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Abstract

gastrectomy (LSG).

hepatic steatosis.

indicator of hepatic steatosis improvement.

Background: Lipocalin-2 (LCN2) has a critical effect on obesity as well as its associated comorbidities. The present
study focused on analyzing serum LCN2 levels of obese patients with nonalcoholic fatty liver disease (NAFLD) and
on determining relationship of hepatic steatosis improvement with LCN2 levels after laparoscopic sleeve

Methods: This work enrolled ninety patients with obesity and NAFLD. Twenty-three of them underwent LSG.
Anthropometric and biochemical parameters and serum LCN2 levels were determined at baseline and those at 6-
month post-LSG. Controlled attenuation parameter (CAP) measured by FibroScan was adopted for evaluating

Results: Among severe obesity patients, serum LCN2 levels were significantly increased (111.59 + 51.16 ng/mL vs.
92.68 £+ 32.68 ng/mL, P = 0.035). The CAP value was higher indicating higher liver fat content (360.51 £ 45.14 dB/m
vs. 340.78 + 45.02 dB/m, P = 0.044). With regard to surgical patients, liver function, glucose, and lipid levels were
significantly improved after surgery. Serum LCN2 levels significantly decreased (119.74 + 36.15 ng/mL vs. 87.38 +
51.65 ng/mL, P = 0.001). Decreased CAP indicated a significant decrease in liver fat content (35848 + 46.13 dB/m
vs. 260.83 + 69.64 dB/m, P < 0.001). The decrease in LCN2 levels was significantly related to the reduced hepatic fat
content and improvement in steatosis grade after adjusting for gender, age, and BMI decrease.

Conclusions: Serum LCN2 levels are related to obesity and NAFLD. The decreased serum LCN2 levels could be an
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is featured by
ectopic hepatic fat deposition. It is now becoming an ur-
gent health problem worldwide [1, 2]. Its epidemiology
is usually associated with obesity. Being overweight and
obese in early life is an independent risk of NAFLD in
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adulthood [3]. As the mechanisms of NAFLD have not
been fully clarified, there are no specific pharmacological
interventions approved for its treatment. Targeting obes-
ity is still the priority for the treatment of NAFLD [4].
Bariatric surgery is now recommended as an effective
approach to treat clinically severe obesity or obesity with
complications. In addition to the dramatic weight loss,
improvements in hepatic steatosis and inflammation are
observed after bariatric surgery. The regression of fibro-
sis and decreased incidence of HCC are also benefits of
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bariatric surgery [5]. These beneficial effects are largely
attributed to metabolic improvement accompanied by
weight loss.

Lipocalin-2 (LCN2) is a 25 kD secretory glycoprotein,
which belongs to lipocalin transport protein family. It is
encoded by the Lcn2 gene located on chromosome locus
9q34.11 in human. LCN2 was first considered to func-
tion in the innate immune response because of its up-
regulation during bacterial infection. By binding to and
sequestering iron-containing siderophores LCN2 can
prevent bacteria iron uptake and alleviate bacterial infec-
tion [6]. Subsequent studies demonstrated that LCN2
was associated with various disorders, such as obesity
[7]. Soon afterward, interest was attracted to the rela-
tionship between LCN2 and metabolic disorders, as
LCN2 has a critical effect on lipid metabolism and insu-
lin resistance [7]. Several studies focused on LCN2 levels
in NAFLD [8, 9]. However, the results from different
studies were inconsistent and the relationship between
LCN2 levels and hepatic steatosis is still unclear.

Thus, in the current study, the authors examined
serum LCN2 levels in obese patients with NAFLD as
well as its change in a subgroup of patients after laparo-
scopic sleeve gastrectomy (LSG). The authors also inves-
tigated the relationship between alterations in LCN2
levels and hepatic steatosis improvement after LSG.

