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Abstract
Scavenger Receptor Class F Member 2 (SCARF2), also known as the Type F Scavenger Receptor Family gene, encodes for 
Scavenger Receptor Expressed by Endothelial Cells 2 (SREC-II). This protein is a crucial component of the scavenger recep-
tor family and is vital in protecting mammals from infectious diseases. Although research on SCARF2 is limited, mutations 
in this protein have been shown to cause skeletal abnormalities in both SCARF2-deficient mice and individuals with Van den 
Ende-Gupta syndrome (VDEGS), which is also associated with SCARF2 mutations. In contrast, other scavenger receptors 
have demonstrated versatile responses and have been found to aid in pathogen elimination, lipid transportation, intracel-
lular cargo transportation, and work in tandem with various coreceptors. This review will concentrate on recent progress in 
comprehending SCARF2 and the functions played by members of the Scavenger Receptor Family in pre-diagnostic diseases.

Keywords Scavenger receptor class F member 2 · SCARF2 · Cancer · Biomarker · Van den Ende–Gupta syndrome 
(VDEGS) · Glioblastoma

Introduction

SCARF 2 was initially identified in a human endothelial cell 
line and classified as a member of the scavenger receptor 
family [1]. The scavenger receptor family includes a group 
of functionally defined membrane receptors that share a 
common ability to bind and internalize modified forms of 
low-density lipoproteins (LDL) such as acetylated LDL 
(AcLDL) and oxidized LDL(OxLDL) [2, 3]. Although 
SCARF2 is special in that it does not show the expected 
binding to modified LDL [1], SCARF2 is not a prominent 

member of the scavenger receptor family or class F due to 
lacking of research. However, recently it has been found to 
play a role in pathogenesis and serve as a diagnostic marker.

Measurable indicators of biological or pathological pro-
cesses are known as biomarkers, and they are useful tools 
in disease diagnosis, monitoring, and predicting treatment 
response. Scavenger receptors (SRs) are a versatile group of 
receptors that play a vital role in many cellular processes, 
such as phagocytosis, signal transduction, antigen presen-
tation, and cell adhesion. Furthermore, SRs are involved 
in a process called efferocytosis, which clears apoptotic 
cells and debris to maintain tissue homeostasis and prevent 
inflammation. Due to their involvement in various disease 
pathologies, there is an increasing interest in utilizing SRs 
as biomarkers for these conditions.

In this article, we will present an outline of SCARF2, its 
potential for research, and the usefulness of SRs in disease 
diagnosis and monitoring.
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Scavenger receptor family

The large scavenger receptor family was first identified 
by Goldstein and Brown in 1979 [4]. The many receptors 
are classified into 12 classes (A–L) according to their 
ability to cooperate with many different coreceptors. The 
SRs exhibit flexible responses and play roles in patho-
gen elimination, lipid transportation, intracellular cargo, 
and transportation, and even serve as taste receptors [5]. 
The receptors play important roles in host defense, lipid 
metabolism, and the regulation of adaptive immunity. 
More specifically, each receptor can trigger inflamma-
tion (to control infection) or induce an anti-inflammatory 
response (depending on the conditions) [6]. Members of 
the scavenger receptor family are classified according to 
the order of discovery. The first SRs were termed scav-
enger receptor class A types I and type II (SR-AI and SR-
AII, respectively) by Krieger’s group in 1997 [7], despite 
the fact that they were first purified in 1988 [8], and later 
designated as macrophage scavenger receptor types I and 
II [9, 10]. Class B scavenger receptors, which are among 
the most extensively researched scavenger receptor 
classes alongside class A, offer protection against the det-
rimental effects of proteases. Their extracellular domains 
typically showcase N-linked glycosylation. The recep-
tor’s N and C termini are located within the cytoplasm 
and form an extracellular ring with two transmembrane 
domains. [11]. Class C is found only in invertebrates such 
as Drosophila [12]; these receptors have received little 
attention. Scavenger receptor class D has only one mem-
ber (CD68), which was previously classified into class B 
because it is very similar to the class B receptors [13]. 
CD68 is strongly expressed by immune cells including 
free monocytes, tissue-specific macrophages, and micro-
glia, but the functions of CD68 in immunity and inflam-
mation (including antigen presentation and processing) 
remain unclear [6]. There are four class E scavenger 
receptors: lectin-like oxidized LDLR (LOX-1), dectin-1, 
a mannose receptor (CD206), and the asialoglycoprotein 
receptor 1 (ASGPR1) [14]. All four class E receptors are 
type 2 transmembrane proteins with extracellular domains 
having the C-type lectin-like motifs seen in the subfamily 
of natural killer cell C-type lectin-like proteins. How-
ever, only LOX-1 and dectin-1 have been well-studied; 
they both exhibit scavenger activities [15]. The class E 
scavenger receptors are type 2 transmembrane proteins 
with C-type lectin-like domains, while the Class F recep-
tors are type 1 transmembrane proteins with epidermal 
growth factor (EGF)-like domains. The latter receptors 
are found in the endothelia of mammals and worms [13]. 
The scavenger receptor class F member 1 (SCARF1), also 

