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Serum Leptin Serves as an Inflammatory Activity
Marker and Predicts Steroid Response in

Autoimmune Hepatitis
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Background and aim: Adipocytokines, especially leptin is involved in a wide spectrum of proinflammatory func-
tions, in various tissues. This study was carried out to assess the role of serum leptin in autoimmune hepatitis.
Methods: Serum leptin was analyzed in treatment na€õve autoimmune hepatitis (AIH, n = 48) patients and
compared with the primary biliary cholangitis (PBC, n = 16), chronic hepatitis C (CHC, n = 16) and healthy con-
trols (n = 15). Serum leptin correlation was assessed on liver function tests, disease activity, T regulatory cells
(Tregs), and Th17 cells in the liver biopsies and on steroid treatment response in AIH. Results: Serum leptin
was higher in AIH than in PBC, CHC, and HC {AIH: 335 (106.2–580), PBC: 126 (52–381.2), CH: 67 (3.7–133.5)
and HC: 66 (40–157.5) ng/ml; P = 0.001}. In AIH cases; serum leptin correlated with hepatic activity index (r =
0.896; P < 0.001); serum transaminases (aspartate aminotransferases (AST) = 0.615, P < 0.001, alanine aminotrans-
ferases (ALT) = 0.551, P < 0.001). It had inverse correlation with Treg cells (P = �0.711, P < 0.001) and positively
correlated with Th17 cells (r = 0.650, P < 0.001) in the liver biopsy tissue. High serum leptin was found to be asso-
ciated with steroid partial or nonresponsiveness at 4 weeks (P = 0.002). Conclusion: Serum leptin is indicative of
higher AIH activity and a reduced number of Tregs cells in liver biopsy tissue. Leptin negative cases have more
chances of steroid responsiveness and could help in the selection of AIH cases for appropriate therapy. ( J CLIN

EXP HEPATOL 2020;10:574–580)
Autoimmune hepatitis (AIH) is a chronic inflamma-
tory liver disease caused by unknown potential fac-
tors and tends to progress into cirrhosis or liver

failure if not treated on time.1 Various environmental fac-
tors such as bacteria, viruses, toxins, and drugs or genetic
predisposition are known to trigger AIH. The activity of
certain hormones also has been attributed to the patho-
genesis of autoimmune disease.1,2 Sex hormones such as
estradiol and prolactin could be the reason for the female
predisposition of autoimmune diseases.3 In addition to
these hormones, relatively less characterized adipocyto-
kines, particularly leptin participates in several processes
including inflammation and immunity and can contribute
to the progression of autoimmune diseases.4 It can modu-
late the immune system by stimulating the release of proin-
flammatory cytokines involved in the induction of
pathogenic inflammation and fibrosis of autoimmune dis-
eases.5 Leptin also inhibits T regulatory cells (Tregs) prolif-
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eration/functions and increases the Th17 cells
proliferation and functions, in in vitro models.6 The pre-
sent study was aimed to see the status of leptin in
AIH and its impact on short-term treatment response.
PATIENTS AND METHODS

Patients and Controls
A prospective study was carried out on treatment-naive
AIH-1 patients with fibrosis # F3 (n = 48) diagnosed
from January to December 2017 at the Institute of Liver
and Biliary Sciences, New Delhi. The specific diagnosis of
AIH-1 was established, as described.7 Patients typically
had transaminitis, hypergammaglobulinemia, and were
positive for the antinuclear antibody (ANA) and/or anti-
smooth muscle antibodies. Liver biopsies were performed
in all patients for diagnostic purpose and remaining tissue
in paraffin block was used for the study after, rendering the
diagnosis. The study protocol conforms to the ethical
guidelines of the 1975 Declaration of Helsinki. Written
informed consent was obtained to use the data of pathol-
ogy and clinical profile for this study. The Institutional
Ethical Review Board of the Institute of Liver and Biliary
Sciences, New Delhi, India, approved the study vide F.25/
5/81/ILBS/AC/2015/917 on 22/12/15. Patients with AIH
received standard treatment as wysolone starting with
40 mg/d, tapered to a maintenance dose of 20 mg/d for
more than 4 wk with azathioprine 1–2 mg/kg per day.
vier B.V. All rights reserved.
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Table 1 Basic Attributes in Study Set and Control Groups.

