However, this mechanism is still not clearly

understood and requires further research.
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