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Background. Primary biliary cholangitis-autoimmune hepatitis overlap syndrome (PBC-AIH OS), which exhibits features between
autoimmune hepatitis and cholestasis, is a common condition and usually shows a progressive course toward cirrhosis and liver
failure without adequate treatment. Synthesis of bile acids (BAs) plays an important role in liver injury in cholestasis, and the
process is regulated by fibroblast growth factor 19 (FGF19). The overall role of circulating FGF19 in BA synthesis and PBC-AIH
OS requires further investigation. Methods. We analyzed BA synthesis and correlated clinical parameters with serum BAs and
FGF19 in 35 patients with PBC-AIH OS. Serum concentrations of 7alpha-hydroxycholest-4-en-3-one (C4) were used to
quantify the synthesis of BA directly. Results. Serum FGF19 levels were higher, while C4 levels were substantially lower in PBC-
ATH OS patients than those in healthy controls. Circulating FGF19 levels strongly correlated with C4 (r =-0.695, p < 0.0001),
direct bilirubin (r=0.598, p=0.0001), and total bile acids (r=0.595, p=0.002). Moreover, circulating FGF19 levels strongly
correlated with the model for end-stage liver disease score (r=0.574, p=0.0005) and Mayo risk score (r=0.578, p=0.001).
Conclusions. Serum FGF19 is significantly increased in patients with PBC-AIH OS, while BA synthesis is suppressed. Circulating
FGF19 primarily controls the regulation of BA synthesis in response to cholestasis and under cholestatic conditions. Therefore,

modulation of circulating FGF19 could provide a promising targeted therapy for patients with PBC-AIH OS.

1. Introduction

Autoimmune liver diseases (AILD) comprise a spectrum of
immune-mediated diseases targeting hepatocytes and bile
ducts and involve autoimmune hepatitis (AIH), primary
biliary cirrhosis (PBC), and primary sclerosing cholangitis
(PSC). A subgroup of patients may exhibit features of 2 dif-
ferent autoimmune liver diseases (commonly defined as
overlap syndromes), with PBC-AIH overlap syndrome
(PBC-AIH OS) being the most common [1, 2]. The reported
morbidity of PBC-AIH OS is 2 to 20% in PBC patients [1, 3];
however, it is generally presumed that the morbidity of
PBC-AIH OS is almost 8-10% in adult patients with either
ATH or PBC [4, 5]. It is reported that patients with PBC-
ATH OS are vulnerable to developing complications related
to end-stage liver disease (esophageal varices, gastrointesti-

nal bleeding, ascites, and liver transplant) and lower 5-year
survival rates [6, 7].

Within the spectrum of immune-mediated diseases tar-
geting the hepatocytes and bile ducts, PBC-AIH OS patients
present with characteristics of both hepatocellular injury
(AIH) and cholestatic features (PBC) [1]. Cholestasis is one
of the key characteristics of the PBC-AIH OS, and the accu-
mulation of bile acids (BAs) in the liver can play a significant
role in consequent progression of the disease, involving
inflammation, fibrosis, and ultimately cirrhosis, cancer, and
liver failure [8-12]. BA synthesis plays an important role in
liver injury in cholestasis.

