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Abstract
Lipocalin 2 (Lcn2), also known as neutrophil gelatinase–associated lipocalin, is an innate immune protein encoded by the 
LCN2 gene. In this study, we investigated various roles and functions of Lcn2 characterized in a systems-based format and 
evaluated its therapeutic potentials and clinical relevance for diagnosis and prognosis. An additional systematic presenta-
tion was presented for 70 ongoing clinical trials utilizing Lcn2 in the diagnostic and prognostic setting as a key outcome 
measure. With trials being conducted through December 2030, Lcn2 will become all the more relevant given its associations 
with diseases as a prognostic biomarker. Data also suggests that it plays a role in pathological conditions. The gaps in our 
understanding of Lcn2, once filled, may improve the immune mediation of acute and chronic disease.
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Introduction

Lipocalin 2 (Lcn2), an innate immune protein also known 
as neutrophil gelatinase–associated lipocalin (NGAL), is 
encoded by the LCN2 gene. Lcn2 was initially identified in 
1989 by identification of its messenger RNA named 24p3 
in simian virus 40 (SV-40)–infected kidney cells of mouse 
models [1]. It was originally named neutrophil-gelatinase-
associated lipocalin (NGAL) as it was first isolated in 
neutrophil granules of humans [2]. It is a member of the 
lipocalin protein family that is a group of diverse proteins 
with a complex β-barrel 3D structure forming an enclosing 
calyx [3]. The flexible structure also contains a hydrophobic 
pocket allowing the Lcn2 protein to carry out key functions 

in cell regulation, proliferation, and differentiation [4]. It is 
a 25-kDa glycoprotein with key expression in bodily fluids 
and tissues and is protease-resistant due to its complex for-
mation with matrix metalloprotease-9 (MMP-9) in human 
neutrophils [5, 6]. The release of Lcn2 is strongly upregu-
lated during inflammation by epithelial cells, and it is also 
released by epithelial cells, macrophages, hepatocytes, and 
adipocytes. It transports small hydrophobic molecules such 
as lipids, steroid hormones, and retinoids [7].

As an organic chelator of iron, Lcn2 limits bacterial 
growth by sequestering iron-containing siderophores [8, 9]. 
This promotes the bacteriostatic action potential of Lcn2 
by depriving the bacteria of their nutrition and inhibiting 
their growth [8]. Due to its high affinity to iron, it acts as a 
regulator of iron-responsive genes [6]. The strong affinity of 
Lcn2 for iron is also evident in its effects on human proteins 
including norepinephrine [6]. Previous studies conducted 
on mice have reported increased susceptibility to bacte-
rial infections following a lack of the LCN2 gene. Other 
functions of the Lcn2 protein include the moderation of the 
immune and inflammatory response, induction of apoptosis, 
and maintenance of skin homeostasis and insulin sensitivity 
[10–13]. The Lcn2 protein, measured in blood, urine, and 
feces, also serves as a significant biomarker during inflam-
mation, ischemia, infection, and acute kidney injury [14, 15]. 
In this study, we investigated various roles and functions 
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of Lcn2 and evaluated its therapeutic potential and clinical 
relevance as a diagnostic and prognostic marker.

Methodology

A literature review was conducted to report existing evi-
dence of lipocalin. This was divided into different systems 
including (i) inflammatory mediation and iron homeostasis, 
(ii) malignancy, (iii) kidneys, (iv) gastrointestinal tract, (v) 
biomarker potential, (vi) other potential functions, and (vii) 
therapeutic potential. To identify and include the studies in 
the literature review portion, a search was conducted in the 
PubMed database and the Google Scholar search engine. 
The keywords used in this study are found in Table 1. The 
findings were discussed based on the aforementioned sys-
tems in a literature-based scoping format.