Autoimmune Hepatitis
(AIH)

Primary Biliary Cholangitis
(PBC)

Chronic Hepatitis
(CH)

Healthy
Control

P value

n 48 16 16 25

Age, yearsa 46.4 � 13.1 47.5 � 9.4 40.7 � 12.8 40.6 � 8.6 0.227

Gender, M:F 9:39 0:16 2:14

Hemoglobin, gm/dla 11.2 � 2.7 10 � 2.6 11.14 � 2.3 0.421

Total leukocyte count, X10̂3/cummb 6 (5–10) 6 (4–9) 4 (4–7) 0.626

Platelets, x10̂6/cummb 135 (75–164) 150 (90–294) 144 (71–159) 0.545

Creatinine, mg/dla 0.76 � 0.6 0.79 � 0.6 1 � 0.5 0.33

S. Bil, mg/dlb 2 (1–10) 2 (1–4) 1 (1–1) 0.611

Aspartate aminotransaminase, IU/Lb 105 (77–182) 96 (55–157) 44 (29–79) 0.01

Alanine aminotransaminase, IU/Lb 112 (73–149) 66 (52–147) 27 (23–67) 0.005

S. Alkaline phosphatize, IU/Lb 102 (79–137) 180 (115–282) 103 (97–159) 0.030

Gamma glutamyl transpeptidase, IU/
Lb

41 (26–81) 81 (31–136) 27 (19–59) 0.337

International normalized ratiob 1 (1–2) 1 (1–1.7) 1.5 (1–2) 0.552

Thyroid-stimulating hormoneb 2 (2–4), n = 17 3.5 (1.7–8.2), n = 10 0.257
AIH vs PBC

Hepatic activity indexb 10 (7–14) 5.5 (4.2–6) 4 (4–5) <0.001

Fibrosis Stage 0/1/2/3 2/12/20/12 0/4/10/2 0/2/9/5 0.766

AIH, autoimmune hepatitis.
aMean�SD.
bMedian (interquartile range).
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These patients were compared with 3 different groups of
patients – primary biliary cholangitis (PBC, n = 16); chronic
hepatitis C virus (HCV, n = 16), and healthy controls (HCs)
(n = 15). Patients with F4 fibrosis, acute on chronic liver
failure, acute liver failure, malignancy, pregnancy, overlap
syndrome, nonalcoholic steatohepatitis, alcoholics, and
the patient already under treatment were excluded.

Enzyme-linked Immunosorbent Assay
A total of 10 ml of blood was collected in EDTA vial from
AIH patients and control cases. Plasma was taken out in a
separate vial and stored in �80� till the assay procedure.
Leptin (KAC2281, Invitrogen, MA, USA) and adiponectin
(KHP0041, Invitrogen, MA, USA) were quantified from
plasma samples at baseline of various groups using human
enzyme-linked immunosorbent assay, in accordance with
the manufacturer's recommendations.

Histopathology, Immunohistochemistry, and
Immunofluorescence on Liver Biopsies
Liver biopsies were evaluated for histological parameters
hepatic activity index (HAI) in accordance with Ishak's
modified scoring system,8 and fibrosis in accordance with
METAVIR system.9 Immunohistochemistry (IHC) was per-
Journal of Clinical and Experimental Hepatology | November–December 202
formed on formalin-fixed and paraffin-embedded sections
of liver tissue. CD163 and was assessed in the sinusoidal
area in consecutive 20� fields and average was represented
as cell count/20�. Double IHC staining was performed
with a combination of CD25-FOXP3 to access Tregs.
FOXP3 staining was identified with nuclear positivity,
and cytoplasmic positivity was showed by CD25 in the
similar cells in the portal/periportal septal/periseptal areas.
CD25-FOXP3+ cells were enumerated by Image-J software
using the IHC profiler. Positive cells were considered and
represented as % positive cells. All the portal/periportal/
septal and periseptal areas were analyzed for T regs and
the average was taken as % cells/portal or septal area.
Immunofluorescence was performed on the paraffin-
embedded liver section by using an interlukin (IL)-17
monoclonal antibody to assess the T helper cells in the
similar areas as for Tregs and represented as average cell
count/portal or septal area.