The control of BA homeostasis occurs through a complex
network of pathways regulated by nuclear receptors in the
liver [13]. One of the key regulators is fibroblast growth fac-
tor 19 (FGF19). As part of a complex enterohepatic feedback
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mechanism, FGF19 is a hormone that is secreted in the intes-
tine and is transferred to the liver through portal circulation.
When FGF19 binds to its receptors, fibroblast growth factor
receptor 4 and B-Klotho, the mitogen-activated protein
kinase pathways are activated and the expression of cyto-
chrome P450 family 7 subfamily A member 1 (CYP7Al,
the rate-limiting enzyme for BA synthesis) is suppressed
and the synthesis of BA is inhibited [14]. FGF19 is not
expressed in normal liver tissue, but its expression is
increased under conditions of both extrahepatic and intrahe-
patic cholestasis [14, 15]. Previous studies suggest that circu-
lating FGF19 are increased in patients with various liver
diseases, involving alcoholic hepatitis as well as PBC [16,
17]; however, the general function of serum FGF19 and syn-
thesis of BA in PBC-AIH OS is still unclear and warrants fur-
ther investigation. These studies could provide implications
for potential therapeutic benefits derived from pharmacolog-
ical suppression of BA synthesis through modulation of
CYP7AL1 expression and/or activity. In the presented study,
we employed the use of measuring serum concentrations of
7alpha-hydroxycholest-4-en-3-one (C4) to directly quantify
the synthesis of BA in patients with PBC-AIH OS, where
FGF19 and relevant clinical parameters were investigated.
Our assessment of the correlations between serum FGF19,
synthesis of BA, cholestasis, and prognosis advances our
understanding of the pathophysiology of PBC-AIH OS and
allows the potential therapeutic benefits of suppressing
hepatic BA synthesis to be evaluated.

2. Patients and Methods

2.1. Patients. All of the enrolled patients were diagnosed and
followed up at the Third Affiliated Hospital of Sun Yat-sen
University between 2014 and 2018 in this study. The current
study was approved by The Hospital Ethics Committee of the
Third Affiliated Hospital of Sun Yat-sen University. PBC-
AIH OS was diagnosed depending on the Paris criteria,
which is commonly employed to diagnose PBC-AIH overlap,
requiring at least 2 of the 3 accepted key criteria for the diag-
nosis of PBC: (1) alkaline phosphatase (ALP) > 2 upper nor-
mal limit (UNL) or y-glutamyl transpeptidase (GGT) >5
ULN, (2) seropositivity for antimitochondrial antibody
(AMA), and (3) a liver biopsy specimen presenting florid bile
duct injuries. The concomitant diagnosis of AIH requires the
existence of at least 2 of the following criteria: (1) alanine
aminotransferase ~ (ALT) levels and/or  aspartate
aminotransferase (AST) >5 ULN, (2) seropositivity for
anti-smooth muscle antibody (ASMA) or serum immuno-
globulin G (IgG) levels > 2 ULN, and (3) a liver biopsy pre-
senting moderate or severe periportal or periseptal
lymphocytic piecemeal necrosis [4]. Cirrhosis was diagnosed
according to either liver biopsy or an image, such as ultraso-
nography computed tomography, or magnetic resonance
imaging. There were 10 individuals with no clinical findings
(according to the previous medical records), physical exami-
nation, or serum biochemistry which were involved as
healthy controls in this research. Blood samples were
acquired with the written consent from the patients and
approval of the hospital ethics committee. The standard clin-
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ical laboratory methods were used to measure the biochemi-
cal parameters.

The treatment for PBC-AIH OS patients was based on
the clinical guideline and adjusted according to the individ-
ual clinical feature of patients. The PBC-AIH OS patients
were treated with UDCA at a standard dose. We used immu-
nosuppressive treatment and UDCA in patients with severe
interface hepatitis, and consideration in patients with moder-
ate interface hepatitis [18-20]. A biochemical response for
the AIH component was designated according to guidelines
from the American Association for the Study of Liver Disease
[19], while a biochemical response for the PBC component
was designated according to the Paris criteria [20]. Patients
who met the recommended response criteria for both AIH
and PBC were designated as biochemical responders.

2.2. Measurement of Serum FGF19 and C4. The levels of
serum FGF19 were measured by the sandwich enzyme-
linked immunosorbent assay (ELISA) (BioVendor, USA),
according to the manufacturer’s instructions. The stable iso-
tope dilution and multiple reaction monitoring methods
were used to measure serum C4 concentrations; HPLC and
ionized by electrospray ionization were used to separated
C4 from other sterols [21]. The analytic measurement of this
method is range from 0.5 ng/mL to 200 ng/mL.