In the inclusion of ongoing clinical trials of lipocalin 
2, a systematic strategy was adopted as recommended by 
PRISMA Statement 2020 guidelines. A search was con-
ducted on ClinicalTrials.Gov where public and privately 
funded clinical trials are stored. A search of the World 
Health Organization’s International Clinical Trials Registry 
Platform was also conducted until November 20, 2022. A 
total of 232 records were located, of which 94 were reviewed 
in full. Of these, 70 records were added to this review, post-
reviewed by two mid-career researchers (Z.S. and A.S.). No 
limitations were made for the gender or age groups of the 
included participants in the clinical trials. Disagreements 
of the tabulations during the systematic review inclusion 
phase were resolved through active consensus. The extrac-
tion was led by all researchers. The findings of all records 
were tabulated under the following headings: NCT num-
ber, Title, Current status, Target conditions, Interventions, 
Outcome measures, Enrollment, Funded by, Study type, 
Study designs, Completion date, and Locations. During the 

inclusion phase, the inter-reviewer kappa score was 0.915 
suggesting excellent agreement between the reviewers.

Lcn2 as a modulator of inflammation 
and iron homeostasis

Lcn2 is a critical regulator of iron homeostasis during physi-
ological and inflammatory processes. The role of Lcn2 as 
an inhibitor of bacterial growth has been well established, 
and it is able to prevent the bacteria from acquiring iron. 
Many acute-phase reactants have been identified including 
C-reactive protein, serum amyloid A, ferritin, and hepci-
din, and they have effects on the ongoing inflammatory 
process. Recently, Lcn2 was identified and is observed to 
regulate host responses to inflammation by maintaining iron 
homeostasis. Lcn2 does not bind to iron directly and instead 
forms a ternary complex with it along with a siderophore 
serving as a cofactor. Siderophores have a high affinity for 
insoluble ferric irons and are classified into chemical groups 
namely catecholates, carboxylates, and hydroxamates. Lcn2 
is not able to sequester hydroxamates, but it is able to bind 
to the other two chemical groups of siderophores [13]. 
All microbes except Lactobacillus and Borrelia spp. [16] 
require iron for maintaining growth in their hosts. The role 
of Lcn2 as a binder of catecholate- and carboxylate-type 
siderophores promotes nutritional immunity against iron-
dependent microbes in humans.

Inflammatory bowel disease

The role of Lcn2 has been observed in the innate immune 
response, but its mechanisms of action in intestinal inflam-
mation are less known. The underlying pathophysiol-
ogy of inflammatory bowel disease has been correlated 
with increased expression of Lcn2, but its role has not 
been explored until recently [5]. Janas et  al. identified 

Table 1  Keywords used for the literature review

Lipocalin 2 lipocalin 2: “lipocalin-2”[MeSH Terms] OR “lipocalin-2”[All Fields] OR “lipocalin 2”[All Fields]
Inflammatory “inflammatories”[All Fields] OR “inflammatory”[All Fields]
Iron, homeostasis “iron”[MeSH Terms] OR “iron”[All Fields]

“homoeostasis”[All Fields] OR “homeostasis”[MeSH Terms] OR “homeostasis”[All Fields]
Malignancy “malign”[All Fields] OR “malignance”[All Fields] OR “malignances”[All Fields] OR “malignant”[All Fields] OR 

“malignants”[All Fields] OR “malignities”[All Fields] OR “malignity”[All Fields] OR “malignization”[All Fields] OR 
“malignized”[All Fields] OR “maligns”[All Fields] OR “neoplasms”[MeSH Terms] OR “neoplasms”[All Fields] OR 
“malignancies”[All Fields] OR “malignancy”[All Fields]

Kidney “kidney”[MeSH Terms] OR “kidney”[All Fields] OR “kidneys”[All Fields] OR “kidney's”[All Fields]
Gastrointestinal “digestive system”[MeSH Terms] OR (“digestive”[All Fields] AND “system”[All Fields]) OR “digestive system”[All Fields] 

OR “gastrointestinal”[All Fields] OR “gastrointestinally”[All Fields] OR “gastrointestine”[All Fields]
Biomarker “biomarker's”[All Fields] OR “biomarkers”[MeSH Terms] OR “biomarkers”[All Fields] OR “biomarker”[All Fields]
Therapeutic “therapeutical”[All Fields] OR “therapeutically”[All Fields] OR “therapeuticals”[All Fields] OR “therapeutics”[MeSH 

