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・Low circulating factor H levels were associated with severity and relapse in AIH patients.

Highlights Lay summary

� We measured serum MASP-2 and factor H in pa-

tients with AIH.

� Serum MASP-2 and factor H levels were lower in
patients with severe AIH.

� Patients with AIH and low factor H before treat-
ment showed a high rate of relapse.
https://doi.org/10.1016/j.jhepr.2022.100497
Autoimmune hepatitis is an immune-mediated liver
disease. Despite effective treatments, patients often
relapse, which can lead to clinical deterioration and
adverse outcomes. Herein, we studied the importance
of the complement system (a form of innate immu-
nity) in patients with autoimmune hepatitis. We
found that the levels of a protein called factor H,
which regulates the complement system, could be a
potential biomarker of disease severity and relapse,
and could even have therapeutic potential for patients
with AIH.
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Background & Aims: The complement system plays pivotal roles in innate immunity. Mannose-binding lectin-associated
serine protease (MASP)-2 plays essential roles in the activation of the lectin complement pathway. Complement factor H acts
as a critical negative regulator of the alternative complement pathway. The association of circulating MASP-2 and factor H
with the clinical features of patients with autoimmune hepatitis (AIH) is unclear.
Methods: A total of 63 patients with AIH were recruited for this study. The serum levels of MASP-2, factor H, and C3a were
measured, and their associations with the clinical features of AIH were analyzed.
Results: The circulating C3a levels were higher in patients with AIH than in the controls. The circulating MASP-2 and factor H
levels were decreased depending on the severity of AIH. Multivariate logistic analysis showed that low circulating factor H
levels were associated with features of severe AIH (odds ratio 0.36; 95% CI 0.15-0.84; p = 0.018). Multivariate Cox proportional
hazards model analysis showed that low circulating factor H levels were associated with a high incidence of relapse (hazard
ratio: 5.19; 95% CI 1.07–25.2; p = 0.041). Patients with low circulating factor H levels showed higher rates of relapse than the
controls (log-rank, p = 0.006).
Conclusion: Circulating factor H levels were associated with severe disease and with the incidence of relapse, suggesting a
role for the complement system in the pathophysiology of AIH.
Lay summary: Autoimmune hepatitis is an immune-mediated liver disease. Despite effective treatments, patients often
relapse, which can lead to clinical deterioration and adverse outcomes. Herein, we studied the importance of the complement
system (a form of innate immunity) in patients with autoimmune hepatitis. We found that the levels of a protein called factor
H, which regulates the complement system, could be a potential biomarker of disease severity and relapse, and could even
have therapeutic potential for patients with AIH.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction
Autoimmune hepatitis (AIH) is an immune-mediated liver dis-
ease that leads to cirrhosis or liver failure.1 While remission can
be achieved with immunosuppressive therapy, patients with AIH
often relapse, and the incidence of relapse is associated with
increased liver fibrosis and clinical deterioration.2 In total, 25-
75% of patients with AIH present with acute disease, which can
further progress to acute severe hepatitis or acute liver failure.3 A
recent study on AIH revealed increased incidence and high
mortality rates.4

The complement system plays an important role in main-
taining biological homeostasis and in immune surveillance.5 The
complement system can be activated through 3 pathways: the
classical, lectin, and alternative pathways. These pathways involve
cascade reactions of complement proteases to generate comple-
ment factor 3 (C3) convertase, which cleaves C3 into C3a and C3b.
Keywords: autoimmune hepatitis; relapse; complement system; factor H; MASP.
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C3b generates complement factor 5 (C5) convertase, which
cleaves C5 into C5a and C5b. C3a and C5a act as anaphylatoxins
that accelerate the inflammatory response by binding to their
receptors C3aR and C5aR, respectively.6,7 C3b and iC3b, proteo-
lytically inactive C3b fragments, regulate humoral immunity by
binding to complement receptors on B cells or follicular dendritic
cells.8,9 Therefore, these complement split products generated by
the activation of C3 and C5 modulate adaptive immunity.10,11

Furthermore, the C5b fragment can combine with C6, C7, C8,
and C9 to form the C5b-9 membrane attack complex (MAC) on
target surfaces, ultimately causing cell lysis.

Mannose-binding lectin-associated serine protease (MASP)-2
and MASP-3 are key enzymes for the activation of the lectin and
alternative pathways, respectively.12,13 In the circulation, MASP-
2, along with MASP-1, forms a complex with humoral pattern
recognition molecules (PRMs), such as mannose-binding lectin
(MBL), ficolins and collectins.14 Activation of the lectin pathway
is initiated by the binding of PRM/MASP complexes to pathogen-
associated molecular patterns or damage-associated molecular
patterns. MASP-2 is then activated by autoactivated MASP-1 and
cleaves C4 and C2 to generate the lectin pathway C3 convertase
C4bC2a. Unlike MASP-1 and MASP-2, MASP-3 circulates in an
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active form. MASP-3 is thought to constantly cleave factor D of
the alternative pathway and convert it to an active form in the
circulation.13,15 Factor D cleaves factor B, which binds C3b to
generate the alternative pathway C3 convertase C3bBb.

Factor H plays critical roles in the negative regulation of
alternative pathway activation.16 Factor H inhibits C3bBb for-
mation by competing with factor B for binding to C3b and ac-
celerates irreversible C3bBb decay by displacing Bb.17 Factor H
also acts as a cofactor for factor I-catalyzed C3b cleavage,
degenerating iC3b, which cannot bind factor B. MASP-2 and
factor H are mainly produced in the liver, and circulating com-
plement factors are associated with several diseases, such as
inflammatory, kidney, and infectious diseases, including coro-
navirus disease 2019.18–21

Previous studies suggested a critical role of the complement
system in liver disease. The expression of complement receptors
on Kupffer cells is needed for efficient phagocytosis.22 Both ge-
netic C5 deficiency and a C5a receptor antagonist were shown to
ameliorate liver fibrosis in CCl4-treated mice.23 An anti-C5 anti-
body was effective at treating concanavalin A-induced acute liver
failure (ALF) in mice.24 In patients with fulminant hepatitis and
acute hepatitis, hepatocytes surrounding necrotic areas exhibi-
ted positive MAC staining.25 Genetic factor H-deficient mice
spontaneously developed liver injury and hepatic tumors.26

Moreover, deposition of complement activation products, such
as C4d, C3d, and C5b-9 (MAC), was observed on the hepatocytes
of patients with AIH,27 and complement-mediated hepatocyte
injury was observed in a murine model of autoantibody-induced
hepatitis.28 While these results suggest that complement acti-
vation is involved in the development of AIH, whether comple-
ment regulators contribute to the pathophysiology of AIH
remains unclear.