Methods

Study design and patients

The present work is a retrospective observational study.
Altogether 90 obese patients with NAFLD from the De-
partment of Endocrinology and Metabolism, Shanghai
Tenth People’s Hospital were enrolled. Patient inclusion
criteria were (1) age between 18 and 65 years; (2) body
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mass index (BMI) greater than 28 l(g/mz; and (3) hepatic
steatosis diagnosed with FibroScan. Patient exclusion cri-
teria were (1) secondary obesity due to hypothalamic dis-
eases, hypophysis dysfunction, thyroid disorders, gonadal
diseases, Cushing syndrome, or genetic diseases; (2) hep-
atic steatosis due to excessive alcohol consumption (more
than 210 g for men and more than 140 g for women per
week), hepatitis virus, or autoimmune liver disease; 3) se-
vere cardiac, hepatic, or renal insufficiency; 4) presence of
autoimmune disorders or malignancies; 5) presence of in-
fectious diseases; and 6)pregnancy or lactation. Among
the included subjects, 23 of them underwent LSG and
returned to hospital at 6 months after surgery for a com-
prehensive medical examination. Figure 1 shows the re-
search flow chart. This work gained approval from the
Ethics Committee of Shanghai Tenth People’s Hospital
(NCT04573998). Each individual signed an informed con-
sent for participation.

Clinical and biochemical parameters

Anthropometric parameters were measured by profes-
sional staff. Venous blood was obtained after overnight
fasting. Biochemical parameters including alanine amino-
transferase (ALT), aspartate aminotransferase (AST), glu-
tamyltransferase (yGT), fasting blood glucose, HbAlc,
triglyceride (TG), and total cholesterol (TC) were then
measured.

Serum LCN2 measurement
Serum LCN2 levels were determined by ELISA kit (DLCN20,
R&D Systems) following manufacturer’s protocols.

Hospitalized patients
with obesity and NAFLD

N

(Exclusion criteria:

1) secondary obesity;

2) hepatic steatosis due to excessive alcohol consumption ,
hepatitis virus, or autoimmune liver disease;

3) severe cardiac, hepatic, or renal insufficiency;

4) presence of autoimmune disorders or malignancies;

5) presence of infectious;

6) pregnancy or lactation.

[ 90 patients were recruited ]7

23 patients underwent LSG and
completed a 6-month follow-up

Fig. 1 Study flow chart

Clinical characteristics, serum LCN2
measured, and FibroScan performed
at baseline and 6-month follow-up
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Assessment of NAFLD

The current study performed FibroScan, a noninvasive
ultrasound-based method for evaluating hepatic steato-
sis. Controlled attenuation parameter (CAP), calculated
from ultrasonic signals, is used to quantify hepatic stea-
tosis. According to the value of CAP, steatosis was cate-
gorized into 3 grades: S1 for mild steatosis (fat content
over 10%), S2 for moderate steatosis (fat content over
33%), and S3 for severe steatosis (fat content over 66%),
with the CAP cut-off values of 238, 259, and 292 dB/m,
respectively. FibroScan was performed in all patients at
baseline and patients underwent LSG at 6-month
follow-up.

Statistical analysis

SPSS 20.0 was adopted for data analysis. Continuous dis-
tribution data are presented as the means + SD. Quanti-
tative data of normal distribution were compared by
student’s t test. Qualitative data were compared by x2-
test and Kruskal-Wallis test. Linear regression and Pear-
son’s correlation were utilized for analyzing the associ-
ation of the change of CAP value with change of LCN2
levels. Further, logistic regression was applied in analyz-
ing the relationship between the improvement in steato-
sis grade and the change in LCN2 level. P < 0.05 was
considered as statistical significance.

Results

Hepatic steatosis was more severe in severe obesity

The clinical parameters of the included patients at base-
line are summarized in Table 1. Obese patients were di-
vided into two groups according to their BMI
Differences in gender or age were not significant

Table 1 Clinical characteristics of the patients
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between the two groups. Plasma fasting glucose and
serum TG and TC were similar between the two groups.
As expected, the CAP value was higher in patients with
severe obesity, indicating more severe hepatic steatosis.
However, the liver function of ALT, AST, and yGT be-
tween the two groups had no significant difference.