2.3. Statistical Analysis. The baseline demographic and clini-
cal characteristics are listed as percentages or means with
standard error of the mean (SEM); Student’s ¢t or Mann-
Whitney U tests were employed to estimate the continuous
data when chi-square or Fisher’s exact tests were employed
to estimate the categorical data. Pearson’s correlation or the
Spearman rank method was employed to estimate the corre-
lation of data. Included assessment of all parameters showing
highly significant correlations in the univariate analysis as
covariates, multiple linear regression analyses were con-
ducted to identify independent relationships and adjust the
effects of covariates. SPSS statistics version 19 (IBM,
Armonk, NY, USA) was employed to perform statistical
analyses. All analyses were two sided, and differences were
defined statistically significant when p < 0.05.

3. Results

3.1. Demographic and Clinical Characteristics of Patients with
PBC-AIH OS and Healthy Control Individuals. Thirty-five
PBC-AIH OS patients (twenty-one noncirrhotic and four-
teen cirrhotic) and ten healthy control individuals were
included in this research (Table 1). The serum levels of liver
enzymes (ALT, AST, ALP, and GGT), bilirubin (TBIL and
DBIL), total bile acids (TBA), globulin (GLB), IgM, and
IgG were significantly elevated in patients with PBC-AIH
OS (both noncirrhotic and cirrhotic) when compared to
healthy control individuals. In contrast, serum albumin
(ALB) levels were significantly decreased in patients with
PBC-AIH OS regardless of cirrhosis when compared to
healthy control individuals. In addition, TBA, INR, Mayo
risk score, and MELD score were significantly higher in
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TasLE 1: Clinical and laboratory parameters of PBC-AIH OS patients and healthy controls.

Feature Healthy controls Noncirrhotic PBC-AIH OS patients Cirrhotic PBC-AIH OS patients

(n=10) (n=21) (n=14)
Age (years) 53.00 +5.07 49.29+2.03 54.57 +2.93
Gender (% male) 40 9.52 35.71
FGF19 (pg/mL) 255.94 £48.54 771.51 +234.97" 2281.25 + 516.34*#
C4 (ng/mL) 17.98 £3.04 11.24 +3.82" 1.61+0.51*#
ALT (U/L) 16.30 £ 1.17 196.38 +35.31" 170.99 + 63.54"
AST (U/L) 22.20+£1.20 155.67 +£20.41" 199.33 + 46.90"
TBIL (ymol/L) 12.29 £ 1.62 75.25 +22.56" 135.15 +38.36"
DBIL (pmol/L) 3.85+0.46 56.64 + 18.52" 101.59 +28.96"
GGT (U/L) 26.90 £5.16 452.71 £ 102.63" 144.36 + 31.55*#
ALP (U/L) 54.90 + 4.66 293.48 +50.32" 238.14 +35.50"
TBA (umol/L) 2.62+0.48 95.08 +21.33" 208.09 + 40.90*#
ALB (g/L) 44.43 +0.66 38.65 +0.74" 34.25+1.56"#
GLB (g/L) 27.13+1.16 33.63+1.11" 36.30 +3.09"
INR 1.21+0.16 1.06 +0.08 1.39+0.13%
IgG (g/L) 12.43 £0.83 17.00 + 1.08" 22.25+2.25"
IgM (g/L) 1.19+£0.14 4.20+0.89" 1.99 +0.25"
Creatinine (ymol/L) 61.22 +6.82 65.71 £5.35 70.84 +12.41
MELD score na. 6.31+1.32 11.72+1.84%
Mayo risk score na. 5.56 +0.37 6.77 +0.44%
Liver biopsy available 0 9 4

*p < 0.05 when compared to healthy control. p < 0.05 when compared to noncirrhotic PBC-ATH OS patients.

cirrhotic PBC-AIH OS patients when compared to those in
noncirrhotic PBC-AIH OS patients.