Flow Cytometry
Peripheral blood mononuclear cells (PBMCs) were ob-
tained by Ficoll-Hypaque density centrifugation (2500
r/min for 20 min at room temperature). For analysis
of Th17 cells, the PBMCs were first washed with Roswell
Park Memorial Institute �1640 culture medium and
0 | Vol. 10 | No. 6 | 574–580 575



Figure 1 A.1): levels of serum leptin; (A.2) Serum adiponectin and in autoimmune hepatitis (AIH), primary biliary cholangitis (PBC), chronic hepatitis
(CH) and in healthy controls (HCs); (A.3) Comparison of serum leptin and adiponectin in AIH based on gender. Representative photomicrographs of
(B.1) Spotty necrosis; (B.2) Confluent necrosis; (B.3) Bridging necrosis; (B.4) Massive hepatic necrosis in AIH [all H&E, 200�] and (C) distribution of
serum leptin based on necrosis.
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then stimulated with 20 ng/ml phorbol 12-myristate-13-
acetate and 1 mg/ml ionomycin in the presence of
2 mmol/ml monensin for 5 h incubation at 37 �C. At
that point, cells were stained with CD4-APC, IL23R-
PerCP, and RORg-PE monoclonal antibodies and incu-
bated in the dark for 20 min. After washing with
576 © 2020 Indian National Associa
phosphate-buffered saline (PBS) and fixation in accor-
dance with the manufacturer's instruction, the cells
were incubated with monoclonal IL-17 antibodies in
the dark for 15 min.

For analysis of immune Treg cells, the cell suspension
was washed with PBS and stained with CD8-Pecy5,
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Figure 2 A) Representative images of Th17 cells and Tregs in liver biopsy of leptin positive and negative AIH cases (Left) and respective bar graphs
showing the distribution of these cells (Right) (Mean � SE); ((B) Representative images of CD163 cells in liver biopsy of leptin positive and negative
cases (Left) and bar graph showing the distribution of these cells (Right) (Mean� SE). Distribution of: (C.1) Th17 cells, (C.2) Tregs and (C.3) CD8 cells
amongst leptin positive and negative AIH cases (Mean � SE). AIH, autoimmune hepatitis; Tregs, T regulatory cells.
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CD25-FITC, FOXP3-PE, and CD3-V450 at 4 �C for 30min.
After washing with PBS and fixation in accordance with
the manufacturer's instruction, cells were stained with an
enzyme-labeled anti-FOXP3 antibody and incubated for
30 min. For CD4/CD8 analysis, PBMCs were washed
with PBS and stained with CD4-FITC, CCR7-PE,
CD45RA-V450, CD8-Pecy5, TIM3-APC antibodies fol-
lowed by incubation, fixation, and then finally washed
with PBS.

Clinical Data and Treatment Response
Clinical data and information were collected from the hos-
pital information system. Patients with AIH received ste-
roids as the first-line treatment, and clinical response was
assessed as < 2 times of AST/ALT of upper normal limits
at week 4 was considered as immune response; decreased
transaminases from initial levels but persistent elevation
up to 2 times of upper normal limits at 4 weeks was taken
as partial response; and no improvement or refractory as
nonresponse.10