Circulating complement factor levels are associated with
disease activity, such as systemic lupus erythematosus and IgA
nephropathy.18,29 Serum MASP-2 levels in patients with chronic
hepatitis C (CHC) were associated with the severity of fibrosis
and response to interferon treatment.30 High C5a or C5b-9 levels
in the pretreatment serum of patients with CHC were associated
with a high rate of HCV RNA clearance by direct-acting antivi-
rals.31 In this study, we measured the serum levels of factor H, a
major plasma regulator acting in the alternative pathway, in
patients with AIH and analyzed their association with clinical
features. We also analyzed the associations of the serum levels of
C3a or MASP-2 with the clinical features of AIH.
Patients and methods
Patients
In this study, patients with AIH diagnosed at Fukushima Medical
University Hospital (Fukushima, Japan) between September 1988
and June 2017 were included. The diagnosis of AIH was defined
according to the revised and simplified International Autoim-
mune Hepatitis Group (IAIHG) scoring system.32,33 Patients with
hepatitis B or hepatitis C and those who consumed significant
amounts of alcohol (20 g/day in women and 60 g/day in men)
were excluded. We excluded patients with suspected alcoholic
liver injury even if the patient did not exceed the limit of alcohol
intake. Patients with acute liver failure were excluded from this
study. In total, 63 patients with AIH were included in this study.
We also measured serum levels of complement proteins in pa-
tients with CHC (n = 20), drug-induced liver injury (DILI) (n = 20),
liver cirrhosis (n = 40), and healthy controls (HCs) (n = 17).
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Disease severity was classified according to the diagnosis and
treatment guide for AIH in Japan.34 Briefly, severe cases were
defined as those that met at least one of the following criteria:
(1) clinical signs (hepatic encephalopathy or a reduction in or
disappearance of hepatic dullness); (2) clinical laboratory test
results (aspartate aminotransferase [AST] or alanine amino-
transferase [ALT] >200 U/L, total bilirubin [TB] >5 mg/dl, or
prothrombin time [PT] <60%); and (3) imaging test findings
(hepatic atrophy or a heterogeneous liver parenchyma pattern).
Acute AIH was defined by the presence of acute-onset symptoms
(e.g., jaundice, fatigue and anorexia) in conjunction with a bili-
rubin level >5 mg/dl and/or a serum ALT level greater than 10-
fold higher than the upper limit of normal. AIH relapse was
defined as an increase in the transaminase level to more than
twice the upper limit of normal (ALT level >90 U/L) after the
induction of biochemical remission.32 Biochemical remissionwas
defined as the normalization of aminotransferases and IgG.35

All patients agreed to serum and histological testing, and
written informed consent was obtained. The study protocol con-
formed to the ethical guidelines of the 1975 Declaration of Hel-
sinki andwas approved for theuse of opt-out consent by the ethics
committee of Fukushima Medical University School of Medicine.

Measurement of serum complement protein levels
All samples from AIH patients were collected at the time of
diagnosis before the initiation of immunosuppressive therapy.
Serum samples were stored at -20�C. The serum levels of C3a,
MASP-2, and factor H were measured using commercial enzyme-
linked immunosorbent assay (ELISA) kits according to the man-
ufacturer’s protocol. All ELISA kits were purchased from Hycult
Biotech (Uden, the Netherlands).

Histological analysis
Among 63 patients, 60 underwent percutaneous liver biopsy
using ultrasound guidance with an 18-gauge needle. Of the
remaining three patients, two were diagnosed with liver
cirrhosis, and one had poor health conditions and did not un-
dergo a liver biopsy. The histological findings related to hepatitis
were analyzed in 59 of the 60 patients because two patients
lacked sufficient data. The liver histological findings were
assessed by pathologists who were blinded to the clinical data.
The hepatitis and fibrosis stages were graded according to the
classification method provided by Scheuer and Desmet et al.,36,37

with scores ranging from 0 to 4. The levels of complement reg-
ulators were compared between patients with mild (hepatitis or
fibrosis grade from 0 to 2) and severe (hepatitis or fibrosis grade
of 3 or 4) disease as determined by histological findings.

Statistical analysis
Quantitative variables are presented as the median and inter-
quartile range. Differences in quantitative variables between the
groups were compared by the Mann–Whitney U test. Correla-
tions between serum complement protein levels and laboratory
data were assessed by Spearman’s rank correlation test. Associ-
ations between serum levels of complement factors and storage
periods were analyzed using Student’s t test and Pearson’s cor-
relation test. Receiver operating characteristic (ROC) curves were
built to assess the ability of serum MASP-2 levels to distinguish
AIH from DILI. The AUROC was used to determine predictive
power. Univariate and multivariate logistic regression analyses of
the factors related to AIH severity were performed. Complement
factors, ALT, and TB were included in a multivariate logistic
2vol. 4 j 100497



regression analysis. Univariate and multivariate Cox proportional
hazards models were used to assess associations with the inci-
dence of relapse. Complement factor, TB, PT and prednisolone
(PSL) withdrawal were included in a multivariate Cox propor-
tional hazard model. Survival curves of patients without relapse
were constructed using the Kaplan–Meier method, and the
incidence of relapse in patients with AIH was analyzed using the
log–rank test. Differences were considered statistically signifi-
cant at p <0.05. Data analyses were carried out using Prism 7.0
software (GraphPad Software, La Jolla, CA, USA) and EZR (Sai-
tama Medical Center, Jichi Medical University, Saitama, Japan),38

a graphical user interface for R software (The R Foundation for
Statistical Computing, Vienna, Austria).
Results
Patient characteristics
The characteristics of the patients included in this study are shown
in Table 1. The median age was 57 years, and 89% of the patients
were female. The median follow-up period was 5.3 years (inter-
quartile range: 3.0–13.6 years). Four patients were negative for
anti-nuclear antibodies (6.3%), and 1 patient was positive for anti-
liver kidney microsomal antibodies. The median IAIHG score was
17, and themedian simplified scorewas 7. Fifty-eight patientswere
treated with PSL therapy, and 16 patients were treated with
azathioprine in combination with PSL. Among 63 patients, 10 pa-
tients were classified as having severe AIH (15.8%). There were 34
(53%) patients with AIH in the acute phase. Fifty-nine patients
achieved biochemical remission, but 15 patients experienced a
relapse. We analyzed the association between relapse and azathi-
oprine therapy using Fisher’s exact test. The rates of azathioprine
therapy in patients with and without relapse were 20% (3/15) and
27% (13/48), respectively (p = 0.74). During the follow-up period, 2
patients died due to liver failure. The characteristics of the patients
with and without relapse are also shown in Table 1.