identified as scavenger receptor expressed by endothelial 
cells 1 (SREC-I)), is the most notable member recog-
nized for its involvement in the elimination of apoptotic 
cells that occur during development. [16]. The class A 
receptors account for 90% of the degradation of acetylated 
low-density lipoprotein (LDL); SCARF1 is responsible 
for 6% of this degradation [2]. SR-PSOX/CXCL16 is a 
Class G scavenger receptor that facilitates the interaction 
between DCs and CD8 + T cells, guides T cell movements 
in the splenic red pulp [17], and plays an important role 
in tumorigenic processes, side-effects, and resistance to 
anti-cancer drugs [18]. CXCL16 is thus a candidate target 
for cancer therapy. Class H members include common 
lymphatic endothelial and vascular endothelial receptor-1 
(Clever-1; also known as Stabilin-1 and FEEL-1) and the 
hyaluronan (HA) receptor for endocytosis (HARE; also 
known as Stabilin-2 and FEEL-2). Clever-1 and HARE 
affect lymphocyte adhesion, angiogenesis, transmigration, 
apoptotic cell clearance, and intracellular trafficking [14]. 
Class I has 18 members, including 4 in humans, of which 
the hemoglobin (Hb) scavenger receptor (also known as 
CD163A) was the first to be discovered; it indirectly con-
tributes to the anti-inflammatory response [14, 19]. The 
remaining members are expressed in mice (SCART2) and 
cattle (WC1-1–13) [14]. Class J includes only the recep-
tor for advanced glycation end-products (RAGE), which 
has ligand domains specific for the amyloid-β-protein, 
HMGB1, microbial PAMPs, and DAMPs [20]. In vivo 
and in vitro data have shown that HMGB1 enhances the 
proinflammatory effect of lipopolysaccharide (LPS) on 
macrophages, an effect mediated by phosphorylation 
of MAPK p38 and activation of NF-kB [21]. Class K 
contains only CD44 and the HA receptor [3]. Unlike 
HMGB1, CD44 prevents an excessive inflammatory 
response to LPS and acts as a phagocytic receptor (via 
HA signaling) [22]. The final class, i.e., class L, also has 
only two members: CD91 9 (SR-L1) and Megalin (SR-
L2). Similar to class F, the first member of class L (SR-
L1) is the most studied within its class; it is also the most 
studied among the entire LDLR gene family. Although 
SR-L1 functions uniquely as a scavenger receptor, SR-L1 
can bind over 100 diverse ligands. However, the functions 
and interactions of these ligands with coreceptors and 
signal transducers remain unknown [6].

It is important to note that the functions of SRs are 
not static and may differ depending on the cell type and 
tissue in which they are present. Some members of this 
family may even have similar functions, and their roles 
may vary under different physiological or pathological cir-
cumstances. For a detailed comprehension of the primary 
functions of all 12 classes of the scavenger receptor family, 
please consult Table 1.



343Toxicol Res. (2023) 39:341–353 

1 3

SCARF2 structure

Previous studies suggested that SCARF2, is a paralog of 
SCARF1 (35% overall homology to SCARF1, rising to 53% 
in the extracellular domain) [1, 23]. SCARF2 is encoded 
on human chromosome 22 and expressed predominantly in 

human endometrium, fat, gall bladder, kidney, lung, ovary, 
placenta, prostate, and spleen [24]. SCARF2 is a type I 
transmembrane protein (871 amino acids [aa] in length) 
encoded by 11 exons. It has a 43-aa signal peptide, 398-aa 
extracellular region, 21-aa helical transmembrane segment, 
and relatively long cytoplasmic domain (409 aa) [1, 23]. The 

Table 1  The main functions of the 12 classes of the scavenger receptor family

No. Division Name of members Main functions References

1 Scavenger receptor class A MSR1, SCARA3, 
COLEC12, SCARA5, 
MARCO

Involved in the recognition and internalization of modified low-
density lipoproteins (LDL) and other ligands, such as bacteria 
and immune complexes, to contribute to the clearance of harmful 
substances from the body and play a role in immune responses

[6, 64, 101]