3.2. The Serum Levels of FGF19 and C4. The serum levels of
FGF19 were significantly elevated in PBC-AIH OS patients
compared to healthy control individuals (1375.41 +276.31
vs. 255.94 + 48.54 pg/mL; p = 0.001) (Figure 1(a)). Moreover,
the serum levels of FGF19 in noncirrhotic PBC-AIH OS
patients were significantly elevated than those in healthy con-
trol individuals (771.51 +234.97 vs. 255.94 + 48.54 pg/mL;
p=0.028) and the serum levels of FGF19 in cirrhotic
PBC-AIH OS patients were significantly elevated com-
pared to those in either healthy control individuals
(2281.25+516.32 vs. 255.94 + 48.54pg/mL; p<0.001) or
noncirrhotic PBC-AIH OS patients (2281.25+516.32 vs.
771.51 +234.97 pg/mL; p=0.001) (Table 1) (Figure 1(c)).
The serum levels of C4 were significantly decreased in
PBC-AIH OS patients compared to those in healthy con-
trol individuals (7.39+2.42 vs. 17.98 +3.04ng/mL; p <
0.001) (Figure 1(b)). In addition, the serum levels of C4
in noncirrhotic PBC-AIH OS patients were significantly
decreased than those in healthy control individuals
(11.24+3.82 vs. 17.98 +3.04ng/mL; p=0.015) and the
serum levels of C4 in cirrhotic PBC-AIH OS patients were
significantly decreased than those in healthy control indi-
viduals (1.61+0.51 vs. 17.98 + 3.04ng/mL; p <0.001) and
noncirrhotic PBC-AIH OS patients (1.61+0.51 vs. 11.24

+3.82ng/mL; p=0.004) (Table 1) (Figure 1(d)). Simulta-
neously, we detected negative correlations between the
serum levels of FGF19 and C4 (r=-0.695, p<0.001)
(Figure 2(a)).

3.3. Clinical and Laboratory Parameters Related to FGFI9.
Serum levels of TBIL, DBIL, and TBA are typical indicators
of cholestasis. Prominently, positive correlations were
detected between the serum levels of FGF19 and TBIL
(r=0.595, p=0.002), FGF19 and DBIL (r=0.598, p=
0.0001), and FGF19 and TBA (r =0.595, p = 0.002) (Figure)
in patients with PBC-AIH OS (Figures 2(b)-2(d)).

The model for end-stage liver disease (MELD) score
(based on a calculation including the international normal-
ized ratio (INR), the bilirubin level, and the creatinine level)
has been commonly employed to assess the disease severity
and outcomes in liver disease patients [22]. In the present
research, a clear positive correlation between the MELD
score and the serum levels of FGF19 (r = 0.574, p = 0.0005)
(Figure 2(e)) was detected. Moreover, a clear positive correla-
tion between the MELD score and the serum levels of TBA
(r=0.648, p <0.0001) (Figure 2(f)) was detected.

Calculated from a series of potential risk factors (involv-
ing the age, bilirubin and albumin levels, prothrombin time,
and the existence of peripheral edema and diuretic treat-
ment), the Mayo risk score has been commonly employed
to assess the outcomes of patients with PBC [23]. In the



BioMed Research International

3000 25 1 3000 - w# 25 1
2500 - 20 A 2500 - T 20
—
E 2000 = ' 2000 a «
B3 * g 151 = 15 4
a RS Y £
o 1500 1 :é: o . 1500 ¥
) 1 = = 10 -
O 1000 - o & * @)
0 T S 1000 T
i 54 5 -
500 500 - 5 #
o | . : 04 o LI : 0- | ==
g e g = g < 2 g £ 32
2 i 3 < - - -
g J £ Q £ £ £ £ £
g = g & 5§ Z 0O g~ °
T T T T
() (b) (0 (d)
FiGUre 1: Serum FGF19 and C4 concentrations.
r=-0.695, P < 0.0001 r=0.595, P = 0.002 r=10.598, P =0.0001 r=0.595, P =0.002
2.0 N 3 3 3
S s S
- o0 ) )
z 2 2 <
_§D = 2 1 __1 2 o 27
— 3 — -~
K £ g . g
2 31 51 2 .
< = A = [ R} 1 o o0
) [aa}
© = 8 0,.“ 0 = ’
0 T T T | 0 T T T \ 0 T T T 1
FGF19 pg/mL logg 20 25 30 35 40 20 25 30 35 40 20 25 30 35 40
FGF19 pg/mL lo FGF19 pg/mL lo
FGF19 pg/mL log, Pg/ 810 Pg/mmL 0810
() (b) (c) (d)
r =0.574, P = 0.0005 r=0.648, P < 0.0001 r=0.578, P =0.001 r=10.775, P < 0.0001
1.5 1 1.5 7 1.1 1.1
(] ‘. = 1.0 =) L0
L[] o0 U 1 5 1.0 1
O% o 0 : b% 2 .§D o ‘0
2 1.0 1 S 1.0 1 L 0.9 1 © 0.9 00
) 5} o = L/
= = Q 8 [
3 8 2 081 2 08 1
@ @» i) () ,_:40 .
8 o5 o . /] 05 5074 2 07 . .
25| ‘e, = =3 2.
p = S 0.6 S 061 .
0.0 e T T 1 0.0 T — 1 0.5 T T T 1 0.5 T T 1
20 25 30 3.5 4.0 0 1 2 3 20 25 30 35 4.0 0 1 2 3