Serum levels of C3a, MASP-2, and factor H in patients with AIH
We analyzed the association between serum levels of comple-
ment factors and storage periods. Serum levels of C3a, Factor H,
Table 1. Patient characteristics.

Variables All pa

Number of patients
Age at diagnosis 57 (4
Sex, male/female
Laboratory data

Aspartate aminotransferase, U/L 319 (73
Alanine aminotransferase, U/L 229 (81
Alkaline phosphatase, U/L 407 (312
Total bilirubin, mg/dl 2.0 (1
Platelet count, ×104/ll 15.8 (13.8
Prothrombin time, % 75 (5
IgG, mg/dl 2,490 (1,975-
Albumin, g/dl 3.5 (2
ANA (<−×40/×80/>−×160)
Severity (mild/moderate/severe) 21

Histological findings
Histological fibrosis (0/1/2/3/4) (n = 60) 7/7/21
Grade of interface hepatitis (0/1/2/3/4) (n = 59) 0/7/2

Scoring
IAIHG score 17 (1
Simplified score 7

Quantitative variables are presented as the median and interquartile range.
ANA, anti-nuclear antibody; IAIHG, International Autoimmune Hepatitis Group.
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and MASP-2 did not show a significant correlation with storage
periods (C3a; r = -0.027, p = 0.82. Factor H; r = -0.22, p = 0.079.
MASP-2; r = -0.19, p = 0.12). Next, we compared serum levels of
complement factors in long storage periods and those of short
storage periods. The cut-off value was 145 months, which is the
median storage period in this study. Serum levels of C3a, Factor
H, and MASP-2 did not show significant differences between
long and short storage periods (serum C3a in short storage pe-
riods vs. serum C3a in long storage periods; 8.16 ± 3.85 lg/ml vs.
7.93 ± 3.82 lg/ml, p = 0.81. Serum Factor H in short storage pe-
riods vs. serum Factor H in long storage periods; 592 ± 186 lg/ml
vs. 542 ± 144 lg/ml, p = 0.248. Serum MASP-2 in short storage
periods vs. serum MASP-2 in long storage periods; 820 ± 714 lg/
ml vs. 694 ± 539 lg/ml, p = 0.43). There was no significant as-
sociation between these serum complement levels and storage
periods. Circulating C3a is generated by the cleavage of C3 via
complement pathway activation. First, we measured the serum
C3a levels in patients with AIH and in HCs. The serum C3a levels
in the AIH group were significantly higher than those in the HC
group (8.86 [5.25-10.5] lg/ml vs.1.60 [0.09-5.61] lg/ml, p <0.001)
(Fig. 1A). Next, we measured the serum MASP-2 and factor H
levels in the AIH and HC groups. The serum MASP-2 levels in the
AIH group were significantly lower than those in the HC group
(631 [353-888] ng/ml vs. 1,204 [831-1,383] ng/ml, p <0.001)
(Fig. 1B). The serum factor H levels were not significantly
different between the AIH and HC groups (547 [455-670] lg/ml
vs. 549 [515-591] lg/ml, p = 0.89) (Fig. 1C).

We further analyzed the associations of serum C3a, MASP-2,
and factor H levels with the severity of AIH. The serum C3a
levels in the AIH group were significantly higher than those in
the control group at all AIH severities (HC, 1.60 lg/ml; mild AIH,
8.83 lg/ml; moderate AIH, 9.19 lg/ml; severe AIH, 8.32 lg/ml)
(Fig. 1A). Although the difference was not statistically significant,
the serum C3a levels in the severe AIH group tended to be lower
than those in the mild and moderate AIH groups. On the other
hand, the serum MASP-2 levels in the AIH group were signifi-
cantly lower than those in the HC group depending on the
severity of AIH (HC, 1,204 ng/ml; mild AIH, 837 ng/ml; moderate
AIH, 583 ng/ml; severe AIH, 422 ng/ml) (Fig. 1B). Interestingly,
tients Without relapse With relapse

63 48 15
7-65) 59 (52-66) 49 (35-57)
7/56 6/42 1/14

-684) 222 (78-559) 482 (67-1041)
-786) 228 (108-659) 343 (58-771)
-575) 406 (296-657) 408 (359-427)
.0-8.1) 1.7 (1.0-7.8) 2.6 (1.0-9.4)
-21.4) 16.3 (13.8-22.1) 14.2 (13.7-18.7)
8-91) 77 (62-91) 69 (50-90)
3,037) 2,502 (2,072-3,081) 2,326 (1,800-2,816)
.9-3.9) 3.5 (3.1-4.0) 3.3 (2.7-3.7)
4/9/50 3/5/40 0/4/11
/32/10 17/24/7 4/8/3

/15/10 5/6/17/11/8 2/1/4/4/2
9/21/1 0/5/23/16/1 0/2/6/5/0

4-22) 17 (14-19) 16 (14-17)
(7-7) 7 (7-7) 7 (6-7)
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Fig. 1. Serum C3a, MASP-2, and factor H levels in AIH patients. The figures show the serum levels of C3a (A), MASP-2 (B), and factor H (C) in AIH patients and
HCs. The serum levels of complement proteins are also shown depending on the severity of AIH. The severity of AIH was classified as mild, moderate, or severe.
The serum levels of MASP-2 (D) and factor H (E) in patients with AIH, CHC, DILI, and liver cirrhosis are shown (Mann–Whitney U test). (F) ROC curves for
distinguishing AIH from DILI by MASP-2 levels. AIH, autoimmune hepatitis; CHC, chronic hepatitis C; DILI, drug-induced liver injury; HC, healthy control; MASP,
mannose-binding lectin-associated serine protease; ROC, receiver operating characteristic.
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the serum factor H levels in the AIH group were significantly
different from those in the HC group depending on the severity
of AIH (HC, 549 lg/ml; mild AIH, 670 lg/ml; moderate AIH, 554
lg/ml; severe AIH, 396 lg/ml) (Fig. 1C). Serum factor H levels in
the mild AIH group were higher than those in the HC group (p =
0.064). Conversely, the serum factor H levels in the severe AIH
group were significantly lower than those in the HC group (p =
0.017). On the other hand, the serum factor H levels were not
significantly different between the moderate AIH and HC groups
(p = 0.89). These results suggest that serum levels of complement
protein vary significantly depending on the severity of AIH.