Terms] OR “therapeutics”[All Fields] OR “therapeutic”[All Fields]
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the elevation of serum NGAL in children presenting with 
inflammatory bowel disease (IBD) [5]. Mouse models of 
inflammatory bowel disease (IBD) have ascertained the role 
of Lcn2 during intestinal inflammation and gut bacterial dys-
biosis. Mouse models were observed for Lcn2 expression in 
murine colitis models and during microbiota ablation/resto-
ration. Lcn2 was induced during inflammation, and it was 
due to the presence of gut microbiota and MyD88 signaling 
[17]. The activation of toll-like receptors (TLRs) is carried 
out by bacterial products, and it results in the subsequent 
encoding of genetic products specifically aimed to promote 
host defenses. The intestine consists of a wide range of com-
mensal bacteria, and the role of TLRs may not be limited 
to that of an on/off switch. Flagellin receptor TLR5 plays 
a critical role in protecting the enteric microbiota. Vijay-
Kumar et al. (2007) conducted a study where mice lacking 
TLR5 developed spontaneous colitis, but the subsequent 
deletion of TLR4 served as a protective mechanism. In 
instances where both TLR4 and TLR5 were deleted, bacte-
rial loads were high in the colon but there were no elevated 
laboratory markers or clinical evidence of colitis [18]. The 
findings suggest the correlation of innate immune deficiency 
with higher incidences of inflammatory bowel disease [18]. 
Higher serum Lcn2 levels were also observed in mice with 
elevated serum amyloid A (SAA), an acute-phase marker 
representing the degree of intestinal inflammation in both 
mice and humans [18–20].

Malignancy

In the past few decades, Lcn2 has gained prominence for its 
role as a potential biomarker and modulator of malignancy. 
Its ability to serve as an intracellular iron carrier and pro-
tector of MMP-9 from proteolytic degradation allows it to 
serve contradictory functions in malignant cells. Elevated 
Lcn2 levels have been observed in multiple epithelial tumors 
including ovarian tumors [21]. Lcn2 is also over-expressed 
in other tumors and functions by inhibiting apoptosis in 
thyroid cancer–infected cells, modulating invasiveness 
and angiogenesis in pancreatic cancer cells, and increasing 
invasiveness in breast and colorectal cancer [22]. Chronic 
inflammation has been identified as a risk factor for the 
development of epithelial-derived malignancies (Bower 
et al., 2005). Clinical oncology is paying close attention to 
the potential roles of Lcn2 as a diagnostic and prognostic 
biomarker for early diagnosis and response to treatments 
[23].

Breast cancer

Lcn2 levels in plasma and urine are consistently elevated 
in invasive breast cancer. The functions of Lcn2 in breast 

cancer progression are observed by its actions on mesenchy-
mal markers. The protein elevates vimentin and fibronectin 
while downregulating the epithelial marker E-cadherin. As a 
result, the cell motility and invasiveness are increased lead-
ing to an epithelial-to-mesenchymal transition (EMT). Con-
trarily, the silencing of Lcn2 in invasive breast cancer results 
in reduced invasiveness. Lcn2 also reduces the expression 
of estrogen receptor (ER) α and increases the expression of 
Slug, the primary transcription factor responsible for EMT 
[22]. Inhibition of Lcn2 prevents breast tumorigenesis and 
invasion as observed in mouse models. Without Lcn2, mice 
had delayed the formation of mammary tumors and invasion 
as well as a reduced migration ability of Her2 + cells [24].

Thyroid cancer

NF-κB is activated in tumors of thyroid origin, especially 
those of anaplastic origin, and blockade of its activity leads 
to an increased susceptibility of thyroid cancer cells to 
undergo chemotherapy-induced apoptosis in mice models. 
Proteomic analysis allowed Lcn2 identification, and it is 
secreted by the anaplastic thyroid cancer cell line, FRO cells. 
Owing to Lcn2’s ability to bind to and transport intra-cellu-
lar iron, NF-κB works in conjugation with Lcn2 and worsens 
the prognosis of thyroid cancers of anaplastic origin [25].