2 Scavenger receptor class B CD36, SR-BI, SR-BII Involved in the selective uptake of high-density lipoprotein (HDL) 
cholesterol and recognition of a wide range of ligands, including 
oxidized LDL and thrombospondin, to play a key role in lipid 
metabolism and prevent the accumulation of excess cholesterol in 
the blood and prevent damage to the surrounding tissues

3 Scavenger receptor class C SR-C Involved in the recognition and internalization of bacteria and 
other microorganisms, as well as other ligands, to play a role in 
the innate immune response and contribute to the clearance of 
harmful substances from the body and maintain normal cellular 
function

4 Scavenger receptor class D CD68 Functions as a lysosomal transmembrane protein, playing a role in 
the phagocytosis of cellular debris and pathogens, as well as in 
the regulation of inflammation and immune responses

5 Scavenger receptor class E OLR1 Functions as a pattern recognition receptor for oxidized phospho-
lipids and plays a role in the innate immune response, promoting 
inflammation and apoptosis, and regulating foam cell formation 
and atherosclerosis

6 Scavenger receptor class F SCARF1, SCARF2, 
MEGF10

Involved in the recognition and internalization of modified lipo-
proteins, such as oxidized LDL, to contribute to the clearance 
of harmful substances from the body and maintain normal lipid 
levels in the circulation

7 Scavenger receptor class G CXCL16 Functions as a chemoattractant for immune cells, particularly 
natural killer cells and T cells, and plays a role in the regulation 
of immune responses, such as inflammation, angiogenesis, and 
tumorigenesis

8 Scavenger receptor class H STAB1, STAB2 Involved in the recognition and internalization of various ligands, 
including bacteria and immune complexes, to play a role in 
the innate immune response and contribute to the clearance of 
harmful substances from the body and maintain normal cellular 
function

9 Scavenger receptor class I CD163A, CD163B, 
CD163c-a, CD163c-b

Involved in the recognition and internalization of various ligands, 
including modified low-density lipoproteins (LDL) and other 
lipoproteins, to contribute to the clearance of harmful substances 
from the body and play a role in lipid metabolism

10 Scavenger receptor class J RAGE Functions as a pattern recognition receptor for various ligands, 
including advanced glycation end-products, high-mobility group 
box 1 protein, and amyloid-beta peptides, playing a role in the 
regulation of inflammation, oxidative stress, and cell survival in 
response to cellular damage

11 Scavenger receptor class K CD44 Functions as a cell adhesion molecule and receptor for hyaluronic 
acid and other extracellular matrix components, playing a role in 
cell-cell and cell-matrix interactions, cell migration, and the regu-
lation of immune responses, tumorigenesis, and wound healing

12 Scavenger receptor class L CD91, Megalin Play a role in the uptake and clearance of a diverse range of 
ligands, including modified low-density lipoproteins, and con-
tribute to the regulation of cholesterol homeostasis and innate 
immune response
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extracellular domain contains seven EGF-like repeats and 
the cytoplasmic domain is rich in serine, proline, glycine, 
and arginine residues. SCARF2 also contains two extracel-
lular N-glycosylation sites and several potential intracellular 
phosphorylation sites [1, 25] (Fig. 1)

Scavenging function of SCARF2

The scavenger receptor family class F (SR-F) is a group of 
transmembrane proteins found in many different cell types, 
including immune cells and cells in the cardiovascular sys-
tem. SR-F has three members: SCARF1, SCARF2, and 
Megf10 or SCARF3 (encoded by MEGF10) [26]. The sole 
purpose of the second member of the SR-F, SCARF2, is to 
serve as a brain receptor for amyloid-β protein. As a result, it 
plays a role in the development of Alzheimer’s disease. [27]. 
Although SCARF1 has been extensively studied, SCARF2 
has received little attention at either the protein or functional 
level. SCARF2 is expressed by endothelial cells and mac-
rophages but, unlike SCARF1, shows limited internalization 
of modified LDL [1, 28] and binds and degrades acetylated 
LDL (Ac-LDL) less effectively. Therefore, the homophilic 
and heterophilic interactions mediated by SCARF 2 are less 
marked than those of SCARF1 [1]. Wicker-Planquart et al. 
recently suggested that SREC-II interacted strongly with 
maleylated BSA (MalBSA; (a common ligand of SRs) via 
the extracellular domain. This domain of SCARF1 binds 

endogenous complement C1q and the calcium-binding chap-
erone calreticulin (CRT) [28].

SCARF2 mutations and diseases

Mutations in SCARF2 are associated with 22q11.2 deletion 
syndrome, which is the most common chromosomal micro-
deletion syndrome, affecting approximately 1 in every 3000 
live births [29]. Diseases associated with SCARF2 muta-
tions are very rarely seen, as the mutations tend to be fatal.