We measured serum MASP-2 and factor H levels in patients
with liver diseases other than AIH, such as CHC, DILI, and
cirrhosis without AIH (Fig. 1D,E). Serum levels of MASP-2 in
patients with CHC (921 [758-1,012] ng/ml, p = 0.021) or cirrhosis
(656 [445-867] ng/ml, p <0.001) were lower than those in HCs.
Serum levels of MASP-2 in patients with DILI did not show sig-
nificant differences compared with those of HCs (MASP-2: 1,016
[785-1,246] ng/ml, p = 0.51). Serum levels of factor H in patients
JHEP Reports 2022
with CHC (519 [475-725] lg/ml, p = 0.78), DILI (624 [470-775] lg/
ml, p = 0.26), or cirrhosis (512 [423-610] lg/ml, p = 0.22) did not
show significant differences compared with those of HCs. Serum
levels of MASP-2 in patients with AIH were significantly lower
than those in patients with DILI (631 ng/ml vs. 1,016 ng/ml, p
<0.0001). The AUROC of the serum MASP-2 levels for dis-
tinguishing AIH and DILI was 0.784. The sensitivity and speci-
ficity of serum MASP-2 levels for recognizing AIH or DILI
according to the cut-off value of 955 ng/ml were 84% and 65%,
respectively.

Associations of the serum MASP-2 and factor H levels with
laboratory test values and hepatic histological findings
Next, we analyzed the associations of the serum MASP-2 and
factor H levels with the AST, ALT, ALP, TB and PT test values in
patients with AIH. The serum MASP-2 levels were significantly
correlated with TB (r = -0.289, p = 0.026) and PT (r = 0.345, p =
0.008) (Fig. 2A). On the other hand, the serum factor H levels
were significantly correlated with TB (r = -0.42, p <0.001) and PT
4vol. 4 j 100497
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Fig. 3. Serum complement protein levels in AIH patients as determined by histological classification and type of onset. The serum MASP-2 (A and C) and
factor H (B and D) levels are shown (Mann–Whitney U test). The serum complement protein levels were compared between subjects with different histological
classifications (A and B, hepatitis activity and fibrosis) and types of onset (C and D chronic and acute hepatitis phases). CH, chronic hepatitis phase; MASP,
mannose-binding lectin-associated serine protease.
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Table 2. Univariate and multivariate logistic analyses of complement proteins influencing the severity of autoimmune hepatitis.

Univariate Multivariate*

Odds ratio 95% CI p value Odds ratio 95% CI p value

MASP-2, 100 ng/ml 0.78 0.60-1.00 0.053 0.78 0.57-1.06 0.11
Factor H, 100 lg/ml 0.40 0.21-0.77 0.006 0.36 0.15-0.84 0.018

MASP, mannose-binding lectin-associated serine protease.
* Adjusted alanine aminotransferase and total bilirubin.
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(r = 0.34, p = 0.007) as well as with AST (r= -0.31, p = 0.014) and
ALT (r = -0.27, p = 0.032) (Fig. 2B). In addition, the serum levels of
these complement proteins were not significantly correlated
with the serum IgG levels (data not shown). These results indi-
cated that serum levels of MASP-2 and factor H correlated with
laboratory test values associated with liver injury.

We further analyzed the associations of serum MASP-2 and
factor H levels with hepatic histological findings in patients with
AIH. The serum MASP-2 levels in patients with severe histolog-
ical hepatitis were significantly lower than those in patients with
mild histological hepatitis (Fig. 3A). The serum factor H levels
were not significantly correlated with the hepatic histological
findings (Fig. 3B). We also analyzed the associations of the serum
MASP-2 and factor H levels with the onset type of AIH (Fig. 3C,D).
The serumMASP-2 and factor H levels in patients with AIH in the
acute phase were significantly lower than those in AIH patients
in the chronic phase (MASP-2: 548 [299-841] ng/ml vs. 817 [552-
954] ng/ml, p = 0.015. Factor H: 486 [422-589] lg/ml vs. 637
[527-748] lg/ml, p <0.001) (Fig. 3C,D).
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Associations of serum MASP-2 and factor H levels with the
severity of AIH
As shown in Fig. 1, the serum complement protein levels varied
depending on the severity of the disease in patients with AIH. To
determine the complement proteins associated with the severity
of AIH, we performed univariate and multivariate logistic ana-
lyses of the serum levels of MASP-2 and factor H and disease
severity in patients with AIH. Multivariate logistic regression
analyses, including ALT and TB, were performed. As shown in
Table 2, low serum factor H levels were significantly associated
with severe AIH (odds ratio 0.36; 95% CI 0.15-0.84; p = 0.018). On
the other hand, serum MASP-2 levels were not significantly
associated with severe AIH.

Associations of serum MASP-2 and factor H levels with AIH
relapse
Finally, we analyzed the associations of serumMASP-2 and factor
H levels with AIH relapse. The serum MASP-2 and factor H levels
in patients with AIH who relapsed were significantly lower than
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figures show the differences in the complement protein levels between patients
without relapse were constructed using Kaplan–Meier plots (log–rank test) (B).
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Table 3. Univariate and multivariate Cox proportional analyses of complement proteins influencing autoimmune hepatitis relapse.

Univariate Multivariate*

Hazard ratio 95% CI p value Hazard ratio 95% CI p value

MASP-2, <−709 ng/ml 3.24 1.05-9.98 0.040 3.54 0.92-13.6 0.065
Factor H, <−553 lg/ml 4.74 1.36-16.55 0.014 5.19 1.07-25.2 0.041

MASP, mannose-binding lectin-associated serine protease.
* Adjusted total bilirubin, prothrombin time, and prednisolone withdrawal.
those in patients who did not relapse (MASP-2: 514 [295-718]
ng/ml vs. 730 [408-934] ng/ml, p = 0.032. Factor H: 494 [421-
556] lg/ml vs. 555 [458-721] lg/ml, p = 0.044) (Fig. 4A). The
Kaplan–Meier plot showed a higher rate of relapse in the pa-
tients with low serum levels of factor H (log-rank p = 0.006) or
MASP-2 (log-rank p = 0.030) than in the other patients (Fig. 4B).
In univariate Cox hazard analysis, low serum factor H levels and
low serum MASP-2 levels were significantly associated with the
relapse of AIH (Table 3). Furthermore, low serum factor H levels
were significantly associated with AIH relapse features as
determined by multivariate Cox hazard analysis (hazard ratio
5.19; 95% CI 1.07-25.2; p = 0.041).
Discussion
In this study, we observed that patients with AIH had signifi-
cantly higher circulating levels of C3a than HCs, suggesting that
the complement system is activated. Paradoxically, patients with
severe AIH tended to have lower circulating levels of C3a than
those with mild or moderate AIH, suggesting the consumption of
serum C3 in these patients, as reported previously.6 We also
observed significantly lower circulating levels of MASP-2 in pa-
tients with AIH than in HCs and patients with DILI. Interestingly,
the circulating levels of factor H, a negative regulator of the
complement alternative pathway, were significantly correlated
with several laboratory parameters, such as AST, ALT, TB, and PT.
Furthermore, circulating factor H levels were associated with
disease severity and with the incidence of relapse in patients
with AIH.