FGF19 pg/mL log,, TBA pmol/L log;,

(e) ()

FGF19 pg/mL log, TBA pmol/L log,

(® ()

FIGURE 2: Laboratory and clinical parameters associated with FGF19.

present research, a clear positive correlation between the
Mayo risk score and serum levels of FGF19 (r=0.578, p=

0.001) (Figure 2(g)) was detected. Moreover, a clear positive
correlation between the Mayo risk score and serum levels of
TBA (r=0.775, p <0.0001) (Figure 2(h)) was detected.

The correlations between serum FGF19 and hepatic inflam-
mation grade and fibrosis stage were evaluated from 13 patients
from whose liver biopsy were available. In the present research,
we observe a significant positive correlation between serum
levels of FGF19 and the patients’ fibrosis stage (r = 0.581, p =
0.037). A positive correlation was detected between serum
FGF19 levels and the patients’ inflammation grade (r = 0.481,
p =0.096), but there was no statistical significance.

Univariate regression analysis showed significant positive
correlations of FGF19 with bilirubin (TBIL and DBIL), and
TBA levels (Table 2). In the present research, we observe a sig-
nificant positive correlation between serum levels of FGF19
and the patients’ fibrosis stage, as well as their MELD score
and Mayo risk score (Table 2). A multivariate analysis of these
data reveals that TBA was an independent variable of serum
FGF19 (p =0.001) in PBC-AIH OS patients (Table 3).

3.4. Serum FGF19, Patient Prognosis, and Biochemical
Responsiveness. Among the 35 patients with PBC-AIH OS,
there were 14 biochemical responders and 21 biochemical
non-responders. Prominently, serum levels of FGF19 were
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TaBLE 2: Univariable regression analysis of clinical and laboratory
parameters associated with FGF19.

Variables B SE  pvalue 95% CI R?

TBIL (umol/L)  0.528 0.126 <0.001 0.271-0.785 0.346
DBIL (umol/L) ~ 0.423 0.100 <0.001 0.220-0.627  0.352
TBA (umol/L) 0479 0.116 <0.001 0.242-0.716  0.339
MELD score 0.724 0.190 0.001  0.336-1.111 0.318
Mayo risk score  2.011  0.608  0.002  0.769-3.253  0.267
Fibrosis stage 0.253  0.107  0.037  0.018-0.487 0.338

TaBLE 3: Multivariable regression analysis of clinical and laboratory
parameters associated with FGF19.

95% CI R?
0.208-0.732  0.585

Variables B SE
TBA (umol/L) 0470 0.128

p value
0.001

significantly elevated (p=0.040) in biochemical nonre-
sponders (patients who responded to therapy incompletely)
(1681.52+389.65) compared to those in biochemical
responders (916.23 +348.99) (Figure 3(a)). Conversely,
serum C4 concentrations in the biochemical nonresponders
were numerically lower, but not statistically different from
the levels found in the biochemical responders (6.98 +3.76
vs. 8.00 +2.33, p=0.143) (Figure 3(b)). As compared to the
biochemical responders, serum liver enzyme levels (ALP and
AST), bilirubin (TBIL and DBIL), TBA, and Mayo risk scores
were significantly elevated in the biochemical nonresponders.
On the contrary, serum ALB levels were significantly reduced
in the biochemical non-responders. Clinical and laboratory
features of patients with PBC-AIH OS are presented in
Table 4 as a function of their response to treatment.