Statistical Analysis
Statistical analysis was carried out using Statistical Pack-
age for Social Sciences (SPSS), version 22.0. Descriptive
statistics were presented as proportions,
mean � standard deviation/standard error and median
with range. A correlation was made by Pearson/
Spearman correlation coefficient. The categorical data
analyzed by the chi-square test and the quantitative
data by student t-test/Mann-Whitney or one-way AN-
OVA or Kruskal-Wallis test.
RESULTS

A total of 48 patients with AIH were analyzed in this
study. Table 1 displays the general characteristics of
the patients about age, gender, and routine laboratory
parameters. The average age across the AIH, PBC, CH,
and HC groups were comparable (P = 0.227). In the
test group patients' distribution amongst the fibrosis,
stages (0/1/2/3) were comparable with patients in PBC
and CH groups (P = 0.766). As expected, transaminitis
and hepatic necroinflammatory activity were higher in
AIH as compared with other groups and elevated chole-
static enzymes in PBC. [Table 1].

Baseline serum leptin level was higher in AIH [335 {IQR:
106.2–580} ng/ml] as compared with PBC [126 {52–381.2}
ng/ml], CH [67 {3.7–133.5} ng/ml] and HCs [66 {40–157.5}
ng/ml] (P < 0.001) [Figure 1A.1]. Serum adiponectin levels
did not show any difference between the groups
[Figure 1A.2]. Elevated levels of serum leptin in patients
with AIH were higher in female patients as compared
with the male but it did not demonstrate any significant
578 © 2020 Indian National Associa
difference {male (n = 9): 320 (87–508) vs the female (n =
39): 596 (144–786); P = 0.190}. In AIH cases, leptin levels
correlated with aspartate amino transaminases (r = 0.615,
P < 0.001); alanine amino transaminases (r = 0.551, P <
0.001); and HAI (r = 0.896, P < 0.001).

On evaluation of liver biopsies of AIH for necroinflam-
matory activity spotty necrosis (n = 6) [Figure 1B.1];
confluent necrosis (n = 15) [Figure 1B.2]; bridging necrosis
(n = 9) [Figure 1B.3]; and massive hepatic necrosis (n = 18)
[Figure 2B.4] was noted. Serum leptin was significantly
higher in cases with bridging necrosis and massive hepatic
necrosis (P < 0.001) [Figure 1C].

T helper cells 17 (Th17) sustain substantial proinflam-
matory activity and Tregs controls the active inflamma-
tion.11 In AIH cases, serum leptin positively correlated
with Th17 cells (r = 0.650; P < 0.001) and negatively with
Tregs (r = �0.711). A typical physiological level of serum
leptin is considered as < 200 ng/ml,12 we divided these
AIH cases into leptin positive (>200 ng/ml) and leptin
negative (#200 ng/ml). Thirty patients were leptin positive
and 18 were leptin negative. Leptin positive patients invari-
ably had a more significant number of Th17 cells (P <
0.001) and a lower percentage of Tregs (P < 0.001)
[Figure 2A], and M2 type of macrophages identified by
CD163 (P = 0.022) [Figure 2B], in the liver biopsy tissues.
Leptin positive cases had higher serum IgG
(20.5 � 6.3 mg/dl) vs 15.5 � 5.9 mg/dl, P = 0.05) and
more ANA seropositivity (17 ANA + Leptin + vs 10
ANA + Leptin-, P = 0.047) than leptin negative cases. There
was no difference noted in seropositivity for antismooth
muscle antibody (P = 0.634).

Further, we investigated the circulating Th17, Tregs and
CD8+Tim3+ cells in PBMCs. PBMCs were available in 22
AIH cases (11 leptin positives and 11 leptin negatives). As
noted in liver biopsies; circulating Th17 cells were higher
(P < 0.001) [Figure 2C.1] and Tregs were lower (P =
0.052) [Figure 2C.2] in leptin positive than the leptin nega-
tive cases. CD8+Tim3+ cells were comparable with both
groups (P = 0.617) [Figure 2C.3].