Further elucidation of the mechanism underlying the com-
plement system in recent years has revealed that dysregulation
or overactivation of the complement system is associated with
several inflammatory diseases. It is known that factor H-deficient
(fH-/-) mice spontaneously develop retinal abnormalities and
nephritis due to overactivation of the complement system.39,40

Recent reports suggest an important protective role of factor H
in chronic liver injury, and fH-/- mice spontaneously develop liver
injury due to excessive activation of the complement alternative
pathway.26 Abundant infiltration of immune cells, especially
monocytes and CD8-positive T cells, was observed in the livers of
fH-/- mice. Monocytes and CD8-positive T cells play important
roles in the pathophysiology of AIH. The serum levels of soluble
CD163, which is a biomarker of activated macrophages, are
elevated in patients with AIH compared with HCs, and sustained
elevation of soluble CD163 is associated with an incomplete
response to treatment.41 Emperipolesis in AIH is predominantly
mediated by CD8-positive T cells, and emperipolesis of CD8-
positive T cells induces the expression of cleaved caspase-3 and
apoptosis.42 Our results suggest that inappropriate complement
activation due to insufficient circulating levels of factor H in-
fluences the pathophysiology of AIH via the modulation of im-
mune cell responses.
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In our study, circulating factor H levels were decreased
depending on the severity of AIH, and patients with severe AIH
had significantly lower circulating factor H levels than HCs.
Interestingly, patients with mild AIH had significantly higher
circulating factor H levels than HCs. These results suggest that the
production of factor H is upregulated to suppress inappropriate
complement activation in patients with mild AIH. In a previous
study on patients with AIH, immunohistochemistry analysis
revealed C3d deposition on hepatocytes but not MAC deposi-
tion.27 This finding may be associated with the role of circulating
factor H because factor H is a cofactor for the factor I-catalyzed
cleavage of C3b to iC3b, which is further cleaved to C3d. Factor H
is also an important inactivator of the alternative pathway
component C3 convertase C3bBb, which generates C5 convertase
(C3bBbC3b) and is ultimately involved in the formation of C5b-9
(MAC) on the cell surface. Therefore, the upregulation of factor
H may efficiently inhibit the formation of MACs on hepatocytes in
patients with mild AIH. Our results also demonstrate that circu-
lating factor H levels are associated with the severity of liver
dysfunction independent of ALT and TB. Furthermore, circulating
factor H levels were negatively correlated with serum amino-
transferase levels. Complement activation features, such as
increased circulating C5a levels and MAC formation on hepato-
cytes, were detected in animal models and patients with acute
liver failure.25,43 In our study, the circulating factor H levels were
lower in patients with AIH in the acute phase than in patients in
the chronic phase. These findings suggest that low circulating
levels of factor H in patients with AIH are associated with disease
progression and with the development of severe AIH.

While corticosteroid therapy is effective and improves liver
injury in patients with AIH, relapse often occurs during the follow-
up period. Although relapse of AIH is usually asymptomatic, it is
associated with disease progression and the deterioration of liver
function.2 PSL withdrawal, high TB levels, and low PT levels have
been reported as risk factors for relapse inpatientswith AIH.44,45 In
our study, low circulating levels of factor H were associated with
relapse independent of PSL withdrawal, TB, and PT. Several other
risk factors for relapse in patients with AIH have been reported,
such as a shorter duration of inactive disease prior to treatment
withdrawal, increased serum ALT and IgG levels at drug with-
drawal, and delayed biochemical remission.46–48 These findings
suggest that the incidence of relapse is associated with sustained
inflammatory and immune responses. Low circulating levels of
factor H inpatientswith AIHmay be associatedwith relapse due to
the insufficient suppression of inflammatory and immune re-
sponses after treatment. MASP-1/3-deficient mice were shown to
lack lectin and alternative pathway activation, but mice with the
combined deficiencies of factor H, MASP-1 and MASP-3 showed
uncontrolled complement activation and developed complement-
mediated renal disease.49 These results indicate that the presence
of factor H is more important than the absence of MASP-1 and/or
MASP-3 in the prevention of complement-mediated renal disease.
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In other words, factor H plays important protective roles in the
development of complement-mediated renal disease. Therefore,
the administration of factor H may be a therapeutic option for pa-
tients with uncontrolled AIH associatedwith low circulating levels
of factor H. There were no significant differences between the rate
of relapse in patients with AIH treated with prednisolone mono-
therapy and that of patients treated with prednisolone and
azathioprine therapy in this study. This result may be associated
with the reason for initiating azathioprine therapy because we
initiated azathioprine therapy for two reasons: one reason was to
induce remission, and the other was to treat relapse.

In this study, serum levels of complement factors did not
correlate with IgG levels. High IgG levels are a hallmark of AIH,
and elevation of IgG levels indicates ongoing inflammatory ac-
tivity in patients with AIH. On the other hand, AIH with acute
presentation shows lower IgG levels than chronic AIH. More than
half of the patients had IgG levels below the upper limit of
normal.50 In patients with AIH with acute presentation, the
levels of ALT or PT and the rate of relapse did not show a sig-
nificant association with the levels of IgG in a previous study. In
this study, 34 patients (53%) were diagnosed with AIH with acute
presentation. The lack of correlation between serum comple-
ment factors and IgG levels in this study may be associated with
the rate of AIH with acute presentation.

Complement activation is initiated via 3 complement activa-
tion pathways: the classical, lectin, and alternative pathways. The
classical complement pathway is initiated by antigen-antibody
complexes with the antibody isotypes IgG and IgM.5 However,
the other 2 pathways can be activated without the involvement of
IgG. MASP-2 plays an essential role in activation of the lectin
pathway, and factor H regulates activation of the alternative
pathway. Interestingly, serum MASP-2 and factor H levels in AIH
with acute presentation showed significant differences compared
to those in chronic AIH. Serum levels of MASP-2 and factor H may
be associated with the liver injury pathway independent of IgG.