Van den Ende–Gupta syndrome (VDEGS)

The exact biological functions of SCARF2 have yet to be 
fully understood. However, uncovering these functions is 
crucial, as mutations in SCARF2 have been linked to Van 
den Ende–Gupta Syndrome (VDEGS), a rare condition first 
reported in 2010 by Anastasio et al. [23]. VDEGS inherit-
ance is autosomal-recessive, and is characterized by crani-
ofacial dysmorphism, severe mental retardation, various 
skeletal abnormalities (long and slender fingers, hooked 
clavicles, slender ribs, and bowed long bones), respiratory 
problems (associated with laryngeal abnormalities) and, 
occasionally, an enlarged cerebellum and sclerocorneal, and 
heart defects [23, 30, 31]. Known VDEGS-causing SCARF2 
mutations include homozygous missense mutations in 
exons 2, 4, and 11; a homozygous insertion in exon 11; and 
homozygous deletions in exons 4, 8, and 11 (see Table 2). A 

Fig. 1  Structure of SCARF2. 
The SCARF2 type I transmem-
brane protein has three main 
regions: (1) An extracellular 
domain (with the N-terminus) 
contains seven EGF-like 
repeats (purple pentagons) and 
several N-glycosylation sites by 
which biophysical properties 
could be modulated, thereby 
regulating protein function after 
post-translational modifica-
tion. (2) One transmembrane 
domain (red oval) penetrates the 
phospholipid bilayer (blue). 3: 
The relatively long cytoplasmic 
domain (with the C-terminus) is 
rich in serine, proline, glycine, 
and arginine residues
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heterozygous VDEGS mutation (a compound heterozygous 
SCARF2 splice site mutation combined with heterozygosity 
of the common microbiome 22q11.2) has also been reported 
[32]. The association between SCARF2 mutation and skel-
etal abnormalities was confirmed in SCARF2 knockout 
mice; the long bones were longer than normal [33, 34], mir-
roring the long metacarpals seen in humans with VDEGS. 
Homozygous knockout mice also showed decreased bone 
mineral density, erythrocyte cell expression, and hemoglobin 
levels [34]. Furthermore, homozygous knockout mice dis-
play mutations in various organs, including the chest bone, 
kidney, skin, trachea, cecum, colon, ileum, large intestine, 
small intestine, and stomach (with a frequency of 66.67%) 
and the epididymis, jejunum, testis, and vas deferens (with 
a frequency of 33.33%) [34].

Cancer

The buildup of mutated genes can result in tumors, but only 
a small percentage, approximately 10%, are responsible for 
driving carcinogenesis. SCARF2 somatic mutations have 
been identified in breast cancer (c.1495 C > T) [35] and 
pancreatic tumors (frameshift c.2239_2240insG) [36]. The 
impact of these mutations on tumorigenesis remains uncer-
tain. Nevertheless, since higher levels of SCARF2 expres-
sion have been linked to better prognosis, SCARF2 could 
be a possible diagnostic indicator and treatment target for 
treatment-resistant cancers, such as glioblastoma (GBM)
[37]. On the other hand, renal (Fig. 2A) and urothelial 
(Fig. 2B) cancers, which are generally less aggressive, may 
benefit from early detection since early diagnosis often leads 
to better treatment outcomes. Cancers can often be cured (or 
the survival rate improved) if detected prior to metastasis. 
Early diagnosis based on biomarkers such as SCARF2 is 
very important.

Table 2  SCARF2 mutations 
associated with VDEGS

SCARF2 mutation Genetic variant Protein variant Affected exon References

Homozygous missense mutation c.190T > C Cys64Arg 2 [31, 102]
c.651 C > G Cys217Trp 4 [31]
c.488G > A Cys63Tyr 4 [103]
c.773G > A Cys258Tyr 4 [23, 104]
c.2190T > C Cys64Arg 11 [102]

Homozygous insertion c.2291_2292insC Ser765LeufsTer6 11 [103]
Homozygous deletion c.438_454del17 Trp148Alafs*20 4 [30]

c.472_477del Cys158_Gln159del 4 [31]
c.1328-1329delTG V443DfsX83 8 [23]
c.2543del Gln848Argfs*95 11 [102]
c.2607_2608del Leu870Val 11 [105]

Fig. 2  mRNA levels and SCARF2 mutation-associated survival 
rates revealed by analysis of the Human Protein Atlas database. The 
Kaplan-Meier survival curve shows the overall survival rate accord-
ing to the SCARF2 expression level. a SCARF2 status is prognostic 
factor for renal cancer. b  SCARF2 status is a prognostic factor for 
urothelial cancer prognosis
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Disorders related to the brain and cardiovascular 
system