Metabolic parameters were improved after LSG

Among the included patients, 23 underwent LSG and
completed a follow-up after six months. Body weight
and waist circumstance were significantly decreased.
Fasting glucose, HbAlc, TG, and TC also showed a sig-
nificant decrease, indicating an improvement of glucose
metabolism and lipid metabolism accompanied by
weight loss after LSG (Table 2).

Hepatic steatosis was improved after LSG

In addition to metabolic parameters, liver function was
also improved suggested by significant decreases in
serum levels of ALT, AST, and yGT. FibroScan was also
performed to reevaluate hepatic steatosis. The CAP
value decreased from 358.48 + 46.13 dB/m to 260.83 +
69.64 dB/m (P < 0.001). Steatosis grade was also im-
proved after LSG (Table 2).

Serum LCN2 levels increased in severe obesity and
decreased after LSG

For patients with severe obesity, serum LCN2 levels
were much higher (Table 1), suggesting that LCN2 levels
were elevated in individuals with higher BMI and more
severe hepatic steatosis. In the subgroup of patients who

all BMI < 37.5 BMI > 37.5 P value
n 90 37 53 /
Male [n(%)] 43 (47.8) 15 (40.5) 28 (52.8) 0.251
Age (years) 30.58 + 948 31.78 £9.78 29.74 £ 926 0316
Waist (cm) 11998 + 15.23 10695 £ 11.23 12856 + 10.79 < 0.001
ALT (U/L) 5894 + 50.80 57.56 + 5543 59.90 + 47.83 0.831
AST (U/L) 3270 £ 23.72 29.82 + 20.66 34.71 + 25.63 0339
yGT (U/D) 4899 + 39.28 4035 + 2218 5440 + 46.34 0.113
Glucose (mmol/L) 597 £1.94 6.18 £ 2.21 582+ 1.73 0405
HbA1c (%) 6.78 £ 1.87 6.76 £ 2.09 6.80 £ 1.72 0919
TG (mmol/L) 191 +1.08 203 +098 183+ 1.15 0.400
TC (mmol/L) 4.60 + 0.80 461 £ 0.86 459 +0.77 0.899
LCN2 (ng/mL) 10381 + 45.26 92.68 + 32.68 11159 £ 51.16 0.035
CAP (dB/m) 35240 + 45.88 340.78 + 45.02 360.51 + 45.14 0.044

Results are shown as mean + SD or number (percentage)

BMI: body mass index; ALT: alanine aminotransferase; AST: aspartate aminotransferase; yGT: glutamyltransferase; TG: triglyceride; TC: total cholesterol; CAP:

controlled attenuation parameter
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Table 2 Clinical characteristics after LSG

baseline post-surgery P value
Weight (kg) 11113 £ 27.92 85.81 £ 24.99 < 0.001
BMI (kg/m2) 3845 + 7.55 29.56 + 6.54 < 0.001
Waist (cm) 12209 + 1591 10141 £ 1332 < 0.001
ALT (U/L) 78.38 £ 75.09 15.22 + 861 0.001
AST (U/L) 4091 £ 2855 16.59 + 5.80 < 0.001
YGT (U/D) 4334 £ 2385 14.56 + 850 < 0.001
Glucose (mmol/L) 598 + 148 445 + 054 < 0.001
HbATc (%) 7.6 + 235 543 £035 0.002
TG (mmol/L) 2.02+0.98 1.05 £ 045 < 0.001
TC (mmol/L) 458 + 0.96 4.07 £0.72 0.003
LCN2 (ng/mL) 119.74 £ 36.15 87.38 £ 51.65 0.001
CAP (dB/m) 35848 + 46.13 260.83 £ 69.64 < 0.001
Steatosis grade [n(%)] < 0.001
SO 0(0) 8 (34.8)
S1 2(87) 5(217)
2 00 287)
S3 21 (91.3) 8 (34.8)

Results are shown as mean + SD or number (percentage)

BMI: body mass index; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; yGT: glutamyltransferase; TG: triglyceride; TC: total
cholesterol; CAP: controlled attenuation parameter

underwent LSG, serum LCN2 levels decreased from
119.74 + 36.15 ng/mL to 87.38 + 51.65 ng/mL (P <
0.001) six months after surgery (Table 2).