MASP-2 is a serine protease that facilitates activation of the
lectin pathway by cleaving C2 and C4.12 Because MASP-2 is
JHEP Reports 2022
mainly produced in the liver, decreased circulating MASP-2
levels in patients with AIH may be associated with decreased
hepatic protein synthesis due to liver dysfunction. Low serum
levels of MASP-2 in patients with cirrhosis in this study may be
associated with decreased hepatic protein synthesis due to liver
dysfunction. Another possible mechanism by which circulating
MASP-2 levels could be decreased in patients with AIH is via the
consumption of MASP-2 through lectin pathway activation. In a
previous report, the peripheral levels of MASP-2 in patients with
myocardial infarction were significantly lower than those in HCs,
and the coronary levels of MASP-2 were negatively correlated
with the myocardial necrosis marker.51 In our study, the circu-
lating MASP-2 levels were significantly lower in patients with
mild AIH than in HCs. Furthermore, serum MASP-2 levels in
patients with AIH were significantly lower than those in patients
with DILI. These results suggest that low circulating MASP-2
levels in patients with AIH may be associated with the con-
sumption of MASP-2 via lectin pathway activation.

There are several limitations in this study. The major limita-
tion of this study is the small sample size, although we did
demonstrate an association between factor H and the clinical
features of patients with AIH. The inclusion period in this study
was very long. Although serum C3a, MASP-2, and factor H levels
did not show a significant association with storage periods, it has
been reported that the serum levels of complement factors may
change during storage.52 We did not histologically analyze
complement deposition in the liver. In addition, the complement
system plays both harmful and protective roles in several con-
ditions. A recent report showed the protective effect of MBL
against liver injury induced by carbon tetrachloride in mice.53

More analyses are needed to elucidate the roles of factor H in
patients with AIH.

In summary, circulating factor H levels were associated with
disease severity and relapse of AIH. Our results suggest that
factor H plays important roles in AIH, but this has not been fully
clarified. Further study is needed to elucidate the contribution of
the complement system to the pathophysiology of AIH.
Abbreviations
AIH, autoimmune hepatitis; ALF, acute liver failure; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; C3, complement factor 3;
C5, complement factor 5; IAIHG, International Autoimmune Hepatitis
Group; MAC, membrane attack complex; MASP, mannose-binding lectin-
associated serine protease; MBL, mannose-binding lectin; PRM, pattern
recognition molecule; PT, prothrombin time; TB, total bilirubin.

Financial support
No funding was received for this study.

Conflict of interest
None of the authors have any conflicts of interest to declare.

Please refer to the accompanying ICMJE disclosure forms for further
details.

Authors’ contributions
M.H., H.S. and H.O. designed the study. M.H. performed the research,
wrote the manuscript and prepared figures. M.H., K.A., M.F., and A.T. ac-
quired and analyzed the data. All authors reviewed the manuscript.

Data availability statement
All data that support the findings in this study can be found within this
article.
Acknowledgments
We thank Chikako Saito and Rie Hikichi for their technical assistance.

Supplementary data
Supplementary data to this article can be found online at https://doi.org/1
0.1016/j.jhepr.2022.100497.

References
Author names in bold designate shared co-first authorship

[1] Heneghan MA, Yeoman AD, Verma S, Smith AD, Longhi MS. Autoimmune
hepatitis. Lancet 2013;382:1433–1444.

[2] Montano-Loza AJ, Carpenter HA, Czaja AJ. Consequences of treatment
withdrawal in type 1 autoimmune hepatitis. Liver Int 2007;27:507–515.

[3] Mack CL, Adams D, Assis DN, Kerkar N, Manns MP, Mayo MJ, et al. Diag-
nosis and management of autoimmune hepatitis in adults and children:
2019 practice guidance and guidelines from the American Association for
the Study of Liver Diseases. Hepatology 2020;72:671–722.

[4] Gronbaek L, Otete H, Ban L, Crooks C, Card T, Jepsen P, et al. Incidence,
prevalence and mortality of autoimmune hepatitis in England 1997-2015.
A population-based cohort study. Liver Int 2020;40:1634–1644.

[5] Ricklin D, Hajishengallis G, Yang K, Lambris JD. Complement: a key system
for immune surveillance and homeostasis. Nat Immunol 2010;11:785–
797.
8vol. 4 j 100497

https://doi.org/10.1016/j.jhepr.2022.100497
https://doi.org/10.1016/j.jhepr.2022.100497
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref1
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref1
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref2
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref2
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref3
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref3
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref3
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref3
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref4
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref4
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref4
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref5
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref5
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref5


[6] Xu GL, Chen J, Yang F, Li GQ, Zheng LX, Wu YZ. C5a/C5aR pathway is
essential for the pathogenesis of murine viral fulminant hepatitis by way
of potentiating Fgl2/fibroleukin expression. Hepatology 2014;60:114–124.

[7] Reis ES, Chen H, Sfyroera G, Monk PN, Kohl J, Ricklin D, et al. C5a receptor-
dependent cell activation by physiological concentrations of desarginated
C5a: insights from a novel label-free cellular assay. J Immunol
2012;189:4797–4805.

[8] Phan TG, Green JA, Gray EE, Xu Y, Cyster JG. Immune complex relay by
subcapsular sinus macrophages and noncognate B cells drives antibody
affinity maturation. Nat Immunol 2009;10:786–793.

[9] Clemenza L, Isenman DE. Structure-guided identification of C3d residues
essential for its binding to complement receptor 2 (CD21). J Immunol
2000;165:3839–3848.

[10] Carroll MC, Isenman DE. Regulation of humoral immunity by comple-
ment. Immunity 2012;37:199–207.

[11] West EE, Kolev M, Kemper C. Complement and the regulation of T cell
responses. Annu Rev Immunol 2018;36:309–338.

[12] Heja D, Kocsis A, Dobo J, Szilagyi K, Szasz R, Zavodszky P, et al. Revised
mechanism of complement lectin-pathway activation revealing the role
of serine protease MASP-1 as the exclusive activator of MASP-2. Proc Natl
Acad Sci U S A 2012;109:10498–10503.