In the binary logistic regression analysis, the serum TBA
level was a risk factor of nonresponse to treatment in PBC-
AIH OS patients (OR 1.028; 95% CI, 1.008 to 1.048; p=
0.006) (Table 5).

No correlations between serum FGF19 and liver enzymes
(AST, ALT, GGT, and ALP) were observed in patients with
PBC-AIH OS. Similarly, no correlations between IgM, IgG,
and serum FGF19 (Figure 4) were detected in patients with
PBC-AIH OS patients enrolled in the presented research.

4. Discussion

The presented research has surveyed the correlation between
FGF19, BAs, and other clinical parameters in PBC-AIH OS
patients. PBC-AIH OS patients present with features of both
hepatocellular injury and cholestasis [1]. PBC-AIH OS
patients had significantly increased serum levels of ALT
and AST, which are typically employed to indicate the injury
of hepatocyte. Similarly, PBC-AIH OS patients had signifi-
cantly increased serum TBIL, DBIL, and TBA levels, which
are typically employed to indicate cholestasis. The role of
FGF19 in the regulation of BA synthesis is less well investi-
gated in PBC-AIH OS, given the relatively low incidence.
The current report shows for the first time that serum levels
of FGF19 are notably elevated in PBC-AIH OS patients, espe-

cially patients with cirrhosis. As part of a complicated enter-
ohepatic feedback mechanism, circulating FGF19 regulates
synthesis of BA in the liver by inhibiting the expression of
the gene encoding CYP7A1, the rate-limiting enzyme for
BA synthesis [24]. Serum C4, a direct intermediate product
of CYP7A1 in the process of BA synthesis and a marker for
BA synthesis [25, 26], was hence significantly decreased in
PBC-AIH OS patients, especially cirrhotic patients. The
strong correlation between circulating FGF19 and C4, liver
fibrosis stage, and the degree of cholestasis (as reflected by
TBA and bilirubin) (Figures 2(b)-2(d)) in PBC-AIH OS
patients indicates the regulation of BA synthesis (mediated
via CYP7AL) is still controlled by circulating FGF19. These
data support the hypothesis that the feedback mechanism
of physiological FGF19 regulating synthesis of BA is still
intact in patients with PBC-AIH OS.

A strong correlation exists between FGF19, and the
severity of cholestasis, FGF19, and synthesis of BA
(Figure 2) was detected in patients with PBC-AIH OS. On
the contrary, serum levels of FGF19 presented no relation-
ship with any of the liver enzymes, IgG, or IgM (Figure 4).
These observations are in accordance with previous studies
in patients with PBC [17, 27]. One potential explanation is
that the level of FGF19 depends mainly on the accumulation
of hepatic BAs and the degree of cholestatic condition in
PBC-AIH OS patients.

The MELD score is commonly employed to assess disease
severity and prognosis in liver disease patients [22], and the
Mayo risk score is commonly employed to assess the outcomes
of patients with PBC [23]. In the present study, a clear positive
correlation was observed between the serum FGF19 levels and
the MELD scores (r = 0.574, p = 0.0005) (Figure 2(e)) as well
as Mayo risk scores (r = 0.578, p = 0.001) (Figure 2(g)). In addi-
tion, a strong correlation between the serum FGF19 levels and
the liver fibrosis stage was detected in this study. Assessment
of the biochemical response indicated that biochemical nonre-
sponders had significantly higher serum levels of FGF19
(Figure 3(a)). In summary, this study suggests that serum levels
of FGF19 demonstrate the disease state and could help to indi-
cate the potential prognosis of patients with PBC-ATH OS. Fur-
thermore, a clear positive correlation was observed between the
serum TBA levels and the MELD scores (r = 0.648, p < 0.0001)
and Mayo risk scores (r =0.775, p < 0.0001). These data sup-
port the notion that BA is central to the pathogenesis of
cholestasis-induced liver injury regardless of the etiology [28].