Passenger mutations are genetic alterations that do not 
contribute to disease development, while driver mutations 
drive disease progression by altering biological processes. 
SCARF2 driver mutations fall into this latter category and 
have been linked to brain-related disorders and cardiovas-
cular diseases. Fine mapping of the copy number variants 
(CNVs) of carriers suggested that SCARF2 (locus 22q11.2) 
is a driver of schizophrenia [38, 39]. A 2021 study using 
large genotyped cohorts found that SCARF2 gene Copy 
Number Variations (CNVs) on chromosome 22q11.2 were 
associated with mood disorders [40]. CNV evaluation com-
bined with next-generation sequencing (NGS) and the use 
of the eXome hidden Markov model (XHMM) allowed 
Overwater et al. to detect a deletion of the entire SCARF2 
gene (thus including 22q11.2) in a patient with hereditary, 
thoracic aortic disease [41].

The utility of scavenger receptor family 
proteins as biomarkers in human diseases

Comprising a vast and diverse array of proteins, the scaven-
ger receptor family plays a crucial role in numerous cellular 
processes, including immune response, lipid metabolism, 
and pathogen recognition. Some members of this family 
have the potential to serve as biomarkers for a range of con-
ditions and diseases, such as atherosclerosis, Alzheimer’s 
disease, and cancer. Moreover, elevated SR expression has 
also been linked to cardiovascular disease. [42, 43].

Scavenger receptor class A

Numerous studies have explored the possibility of scav-
enger receptor class A (SR-A) as a biomarker for various 
diseases. In 1998, Khoury and colleagues have identified 
SR-A as the primary receptor involved in the interaction of 
microglia with beta-amyloid fibrils. The elevated levels of 
SR-A were present in both activated microglia and senile 
plaques, which led to the production of reactive oxygen 
species (ROS), contributing to the neuronal degeneration 
and death observed in Alzheimer's disease. These findings 
suggest that SR-A could serve as a promising biomarker 
and therapeutic target for the disease [44]. In addition, 
it was also demonstrated as a biomarker of rheumatoid 
arthritis [45]. A 2008 study by Nakayama et al. found 
that patients with coronary artery disease (CAD) had sig-
nificantly higher levels of soluble SR-A in their plasma 
compared to healthy individuals. The study concluded 
that soluble SR-A could potentially serve as a biomarker 

for CAD and atherosclerosis [46]. Similarly, Ichimura 
and colleagues found that a high expression of SR-A was 
significantly associated with shorter metastasis-free and 
cancer-specific survival of upper urinary tract cancer [47]. 
Moreover, a study featured in BioMed Research Interna-
tional revealed that individuals with lung cancer displayed 
significantly elevated levels of SR-A in their serum com-
pared to healthy subjects, suggesting that SR-A could 
potentially serve as a prognostic marker for clinical stage 
I lung adenocarcinoma. [48]. However, further research is 
necessary to validate and confirm the utility of SR-A as a 
biomarker for these and other diseases.

Scavenger receptor class B

Scavenger receptor class B (SR-B) is a group of membrane 
receptors that play a crucial role in regulating lipid metabo-
lism and transport in various cells and tissues, including 
macrophages, endothelial cells, and steroidogenic cells. 
Among its many functions, SR-B can be utilized as a bio-
marker to diagnose or monitor disease progression. Notably, 
SR-B1 is integral to regulating cholesterol homeostasis and 
the development of atherosclerosis. Macrophages expressing 
elevated levels of SR-B1 have been linked to lower risk of 
cardiovascular disease [43, 49]. However, in certain types 
of cancer, such as lung, breast, ovarian, colorectal, pancre-
atic, and prostate, high levels of SR-B1 expression in cancer 
cells have been associated with increased tumor growth and 
metastasis [50–52]. Furthermore, the expression of SR-B 
at both mRNA and protein levels is linked to an unfavora-
ble prognosis for patients with GBM, suggesting that SR-B 
could be used as a biomarker to predict patient survival 
[53]. In oral squamous cell carcinoma patients, those with 
high expression of SR-B also had a lower probability of 
progression-free survival, which was 34% [54]. Addition-
ally, in the ovary, SR-B1 expressed in theca cells is critical 
for the uptake of cholesterol and its conversion into steroid 
hormones [55]. Therefore, SR-B1 expression serves as a 
useful biomarker for ovarian function. In the liver, reduced 
expression of SR-B1 has been linked to the development 
of nonalcoholic fatty liver disease (NAFLD), a condition 
characterized by the accumulation of fat in the liver [56].