Gastric cancer

High levels of MMP-2, MMP-9, and Lcn2 have been iden-
tified in human gastric cancers. Sampieri et al. identified 
elevated levels of MMP-9 mRNA levels as well as Lcn2-
MMP-9 complexes in gastric cancer cells. This has clinical 
importance since Lcn2 prevents the degradation of MMP-9 
when combined. However, further studies are required to 
ascertain the role of Lcn2 in gastric cancers [26].

Pancreatic cancer

Lcn2 is being reviewed for its potential as a biomarker in 
pancreatic cancer, suggesting its role in early diagnosis. 
Moniaux et al. reported a 27-fold increase of Lcn2 in pan-
creatic cancer cells [27]. While Lcn2 levels were markedly 
elevated in pancreatic cancer, they were also higher than 
normal in pancreatitis. Lcn2 levels may be used to detect 
the early stages of pancreatic cancer, and it may be possible 
to use Lcn2 as a biomarker in pancreatitis [27]. Recently, 
Tong et al. observed the function of Lcn2 in mouse mod-
els of pancreatic cancer since it is poorly understood [28]. 
Lcn2 plays a significant role by partly reducing adhesion and 
invasion via suppression of FAK activation. It also inhibits 
angiogenesis by reducing levels of VEGF in pancreatic can-
cer cells [28].
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Colorectal cancer

Neoplastic disorders of colorectal origin also affect the 
barrier function of the mucosa which disrupts intestinal 
bacterial homeostasis. Lcn2’s ability to bind to bacterial 
formyl peptides allows it to scavenge bacterial products. 
Its mechanisms of action were replicated using mRNA 
in situ hybridization and immunohistochemistry in both 
inflammatory and neoplastic diseases and healthy colon by 
Nielson et al. in 1996 [29]. The study reported high lev-
els of epithelial-derived Lcn2 in the inflammatory regions 
of the colonic epithelium in benign, pre-malignant, and 
malignant conditions. Lcn2 was especially abundant in 
the transitional mucosa and in the superficial ulcerated 
regions. However, Lcn2 was not present in the adjacent 
lymph nodes and the normal colon only had traces of the 
anti-inflammatory protein.

Ovarian epithelial cancer

Ovarian cancer is the fifth leading cause of death in 
women and is the most common gynecological cancer. If 
diagnosed early, ovarian cancer has a 90% 5-year survival 
rate, and over 90% of ovarian malignancies are of epithe-
lial origin [30][30]. While the focus of serum marker use 
has been on CA-125, Lcn2 was detected in human ovar-
ian surface epithelial (HOSE) cells indicating its potential 
application as a serological marker [32]. Neutrophil counts 
are significantly higher in tumors of ovarian origin [33]. It 
is reasonable to correlate Lcn2 expression upregulation in 
pre-malignant stages owing to the underlying inflamma-
tory process. Cho et al. noted that while healthy ovarian 
cells were negative for Lcn2 expression, immunoreactiv-
ity was observed in tumor cells with evidence of elevated 
Lcn2 mRNA expression in the cancer cell lines [21, 32]. 
Lcn2 expression reflects the extent of epithelial differentia-
tion and is lost once tumor differentiation is poor in later 
stages [21].

Kidneys

Acute kidney injury

Acute kidney injury (AKI) leads to a sudden decline in kid-
ney function owing to injury and is followed by functional 
and structural alterations. Lcn2 has recently been discovered 
as a novel acute-phase biomarker released in acute kidney 
injury [23, 34]. To determine the risk of developing AKI in 
kidney transplant recipients, the cut-off for urinary NGAL 
that was observed at 2 h was 204 ng/mL [35].