Change in serum LCN2 levels was related to hepatic
steatosis improvement

The authors performed Pearson’s correlation (Table 3)
for investigating the relationship between decrease in
LCN2 levels and hepatic steatosis improvement. The de-
creased CAP value showed positive association with a
decrease in the LCN2 levels (r = 0.432, P = 0.040). For
further exploring whether the change of serum LCN2
level contributed to the change of CAP value, the au-
thors conducted linear regression analysis (Table 4). The
change of CAP value showed positive association with

Table 3 Associations between change in CAP value and
change in LCN2 level and liver function

ACAP
; P
ABMI 0.029 0.89%
AALT 0411 0051
AAST 0372 0.080
AYGT 0394 0.106
ALCN2 0432 0.040

BMI: body mass index; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; yGT: glutamyltransferase; CAP: controlled
attenuation parameter
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Table 4 Multivariate regression regarding the association of
decrease in CAP value and decrease in LCN2 level

model ACAP

B R square P value
1 0.666 0.186 0.040
2 0.776 0218 0.037
3 0.765 0218 0.049

Model 1: ALCN2; model 2: ALCN2 after age and gender were adjusted; model
3: ALCN?2 after age, gender, and ABMI were adjusted
CAP: controlled attenuation parameter

the change of LCN2 levels after age, gender, and change
in BMI were adjusted. As revealed by logistic regression,
improvement in steatosis grade was also correlated with
LCN2 decrease (Table 5).

Discussion

Weight loss is accompanied by metabolic improvement
following bariatric surgery, which has been now consid-
ered an effective approach to NAFLD. For both retro-
spective and prospective cohort studies, NAFLD was
improved after bariatric surgery after evaluating serum
biomarkers, hepatic steatosis, inflammation, and fibrosis
[10, 11]. In this study, the authors used the CAP value
calculated by FibroScan to evaluate hepatic steatosis. It
is of great importance to quantify hepatic steatosis for
evaluating NAFLD. However, the gold standard, namely,
liver biopsy, has not been extensively adopted in clinical
practice because it is an invasive measurement. Reliable
noninvasive methods are thus needed for replacement.
Serum biomarkers include predictive models such as the
Hepatic Steatosis Index and Fatty Liver Index. These
scores have been validated by separate studies. However,
they have not gained much popularity in clinical practice
because these models cannot provide additional infor-
mation for patients with NAFLD [12]. FibroScan is an
ultrasound-based method that is widely used in clinical
practice. It has been proven to be accurate and conveni-
ent in evaluating hepatic steatosis in different popula-
tions [13, 14]. The present study also revealed that liver
function and hepatic steatosis (CAP value and steatosis
grade) were significantly improved after bariatric sur-
gery. And circulating LCN2 levels were declined in par-
allel among patients after LSG.

Table 5 Logistic regression analysis of factors associated with
steatosis grade improvement

OR 95%Cl P value
Gender 3.746 0333 -42.144 0.285
Age (years) 0.941 0.842 - 1.051 0.279
ABMI (kg/m?2) 0.964 0611 -1.522 0.876
ALCN2 (ng/mL) 1.044 1.004 - 1.085 0.031

BMI: body mass index
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As mentioned above, LCN2 was recently found to be
associated with obesity and its related metabolic comor-
bidities. Circulating LCN2 increased among obese pa-
tients compared with normal body weight individuals.
For obese individuals, up-regulation of LCN2 was also
observed in adipose tissue [15]. Similar results were con-
firmed by other human studies and animal studies.
LCN2 expression was then investigated in obesity related
metabolic disorders. However, regarding NAFLD, the re-
sults from different studies are inconsistent [16].