Scavenger receptor class C

The effectiveness of scavenger receptor classes C as depend-
able biomarkers has not been confirmed. Further investiga-
tion is required to determine their efficacy as biomarkers and 
how their expression levels may relate to the advancement 
of the disease or response to treatment.
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Scavenger receptor class D

Expressed in various tissues such as the liver, lung, and 
brain, scavenger receptor class D (SR-D) is a receptor 
that may hold promise as a biomarker for certain diseases, 
despite being less researched than other SRs. Research has 
indicated that SR-D could play a role in the advancement 
and onset of neurodegenerative conditions, including Alz-
heimer’s disease. [57]. Additionally, elevated levels of SR-D 
in tumor samples were associated with a negative prognosis 
in several cancers, including glioblastoma, kidney renal clear 
cell carcinoma, lower-grade glioma, liver hepatocellular car-
cinoma, lung squamous cell carcinoma, thyroid carcinoma, 
and thymoma, but with a favorable prognosis in kidney chro-
mophobe [58].

Scavenger receptor class E

A cell surface receptor known as scavenger receptor class 
E (SR-E) is mainly found in macrophages and contributes 
to regulating inflammatory responses and lipid metabolism. 
Research has indicated that SR-E may play a role in the 
growth and advancement of cardiovascular disease, as evi-
denced by its upregulation in atherosclerotic plaques. [59, 
60]. Moreover, there is a suggestion that SR-E could serve as 
a promising biomarker for breast cancer since it is frequently 
overexpressed in breast cancer tissues and has been linked 
to an unfavorable prognosis. [61]. Furthermore, studies have 
shown that SR-E levels are elevated in patients with nonalco-
holic fatty liver disease (NAFLD), a condition characterized 
by the accumulation of fat in the liver that can progress to 
more severe forms of liver disease SR-E has been suggested 
as a potential biomarker for NAFLD and its associated com-
plications, as it may be involved in the pathogenesis of the 
disease [62]. In a recent study, SR-E also shows potential 
as a predictor or a regulator in non-small cell lung cancer 
(NSCLC) immunotherapy [63].

Scavenger receptor class F

Proteins belonging to the SR-F group have been discovered 
to have diverse functions in biological processes, including 
the elimination of apoptotic cells, the regulation of immune 
responses, and the identification and absorption of modified 
low-density lipoproteins (LDLs). However, the malfunction-
ing of this latter process may play a role in the progression 
of atherosclerosis, a condition characterized by the accu-
mulation of fatty deposits in the walls of arteries, which 
may increase the risk of heart disease [64, 65]. In addition 
to their role in the uptake of modified LDLs, SR-F proteins 
have also been implicated in other physiological processes, 

such as the regulation of immune response and the clearance 
of cellular debris [66, 67].

SCARF1 has attracted significant research attention 
within the SR-F group, with studies indicating that it is 
expressed in various cancer cell types, including breast, 
lung, pancreatic, and prostate cancer. In comparison to nor-
mal cells, cancer cells often exhibit increased expression 
levels of SCARF1 [68]. More specifically, Patten and col-
leagues looked at the expression of SCARF in tissue sam-
ples from patients with hepatocellular carcinoma (HCC). 
They found that SCARF1 expression was downregulated 
in HCC tumor tissues, compared to non-tumoral tissues, 
and loss of SCARF1 expression was associated with poorly 
differentiated/aggressive tumors. The authors suggest that 
SCARF1 may serve as a prognostic biomarker for HCC 
[69]. Moreover, Li et al. discovered a correlation between 
SCARF3 expression levels and IDH mutation in glioma. The 
study demonstrated that the methylation level and mRNA 
expression of MEGF10 in glioma were not only associated 
with IDH mutation, but also had a notable impact on the 
clinical prognosis of patients. Therefore, MEGF10 might 
be utilized as a promising tool for further investigation on 
the function of IDH in glioma and serve as a biomarker for 
glioma advancement [70, 71]. These studies have suggested 
that SR-F may play a role in the suppression of the immune 
response in cancer cells. This suppression is thought to 
allow cancer cells to evade recognition and destruction by 
the immune system, potentially contributing to the progres-
sion of cancer.