On follow-up after treatment, 23 had a response to ste-
roids, 17 were partially responsive, and eight experienced
nonresponses to treatment. Multivariate analysis after ad-
justing for age, gender, and basal metabolic index; serum
leptin was found to be elevated at the baseline, in patients
who did not respond or had a partial response to therapy
in comparison with cases with the biochemical response
at 4 weeks {HR: 5.4, P = 0.001}. However, no difference
noted in baseline adiponectin levels in these subgroups
of patients with AIH. Baseline serum leptin positivity
reasonably predicted the standard treatment response in
AIH patients {Leptin positive: response/partial response/
no response: 11/11/8 vs leptin negative: 16/2/0; P = 0.002
with a likelihood ratio of 15.4}.
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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DISCUSSION

The results of this study show that the circulating leptin
levels are high in AIH as compared with other autoimmune
liver diseases such as primary biliary cholangitis and pri-
mary sclerosing cholangitis and HC cases. Serum leptin
additionally serves as a surrogate marker of AIH necroin-
flammatory activity in liver biopsies and correlates with
biochemical parameters of disease activity. Leptin positiv-
ity in AIH associated with higher Th17 and lower Treg cells
both in liver tissue and in circulation, in comparison with
those with leptin negative. The data also introduce a
further dimension in steroid treatment response in AIH
cases. Elevated leptin promotes a proinflammatory status
by promoting Th1 and Th17 cells and inhibiting T regs.
It modulates both adaptive and innate immunity and leads
to the progression of autoimmune diseases.4 Leptin levels
were examined in cirrhosis related to chronic viral hepatitis
B (CHB) and chronic hepatitis C (CHC), it was suggested
that the cirrhosis due to CHB or CHC is associated with
higher leptin levels. Increased serum leptin was found to
represent a negative prognostic factor for response to lam-
ivudine therapy in CHB.13 On the contrary, another study
highlighted the impact of TNF-A and IL-6 on necroinflam-
matory activity in patients with CHB but not the adipocy-
tokines.14 Leptin levels were also detected to be
significantly elevated in CHC with steatosis and associated
with liver dysfunction.15 Among the autoimmune liver dis-
eases, adiponectin found to be associated with autoim-
mune biliary diseases.16

Our study pointed the most excessive levels of leptin de-
tected in AIH as compared with PBC, PSC, and control
cases. It correlates with disease activity in the liver paren-
chyma. It is well perceived that the necroinflammatory ac-
tivity in AIH is more pronounced than PBC and PSC.17

Leptin acts as an acute phase reactant during in some in-
flammatory conditions and leads to perpetuation of other
proinflammatory cytokines and immune cells that can
cause further injury, recruitment of more inflammatory
infiltrate, necrosis in the tissues affected18 (e.g. liver injury
in AIH). Most of the immune cells express LEPR, which
suggests a role for leptin in enhanced immune response.19

This might seem to be the reason for increased Th17 and
low Tregs in leptin positive cases as compared with leptin
negative AIH cases. CD163 macrophages act as M2 type of
macrophages in tissues which controls the anti-
inflammatory process.20 Though leptin does not change
the phenotype of M2 macrophages under the influence
of leptin; M2 macrophages functionally behave as M1
proinflammatory macrophages with the secretion of
TNF-a, IL-6, IL-1b, IL-1ra, IL-10, MCP-1, and MIP-1a.21

A recent study in pediatric AIH identified baseline AIH
score, and depressed level of IL-2 at baseline can predict
the adverse outcome after standard steroid therapy.22

Another study performed on adult patients suggested
Journal of Clinical and Experimental Hepatology | November–December 202
that the onset of disease < 18 years, increase the chances
of relapse and DRB1*04:01 positivity associated with a
favorable clinical outcome.23 Another study highlighted
that the incomplete normalization of ALT at 6 months,
low serum albumin, and age at presentation of #20 years
or >60 years were found to comprise poor prognostic fac-
tors.24 Considering the variables used in other studies for
prognosis, it would be of beneficial use to assess leptin
levels. It might also help in triaging the AIH patients in
whom, aggressive immunosuppression could be beneficial.
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