[13] Hayashi M, Machida T, Ishida Y, Ogata Y, Omori T, Takasumi M, et al.
Cutting edge: role of MASP-3 in the physiological activation of factor D of
the alternative complement pathway. J Immunol 2019;203:1411–1416.

[14] Ma YJ, Lee BL, Garred P. An overview of the synergy and crosstalk between
pentraxins and collectins/ficolins: their functional relevance in comple-
ment activation. Exp Mol Med 2017;49:e320.

[15] Dobo J, Szakacs D, Oroszlan G, Kortvely E, Kiss B, Boros E, et al. MASP-3 is
the exclusive pro-factor D activator in resting blood: the lectin and the
alternative complement pathways are fundamentally linked. Sci Rep
2016;6:31877.

[16] Schmidt CQ, Lambris JD, Ricklin D. Protection of host cells by complement
regulators. Immunol Rev 2016;274:152–171.

[17] Kouser L, Abdul-Aziz M, Nayak A, Stover CM, Sim RB, Kishore U. Pro-
perdin and factor h: opposing players on the alternative complement
pathway "see-saw". Front Immunol 2013;4:93.

[18] Medjeral-Thomas NR, Troldborg A, Constantinou N, Lomax-Browne HJ,
Hansen AG, Willicombe M, et al. Progressive IgA nephropathy is associ-
ated with low circulating mannan-binding lectin-associated serine
protease-3 (MASP-3) and increased glomerular factor H-related protein-5
(FHR5) deposition. Kidney Int Rep 2018;3:426–438.

[19] Magro C,Mulvey JJ, Berlin D, Nuovo G, Salvatore S, Harp J, et al. Complement
associated microvascular injury and thrombosis in the pathogenesis of se-
vere COVID-19 infection: a report of five cases. Transl Res 2020;220:1–13.

[20] Machida T, Sakamoto N, Ishida Y, Takahashi M, Fujita T, Sekine H.
Essential roles for mannose-binding lectin-associated serine protease-1/3
in the development of lupus-like glomerulonephritis in MRL/lpr mice.
Front Immunol 2018;9:1191.

[21] Klein RJ, Zeiss C, Chew EY, Tsai JY, Sackler RS, Haynes C, et al. Complement
factor H polymorphism in age-related macular degeneration. Science
2005;308:385–389.

[22] Helmy KY, Katschke Jr KJ, Gorgani NN, Kljavin NM, Elliott JM, Diehl L,
et al. CRIg: a macrophage complement receptor required for phagocytosis
of circulating pathogens. Cell 2006;124:915–927.

[23] Hillebrandt S, Wasmuth HE, Weiskirchen R, Hellerbrand C, Keppeler H,
Werth A, et al. Complement factor 5 is a quantitative trait gene that mod-
ifies liver fibrogenesis in mice and humans. Nat Genet 2005;37:835–843.

[24] Kusakabe J,HataK,MiyauchiH,TajimaT,WangY, Tamaki I, et al. Complement-
5 inhibition deters progression of fulminant hepatitis to acute liver failure in
murine models. Cell Mol Gastroenterol Hepatol 2021;11:1351–1367.

[25] Pham BN, Mosnier JF, Durand F, Scoazec JY, Chazouilleres O, Degos F, et al.
Immunostaining for membrane attack complex of complement is related
to cell necrosis in fulminant and acute hepatitis. Gastroenterology
1995;108:495–504.

[26] Laskowski J, Renner B, Pickering MC, Serkova NJ, Smith-Jones PM,
Clambey ET, et al. Complement factor H-deficient mice develop sponta-
neous hepatic tumors. J Clin Invest 2020;130:4039–4054.

[27] Biewenga M, Farina Sarasqueta A, Tushuizen ME, de Jonge-Muller ESM,
van Hoek B, Trouw LA. The role of complement activation in autoimmune
liver disease. Autoimmun Rev 2020;19:102534.

[28] Tu Z, Li Q, Chou HS, Hsieh CC, Meyerson H, Peters MG, et al. Complement
mediated hepatocytes injury in a model of autoantibody induced hepa-
titis. Immunobiology 2011;216:528–534.

[29] Troldborg A, Thiel S, Trendelenburg M, Friebus-Kardash J, Nehring J,
Steffensen R, et al. The lectin pathway of complement activation in patients
with systemic lupus erythematosus. J Rheumatol 2018;45:1136–1144.
JHEP Reports 2022
[30] Silva AA, Catarino SJ, Boldt ABW, Pedroso MLA, Beltrame MH, Messias-
Reason IJ. Effects of MASP2 haplotypes and MASP-2 levels in hepatitis C-
infected patients. Int J Immunogenet 2018;45:118–127.

[31] Sasaki R, Meyer K, Moriyama M, Kato N, Yokosuka O, Ray RB, et al. Rapid
hepatitis C virus clearance by antivirals correlates with immune status of
infected patients. J Med Virol 2019;91:411–418.

[32] Alvarez F, Berg PA, Bianchi FB, Bianchi L, Burroughs AK, Cancado EL, et al.
International Autoimmune Hepatitis Group Report: review of criteria for
diagnosis of autoimmune hepatitis. J Hepatol 1999;31:929–938.

[33] Hennes EM, Zeniya M, Czaja AJ, Pares A, Dalekos GN, Krawitt EL, et al.
Simplified criteria for the diagnosis of autoimmune hepatitis. Hepatology
2008;48:169–176.

[34] Onji M, Zeniya M, Yamamoto K, Tsubouchi H. Autoimmune hepatitis: diag-
nosis and treatment guide in Japan, 2013. Hepatol Res 2014;44:368–370.

[35] European Association for the Study of the L. EASL clinical practice
guidelines: autoimmune hepatitis. J Hepatol 2015;63:971–1004.

[36] Desmet VJ, Gerber M, Hoofnagle JH, Manns M, Scheuer PJ. Classification of
chronic hepatitis: diagnosis, grading and staging.Hepatology 1994;19:1513–
1520.

[37] Scheuer PJ. Classification of chronic viral hepatitis: a need for reassess-
ment. J Hepatol 1991;13:372–374.

[38] Kanda Y. Investigation of the freely available easy-to-use software ’EZR’
for medical statistics. Bone Marrow Transpl 2013;48:452–458.

[39] Coffey PJ, Gias C, McDermott CJ, Lundh P, Pickering MC, Sethi C, et al.
Complement factor H deficiency in aged mice causes retinal
abnormalities and visual dysfunction. Proc Natl Acad Sci U S A
2007;104:16651–16656.