Chronic kidney disease

The underlying pathophysiology of chronic kidney disease 
(CKD) has not been entirely established. Recent studies have 
explored the predictability of the Lcn2 protein during the 
progression of CKD. As the number of functional nephrons 
decreases, there is a compensatory growth of the functional 
nephrons owing to ensuing molecular and cellular events 
[36]. However, the compensatory growth may result in the 
development of pathological renal lesions and progression 
to end-stage renal failure. Many complications occur includ-
ing fibrosis of the tubulo-interstitium as a consequence of 
tubular atrophy, and it compromises the renal erythropoi-
etin capacity leading to anemia [37]. Experimental models 
of CKD incorporate the evolutionary mechanisms of the 
disease by mimicking renal deterioration. The pathways 
discovered by the experimental models led to the thera-
peutic discovery of widely used renal-angiotensin inhibi-
tors [38]. These experimental models are now being used to 
ascertain the role of the Lcn2 gene in CKD and other renal 
pathologies.

Induction of Lcn2 by mRNA

The remnant kidney model (RKM) was used in rats and 
mice to establish evidence of genetic factors in the progres-
sion of CKD [39]. Maximal transcriptional induction was 
conducted using downregulated mRNAs (38%) in mouse 
strains to record the profiling of gene expression using the 
RKM. The study conducted by Viau et al. was able to cor-
relate Lcn2 with lesion progression in CKD in both mice 
and humans [40]. Using real-time PCR, Lcn2 mRNA and 
protein were observed to rise by tenfold in 2 months fol-
lowing the reduction of nephrons in mice. The surplus of 
burden represented by Lcn2 was in the proximal convoluted 
tubules, and some of the proteins and mRNA were isolated 
in the renal ascending loop of Henle and collecting ducts. On 
microscopic examination, Lcn2 was isolated in cytoplasmic 
granules in the subapical zone indicative of its glomerular 
infiltrate origin. The proximal epithelial cells dilated owing 
to the ongoing disease process, and the cystic transformation 
contained in situ Lcn2 and antibodies against Lcn2, provid-
ing evidence for endocytosis of Lcn2 and subsequent local 
synthesis and secretion in the kidneys. The levels of Lcn2 
mRNA identified in the kidneys were in direct proportion to 
the intensity of ongoing tubular damage [40].

Disease severity and progression

Bolignano et al. established the independent and inverse 
association of urinary and serum Lcn2 with the progression 
of CKD thereby identifying its contribution as a risk marker 
for progression [23]. Lcn2 has been observed to provide 
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real-time detection of kidney damage in mouse models, and 
the urinary protein biomarker is able to reveal the onset and 
resolution of kidney injury [41]. It also serves as an excellent 
diagnostic marker for IgA nephropathy, the most common 
presentation of glomerulonephritis [42]. Lcn2 is one of the 
most promising biomarkers for acute kidney injury (AKI), 
and it may be isolated in both urine and plasma. AKI may 
occur in the intensive care unit, as well as during kidney 
damage. Lcn2 is also able to identify sub-clinical AKI in the 
absence of elevated serum creatinine [43]. Lcn2 upregula-
tion observed late after AKI has been linked with progres-
sion to CKD [44].

Gastro‑intestinal tract

Gut‑origin sepsis

Lcn2 serves as an anti-inflammatory in the intestinal tract 
and regulates the composition of the gut microbiota. It plays 
a key role in the pathogenesis of sepsis by providing protec-
tion to the gut barrier against injury. It maintains home-
ostasis of the microbiota and exerts antioxidant stress. It 
also promotes the deactivation of macrophages and induces 
immune cell apoptosis to terminate systemic hyper-inflam-
mation. Sepsis has been a key concern in the field of criti-
cal care, and the World Health Organization recognized the 
condition as a global health priority in 2017 [45]. Sepsis was 
re-defined as a life-threatening condition accompanied by 
organ dysfunction and caused by a dysfunctional response 
to infection by the host [46]. The gut comprises the epithe-
lium, immune system, and microbiome—all of which are 
impacted in critically ill patients and are likely to propa-
gate an ongoing pathology in these patients [47]. Gut-origin 
sepsis is understood by the analogy of the gut acting as the 
“motor” component in patients with systemic inflammatory 
response syndrome (SIRS) and/or multiple organ dysfunc-
tion syndromes (MODS) [47, 48].