Several studies have indicated that LCN2 levels in cir-
culation are increased among NAFLD patients. Other re-
searchers found no differences between patients with
NAFLD and healthy controls and doubted that the ele-
vated LCN2 level was due to a higher BMI in patients
with NAFLD [17]. A study conducted by Auguet T and
colleagues [9] investigated LCN2 expression in a group
of severely obese women to exclude the influence of
gender, age, and BMIL. They discovered that circulating
LCN2 levels were up-regulated among morbidly obese
women with NAFLD compared with those with normal
liver. So were the hepatic LCN2 protein and mRNA
levels. A recent study [18] included 360 patients with
NAFLD and 40 healthy controls and discovered that cir-
culating LCN2 levels were increased in NAFLD patients.
Furthermore, the authors found that LCN2 level had a
positive association with hepatic steatosis. Results of un-
changed LCN2 level from some studies may be due to
small number of patients enrolled and population selec-
tion. For most studies, LCN2 levels were elevated in
NAFLD and found to be correlated with hepatic steato-
sis. In the current study, the authors demonstrated that
serum LCN?2 levels markedly declined after bariatric sur-
gery. The decrease in LCN2 was positively correlated
with the hepatic steatosis improvement after age, gender,
and the decrease in BMI were adjusted. Together with
former studies, the present study suggested that circulat-
ing LCN2 could be a biomarker for NAFLD.

Upregulation of LCN2 levels may have hepatoprotec-
tive effects in NAFLD [19]. A study conducted by E.
Borkham-Kamphorst and colleagues [20] found that,
after exposure to acute or chronic stimuli, increased liver
damage and inflammatory cytokine expression were
shown in LCN27~ mice. In LCN2”~ mice, hepatocytes
also exhibited more lipid drop deposition and increased
cell apoptosis. H. Guo and colleagues [21] also suggested
that LCN2™/~ mice were more susceptible to fatty liver
caused by high-fat diet (HFD) because of enhanced hep-
atic insulin resistance as well as impaired lipid metabol-
ism. Another study [22] used HFD and methionine-/
choline-deficient diet for inducing hepatic steatosis and
steatohepatitis and found that LCN2~~ mice accumu-
lated more hepatic lipids in both two models. The same
study revealed that LCN2 modulated hepatic lipid
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homeostasis by regulating lipid droplet coat protein Peri-
lipin 5 expression. Hepatic damage and steatosis were
also reported to be prominent in LCN2~~ mice under
high-fructose diet by Lambertz and colleagues [23]. Ac-
cording to their results, LCN2 participated in the hepatic
lipid uptake in a direct or indirect manner. Recently, XU
and colleagues [24] found that LCN2 overexpression
within mouse hepatocytes protected from diet-induced
liver steatosis, and LCN2-deficient mice presented the
opposite phenotype. Their results also revealed that
LCN2 protected against diet-induced NAFLD through
suppressing lipogenesis and promoting lipid oxidation
and lipolysis. In addition to lipid metabolism, LCN2 was
reported to regulate mitochondrial integrity and endo-
plasmic reticulum stress in hepatocytes [25], which are
also involved in the pathophysiology of NAFLD.

Strength and limitations

Previous studies revealed that circulating LCN2 levels
increased in NAFLD. In addition to its elevation in
NAFLD, the current study also demonstrated that LCN2
levels were correlated with steatosis grade and that the
decrease in circulating LCN2 levels was correlated with
the improvement in hepatic steatosis after bariatric sur-
gery. However, some limitations should be noted in the
current study. Firstly, this work was conducted at a sin-
gle center, and the size of the subgroup of bariatric sur-
gery patients was small. Secondly, CAP is not the most
accurate method to assess hepatic steatosis compared to
liver biopsy. Finally, this study only showed an associ-
ation between circulating LCN2 levels and hepatic stea-
tosis, the causal relationship was not explained. Thus,
more studies are warranted to reveal the mechanism by
which LCN2 participates in the improvement of NAFL
D.

Conclusions

In conclusion, this study revealed that circulating LCN2
levels were increased among patients with higher BMI
and more severe hepatic steatosis. After bariatric sur-
gery, the LCN2 level was significantly decreased together
with the improvement of NAFLD. A decrease in LCN2
levels and a decrease in liver fat content were positively
correlated. Circulating LCN2 levels may be a biomarker
for hepatic steatosis severity and be monitored during
the follow-up of NAFLD treatment in the future.
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