Scavenger receptor class G

Scavenger receptor class G (SR-G) is a chemokine protein 
that exhibits potential as a biomarker for diverse condi-
tions. For example, A 2017 study by Xing et al. revealed 
that elevated levels of SR-G were linked to increased sever-
ity of coronary atherosclerotic heart disease, implying that 
SR-G might be an advantageous biomarker for assessing the 
prognosis and advancement of the disease in patients with 
coronary heart disease. [72]. Other studies, including those 
by Lin et al. and Zhao Lin et al., have also found that SR-G 
levels are significantly elevated in patients with chronic 
kidney disease and renal injury in type 2 diabetes mellitus 
[73, 74]. These findings suggest that SR-G could serve as a 
useful biomarker for the early detection and monitoring of 
renal disease. Additionally, in hemodialysis patients, SR-G 
could be used in conjunction with C-reactive protein as 
an inflammatory biomarker [75]. Furthermore, Ayyappan 
and colleagues conducted a study in 2020 and discovered 
that the levels of SR-G were notably higher in individuals 
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with rheumatoid arthritis as compared to healthy individu-
als [76]. Nevertheless, more research is necessary to fully 
establish its potential as a biomarker and determine its clini-
cal usefulness.

Scavenger receptor class H

Scavenger receptor class H (SR-H) proteins are involved 
in various biological processes, including the clearance of 
endogenous and exogenous ligands, as well as immune cell 
trafficking and antigen presentation. SR-H proteins have 
been implicated in several diseases, including cancer, ath-
erosclerosis, and inflammatory disorders [77]. Therefore, 
some studies have suggested that SR-H proteins expression 
may be a prognostic biomarker for certain cancers, such as 
liver and lung cancer, and may also be useful in predicting 
the efficacy of certain cancer treatments [78, 79].

Scavenger receptor class I

Scavenger receptor class I (SR-I) proteins are cell surface 
receptors primarily expressed on macrophages and mono-
cytes. They are involved in the phagocytosis of apoptotic 
cells, bacteria, and other foreign particles, as well as in 
the regulation of inflammatory responses. SR-I proteins 
have been proposed as a potential biomarker for a variety 
of conditions, including cancer, infectious diseases, and 
inflammatory disorders. Notably, according to a study con-
ducted by Cheng and colleagues in 2017, high expression 
of SR-I was found to be linked with an unfavorable prog-
nosis in patients suffering from gastric cancer. The study 
suggested that SR-I may serve as a useful biomarker for 
predicting the prognosis and therapeutic target of gastric 
cancer [80]. In addition, SR-I is a prognostic predictor 
of short-term and long-term outcomes in decompensated 
cirrhosis patients. Accordingly, the addition of SR-I to the 
original clinical scoring systems improved their prognostic 
performance [81]. SR-I may be also correlated with dis-
ease severity and the disease progression in hemorrhagic 
fever with renal syndrome patients; however, the underly-
ing mechanisms should be explored further [82]. Moreo-
ver, a 2013 study by Jude et al. found that plasma levels 
of soluble SR-I were elevated in patients with rheumatoid 
arthritis and were associated with disease activity. The 
study suggested that SR-I may serve as a useful biomarker 
for monitoring disease activity and predicting treatment 
response in patients with rheumatoid arthritis [83].

Scavenger receptor class J

Scavenger receptor class J (SR-J) is a transmembrane 
receptor that is expressed on a wide range of cell types 

and is involved in various physiological and pathologi-
cal processes, including inflammation, oxidative stress, 
and tissue damage. In 2005, Emanuele et al. found that 
plasma levels of SR-I were significantly lower in patients 
with Alzheimer’s disease compared to healthy controls. 
The study suggested that soluble SR-I could be a useful 
biomarker for the early diagnosis and monitoring of Alz-
heimer’s disease [84]. An earlier study by Falcone and col-
leagues also reported that a low plasma SR-J concentration 
could be a marker for vascular disease [85]. In addition, 
the notable decrease in SR-I expression observed in mul-
tiple sclerosis patients when compared to healthy controls 
highlights the potential involvement of the SR-I axis in 
the clinical pathology of multiple sclerosis. This decrease 
in SR-I expression may lead to heightened inflammatory 
responses. The study proposes that SR-I may serve as a 
promising marker of disease severity in multiple sclerosis 
[86, 87].