[40] Pickering MC, Cook HT, Warren J, Bygrave AE, Moss J, Walport MJ, et al. Un-
controlledC3activation causesmembranoproliferativeglomerulonephritis in
mice deficient in complement factor H. Nat Genet 2002;31:424–428.

[41] Gronbaek H, Kreutzfeldt M, Kazankov K, Jessen N, Sandahl T, Hamilton-
Dutoit S, et al. Single-centre experience of the macrophage activation
marker soluble (s)CD163 - associations with disease activity and treat-
ment response in patients with autoimmune hepatitis. Aliment Phar-
macol Ther 2016;44:1062–1070.

[42] Miao Q, Bian Z, Tang R, Zhang H, Wang Q, Huang S, et al. Emperipolesis
mediated by CD8 T cells is a characteristic histopathologic feature of
autoimmune hepatitis. Clin Rev Allergy Immunol 2015;48:226–235.

[43] Liu J, Tan Y, Zhang J, Zou L, Deng G, Xu X, et al. C5aR, TNF-alpha, and FGL2
contribute to coagulation and complement activation in virus-induced
fulminant hepatitis. J Hepatol 2015;62:354–362.

[44] Yeoman AD, Westbrook RH, Zen Y, Maninchedda P, Portmann BC, Devlin J,
et al. Early predictors of corticosteroid treatment failure in icteric pre-
sentations of autoimmune hepatitis. Hepatology 2011;53:926–934.

[45] van Gerven NM, Verwer BJ, Witte BI, van Hoek B, Coenraad MJ, van
Erpecum KJ, et al. Relapse is almost universal after withdrawal of
immunosuppressive medication in patients with autoimmune hepatitis
in remission. J Hepatol 2013;58:141–147.

[46] Hartl J, Ehlken H, Weiler-Normann C, Sebode M, Kreuels B, Pannicke N,
et al. Patient selection based on treatment duration and liver biochem-
istry increases success rates after treatment withdrawal in autoimmune
hepatitis. J Hepatol 2015;62:642–646.

[47] Montano-Loza AJ, Carpenter HA, Czaja AJ. Improving the end point of
corticosteroid therapy in type 1 autoimmune hepatitis to reduce the
frequency of relapse. Am J Gastroenterol 2007;102:1005–1012.

[48] Dhaliwal HK, Anderson R, Thornhill EL, Schneider S, McFarlane E,
Gleeson D, et al. Clinical significance of azathioprine metabolites for the
maintenance of remission in autoimmune hepatitis. Hepatology
2012;56:1401–1408.

[49] Ruseva MM, Takahashi M, Fujita T, Pickering MC. C3 dysregulation due to
factor H deficiency is mannan-binding lectin-associated serine proteases
(MASP)-1 and MASP-3 independent in vivo. Clin Exp Immunol
2014;176:84–92.

[50] Joshita S, Yoshizawa K, Umemura T, Ohira H, Takahashi A, Harada K, et al.
Clinical features of autoimmune hepatitis with acute presentation: a
Japanese nationwide survey. J Gastroenterol 2018;53:1079–1088.

[51] Zhang M, Hou YJ, Cavusoglu E, Lee DC, Steffensen R, Yang L, et al. MASP-2
activation is involved in ischemia-related necrotic myocardial injury in
humans. Int J Cardiol 2013;166:499–504.

[52] Morgan AR, O’Hagan C, Touchard S, Lovestone S, Morgan BP. Effects of
freezer storage time on levels of complement biomarkers. BMC Res Notes
2017;10:559.

[53] Zhou J, Li J, Yu Y, Liu Y, Li H, Liu Y, et al. Mannan-binding lectin deficiency
exacerbates sterile liver injury in mice through enhancing hepatic
neutrophil recruitment. J Leukoc Biol 2019;105:177–186.
9vol. 4 j 100497

http://refhub.elsevier.com/S2589-5559(22)00069-6/sref6
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref6
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref6
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref7
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref7
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref7
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref7
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref8
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref8
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref8
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref9
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref9
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref9
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref10
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref10
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref11
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref11
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref12
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref12
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref12
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref12
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref13
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref13
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref13
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref14
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref14
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref14
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref15
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref15
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref15
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref15
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref16
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref16
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref17
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref17
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref17
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref18
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref18
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref18
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref18
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref18
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref19
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref19
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref19
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref20
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref20
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref20
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref20
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref21
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref21
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref21
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref22
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref22
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref22
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref23
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref23
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref23
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref24
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref24
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref24
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref25
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref25
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref25
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref25
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref26
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref26
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref26
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref27
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref27
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref27
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref28
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref28
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref28
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref29
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref29
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref29
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref30
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref30
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref30
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref31
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref31
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref31
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref32
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref32
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref32
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref33
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref33
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref33
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref34
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref34
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref35
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref35
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref36
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref36
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref36
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref37
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref37
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref38
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref38
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref39
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref39
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref39
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref39
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref40
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref40
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref40
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref41
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref41
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref41
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref41
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref41
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref42
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref42
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref42
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref43
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref43
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref43
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref44
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref44
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref44
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref45
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref45
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref45
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref45
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref46
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref46
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref46
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref46
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref47
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref47
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref47
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref48
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref48
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref48
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref48
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref49
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref49
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref49
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref49
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref50
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref50
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref50
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref51
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref51
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref51
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref52
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref52
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref52
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref53
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref53
http://refhub.elsevier.com/S2589-5559(22)00069-6/sref53

	JHEPR100497_grabs
	JHEPR100497_proof
	Circulating complement factor H levels are associated with disease severity and relapse in autoimmune hepatitis
	Introduction
	Patients and methods
	Patients
	Measurement of serum complement protein levels
	Histological analysis
	Statistical analysis

	Results
	Patient characteristics
	Serum levels of C3a, MASP-2, and factor H in patients with AIH
	Associations of the serum MASP-2 and factor H levels with laboratory test values and hepatic histological findings
	Associations of serum MASP-2 and factor H levels with the severity of AIH
	Associations of serum MASP-2 and factor H levels with AIH relapse

	Discussion
	Financial support
	Conflict of interest
	Authors’ contributions
	Data availability statement
	Supplementary data
	References