Gut‑specific functions of Lcn2

Major protective mechanisms are present in the gut during 
gut-origin sepsis including (1) restoration of the microbiota 
homeostasis by promoting decontamination of selective 
regions in the gut as well as the use of probiotics and (2) 
protection of the intestinal barrier by providing antioxidants, 
enteral nutrition, and immune nutrition [49]. Overgrowth 
of the pathological gut microbiome is termed “dysbiosis.” 
Lcn2-negative mice demonstrated higher levels of gut bacte-
rial dysbiosis with the major burden of the dysbiosis carried 
out by gram-negative bacteria. Conversely, germ-free mice 
had low levels of serum and fecal Lcn2. The levels were 
increased when contents from the cecum were injected via 

oral gavage from wild mice. Singh et al. suggest the impor-
tance of Lcn2 as a microbiota inducer, and it may serve as 
a pre-requisite for intestinal homeostasis [17]. Lcn2 is bac-
teriostatic against Escherichia coli owing to its affinity for 
catecholate-type siderophores as observed in mouse models 
[50]. Lcn2 is released by neutrophils and epithelial cells, 
and it facilitates bacteriostasis by recruiting neutrophils in 
a paracrine as well as autocrine manner [51]. Resistance 
has been observed by bacteria against Lcn2 owing to resist-
ance siderophores [52]. The anti-oxidant effects of Lcn2 
have been observed in vitro against  H2O2 toxicity [53]. This 
allows Lcn2 to protect the intestinal barrier against oxida-
tive stress and reduce the impact of intestinal barrier injury 
during sepsis. Lcn2 acts as an inflammatory modulator to 
prevent the further release of pro-inflammatory cytokines 
by enhancing phagocytic bacterial clearance in macrophages 
[54].

Biomarker potential

Lcn2 is being investigated as a diagnostic and prognostic 
marker in a wide range of diseases including inflammatory 
and neoplastic conditions [6]. In children, early detection 
of acute kidney injury (AKI) is established by measuring 
urinary NGAL in the first 6 h following admission and a 
cut-off of 50 mg/dL serves as optimal [55]. The definitions 
of AKI depend on the elevation of serum creatinine, but 
serum and urinary NGAL are reported to have higher sen-
sitivity. In healthy children, differences in urinary NGAL 
were observed to be determined by sex or ethnicity. Females 
were reported to have consistently higher levels of NGAL 
than males [56].

Low-grade inflammation due to a wide range of disor-
ders including cancer may be ascertained by measuring fecal 
Lcn2 using ELISA, as observed in the mouse model [14]. 
Its use allows for non-invasive, sensitive, and cost-effective 
means to measure intestinal inflammation as described by 
Chassaing et al. [14]. In mouse models mimicking the pro-
gression of chronic kidney disease (CKD), the intensity of 
tubular damage was directly proportional to the levels of 
expressed Lcn2 protein and mRNA. Levels of Lcn2 protein 
may be measured in the urine using ELISA owing to the 
kidney being a major source of Lcn2 expression and release 
[40]. While Lcn2 is not ready for use in clinical practice, 
it is worthwhile to explore its potential in predicting CKD 
progression, AKI diagnosis, and risk of cardiovascular dis-
ease in CKD [57]. In critically ill patients at high risk of 
developing cardiovascular complications, measurement 
of urinary NGAL was able to provide earlier detection of 
AKI as compared to creatinine. Serum and urinary NGAL 
are elevated 24 h before creatinine rises to lead to timely 
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detection of impending acute myocardial infarction, heart 
failure, or stroke [58].

Other functions of Lcn2

Lcn-2 is prominent for its contribution as a prominent bio-
marker during inflammation, ischemia, infection, and AKI. 
While its role is protective in infections and IBD, it has both 
beneficial and determining functions in cancer, neurodegen-
erative diseases, metabolic syndrome, skin, and other renal 
disorders. Paradoxical effects of Lcn2 on insulin resistance 
are observed. Iron dysregulation is involved in the develop-
ment of insulin resistance and suggests the potential adverse 
role of Lcn2 in obesity. Almost 1/3rd of patients with obesity 
and metabolic syndrome suffer from iron dysregulation; the 
condition is known as dysmetabolic iron overload syndrome 
(DIOS). Lcn2 may be used as a potential therapeutic target 
for DIOS [59].