Scavenger receptor class K

Scavenger receptor class K (SR-K) is a cell surface glyco-
protein that plays a pivotal role in several cellular processes, 
such as cell adhesion, migration, and signaling. Moreover, 
SR-K is known to be involved in a range of pathological 
conditions, such as inflammation, immune disorders, and 
cancer. SR-K is a versatile biomarker that has widespread 
usage in diagnosing, predicting, and treating diverse dis-
eases. Its specific expression patterns in different cell types 
and involvement in numerous signaling pathways make it 
a valuable resource for research and clinical applications. 
As a biomarker, SR-K has been extensively studied for sev-
eral cancer types, including breast, prostate, pancreatic, and 
colorectal cancer. The receptor is overexpressed in cancer 
cells and is associated with tumor progression, invasion, and 
metastasis [88]. SR-K expression is used to identify cancer 
stem cells, which are thought to be responsible for tumor 
initiation, maintenance, and resistance to therapy. SR-K is 
also used to predict the prognosis of cancer patients and to 
monitor their response to treatment [89, 90]. Furthermore, 
SR-K is expressed on the surface of many types of stem 
cells, including hematopoietic stem cells, mesenchymal stem 
cells, and neural stem cells. It is used as a biomarker for 
the identification and isolation of stem cells from different 
tissues, as well as for the characterization of their proper-
ties and differentiation potential [90]. Additional, SR-K is 
expressed on the surface of many types of immune cells and 
is involved in the recruitment and activation of leukocytes. 
It has been shown to be upregulated in inflammatory condi-
tions such as rheumatoid arthritis [91], asthma [92], and 
allergic reactions [93]. SR-K is used as a biomarker for these 
conditions, as well as a target for therapeutic intervention. 
Not only that, SR-K has also been shown to be involved in 
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the development of atherosclerosis and other cardiovascular 
diseases [94, 95]. It is expressed on the surface of vascular 
smooth muscle cells and is involved in the migration and 
proliferation of these cells. SR-K is used as a biomarker 
for the diagnosis and prognosis of these conditions, as well 
as a target for therapeutic intervention. Recent studies have 
also identified SR-K as a novel biomarker and therapeutic 
target for liver fibrosis in patients with congestive hepatopa-
thy [96].

Scavenger receptor class L

LRP-1 (low-density lipoprotein receptor-related protein 1), 
which is one of the two members of scavenger receptor class 
L (SR-L), is a transmembrane protein that participates in 
numerous physiological processes, including lipoprotein 
metabolism, extracellular matrix component clearance, and 
regulation of cell signaling. This protein is expressed in 
various cell types and tissues. Recent investigations have 
demonstrated that LRP-1 expression is markedly higher in 
NSCLC (non-small cell lung cancer) cells and can also be 
detected in extracellular vesicles released from these cells. 
Moreover, LRP-1 expression is elevated in lung cancer 
biopsy tissues and exosomes of NSCLC patients. As such, 
LRP-1 holds potential as an important tool for investigating 
the development of diagnostic and prognostic biomarkers 
for NSCLC disease [97]. LRP-2 (low-density lipoprotein 
receptor-related protein 2), the second member of scaven-
ger receptor class L, is highly expressed in the proximal 
tubules of the kidney and has been shown to play a crucial 
role in the reabsorption of several vital proteins, including 
albumin. Multiple studies have demonstrated that LRP-2 lev-
els are significantly reduced in the kidneys of patients with 
chronic kidney disease and diabetic nephropathy, indicating 
that LRP-2 may be a valuable biomarker for diagnosing and 
monitoring these conditions[98]. Besides, the LPR-2 muta-
tion signature is a potential predictor of patients’ prognosis 
after immunotherapy [99]. Furthermore, there is evidence 
suggesting that LRP-1 and LRP-2 play a role in the patho-
genesis of Alzheimer’s disease. Research has indicated that 
the expression levels of these proteins are notably reduced in 
the brain tissue of individuals affected by Alzheimer’s dis-
ease. [100]. This suggests that SR-L could be a useful bio-
marker for diagnosing and monitoring Alzheimer’s disease.

Conclusion and perspective

Overall, SCARF2 is an important target for developing 
therapeutic strategies aimed at preventing or treating car-
diovascular disease and brain-related disorders, including 
glioblastoma. However, similar to SCARF1, SCARF2 has 
many positively charged residues (potential phosphorylation 

sites) in the long cytoplasmic tail [1]; ligand binding may 
differentially affect cellular signaling. The 22q11.2 deletion 
syndrome is associated with deficiencies in several genes, 
including SCARF2, and with various human congenital mal-
formations. The role played by SCARF2 in homeostasis, 
immunity, and disease pathology should be further explored. 
Therefore, more research is needed to fully understand the 
role of this protein in various biological processes and to 
determine how they can be effectively targeted for thera-
peutic purposes.

Ongoing research is exploring the potential of SRs as 
biomarkers and imaging targets in various diseases, making 
the role of SRs in diagnostic medicine a subject of active 
investigation. It should be noted that the clinical use of bio-
markers requires rigorous validation and standardization, 
and should not replace other diagnostic tools in making 
informed decisions about patient care. The suitability of 
biomarkers, including SRs, for clinical use should be based 
on well-designed studies that consider their specificity, sen-
sitivity, and predictive value. Further investigation is needed 
to determine whether SRs meet these criteria and could be a 
valuable biomarker for disease.
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