Skin epithelial cells and neutrophils are able to upregulate 
or release their Lcn2 to prevent potential microbial invasion. 
Lcn2 has a protective role as it facilitates the process of 
cutaneous wound healing [60]. However, it has a paradoxi-
cal detrimental role as it promotes dysregulated keratinocyte 
differentiation in several skin disorders, primarily psoria-
sis. Serum and tissue Lcn2 were observed to be elevated in 
patients with psoriasis. Anti-Lcn2 antibody treatment was 
shown to alleviate the disease in a mouse model of psoria-
sis. Molecular analysis may be conducted to isolate Lcn2 
protein expression and levels of mRNA expression encod-
ing for Lcn2 [15]. Lcn2 protein levels are measurable by 
detecting levels in serum, blood, or feces and by quantify-
ing Lcn2 mRNA transcription or translation. Assays may 
include the identification of lipocalin-2 mRNA expression, 
protein expression, or protein activity. Determinants of Lcn2 
transcription or translation include levels of mRNA, stability 
of mRNA, degradation of mRNA, and rates of transcription 
and translation [15].

Therapeutic potential

Breast

Inhibition of Lcn2 may be able to prevent breast cancer tum-
origenesis and invasiveness by acting as an inhibitory mono-
clonal antibody in certain aggressive breast tumors [24].

Kidney

The role of 4-phenyl butyric acid (PBA) in preventing the 
toxic effects of proteinuria in CKD progression is closely 
related to increasing proteinuria. Kidney function may Ta
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be restored following ischemia-induced tissue injury by 
employing the macrophage-dependent sphingosine-1-phos-
phate (S1P)–induced downstream release of Lcn2 [61].

Gut

Experimental models lacking Lcn2 exhibited greater sensi-
tivity to bacterial infections including Escherichia coli and 
endotoxin-induced sepsis [62, 63]. It may be possible to treat 
the conditions with exogenous administration of recombi-
nant Lcn2, but the therapeutic roles of Lcn2 in critically ill 
patients are yet to be established.

Systematic findings of current clinical trials

In total, 70 current clinical trials were included in this syn-
thesis, with a total enrollment of 12,185 participants. The 
trials were to be completed between December 2022 and 
December 2030, spanning 8 years in total. The various con-
ditions of the clinical trials comprised acute kidney injury, 
acute ischemic stroke, other heart diseases, chronic kidney 
disease, chronic obstructive pulmonary disease, diabetes, 
liver injury, heat stress, pregnancy-induced diabetes mel-
litus, obesity, endocrine disorders, and also SARS-CoV-2. 
Lcn2 was assessed in all outcomes with interventions and 
diagnostics comprising devices for hypothermia, extracor-
poreal shockwave therapy, biomarker testing, aminophyl-
line, caffeine citrate, dapagliflozin, nitric oxide, vitamin  D3, 
tadalafil, and heat acclimation. The full summary is enlisted 
in Tables 2 and 3.

Conclusion

Lcn2 has become increasingly relevant in the last few years 
given its association with many diseases as a prognostic bio-
marker. As an acute-phase response, Lcn2 modulates cell 
physiological responses, acting as the bridge between physi-
ology and pathology. Currently, available data for Lcn2 in 
organs across the body demonstrates its role in physiological 
and pathological conditions. Importantly, the levels of Lcn2 
having a correlation with the severity of disease demonstrate 
its use as a prognostic biomarker. However, there are gaps in 
the understanding of Lcn2’s contribution to the underlying 
pathophysiology of the disease. Further mice models and 
translational studies exploring functional roles are required 
to understand the contribution of Lcn2 beyond its biomarker 
potential. Exploring Lcn2 as a therapeutic target in inflam-
matory and malignant conditions will require further studies, 
and research is currently underway.
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