In clinical practice, the treatment approach for PBC-ATH
OS patients is debated. Therapy recommendations for PBC-
ATH OS are empiric, relying on retrospective studies and
treatment experience for either PBC or AIH, as randomized
controlled trial data are not available for relatively rare dis-
eases. For patients with PBC-AIH OS, the choice between
therapy with ursodeoxycholic acid (UDCA) alone or com-
bined with immunosuppressive therapy remains controver-
sial. Several studies have indicated a positive response to
the combination of UDCA and immunosuppressive treat-
ment in PBC-AIH OS patients, and this approach is currently
the preferred therapeutic regimen [4, 29-31]. However, sev-
eral studies have also indicated that therapy with UDCA
alone is sufficient for PBC-AIH OS patients [32, 33].
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TasLE 4: Clinical and laboratory parameters of biochemical responders and non-responders in PBC-AIH OS patients.
Feature Biochemical responders Biochemical non-responders value
(n=14) (n=21) p
Age (years) 53.64+2.92 49.91 +2.12 0.296
Gender (% male) 14.29 23.81 0.676
Cirrhosis 4 10 0.311
FGF19 (pg/mL) 916.23 + 348.99 1681.52 + 389.65 0.040
C4 (ng/mL) 8.00 £2.33 6.98 +3.76 0.143
ALT (U/L) 163.49 + 63.69 201.38 +34.97 0.105
AST (U/L) 130.26 + 44.60 201.71 £ 21.06 0.001
TBIL (ymol/L) 34.85+15.83 142.12 + 29.66 <0.001
DBIL (/,tmol/L) 20.81+11.84 110.49 +22.92 <0.001
GGT (U/L) 269.79 £ 123.46 369.10 + 77.86 0.089
ALP (U/L) 196.14 + 57.49 321.48 +37.33 0.001
TBA (umol/L) 40.69 +11.49 206.68 + 28.76 <0.001
ALB (g/L) 40.48 +1.11 34.50 £ 0.86 <0.001
GLB (g/L) 35.21+1.80 34.36 +2.02 0.772
INR 1.06 £ 0.06 1.28+0.11 0.085
IgG (g/L) 17.85+1.31 20.08 +1.81 0.592
IgM (g/L) 3.40+£0.98 3.21+0.68 0.710
Creatinine (ymol/L) 85.01 +13.79 57.18 +2.79 0.069
MELD score 6.32+1.74 9.91 +£1.50 0.089
Mayo risk score 4.74+0.19 6.78 £0.37 <0.001

TaBLE 5: Binary logistic regression analysis of clinical and
laboratory parameters associated with biochemical response.

Variables B SE OR  pvalue 95% CI

TBA (umol/L) 0.027 0.010 1.028 0.006 1.008-1.048

Whether the treatment utilizes UDCA alone or in combina-
tion with immunosuppressive treatment, we face the prob-
lem that the standard immunosuppressive therapy for AIH
(steroids with or without azathioprine) [34] could cause an
adverse effect on the metabolism of calcium in patients with
PBC-AIH OS, leading to osteoporosis [30, 35], whereas
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FIGURE 4: Serum FGF19 levels and liver enzymes, IgG, and IgM.

UDCA alone appears to be insufficient in controlling hepatic
inflammation and may exhibit suboptimal responses in PBC-
AIH OS [4].

In this study, we have suggested that BA may be central to
the pathogenesis and treatment response of PBC-AIH OS
and that serum FGF19 regulates the synthesis of BA in these
patients. However, serum levels of FGF19 were significantly
elevated (p=0.040) when serum C4 concentrations were
lower (however, not statistically different) in biochemical
non-responders compared to those in biochemical
responders (Figure 3(b)). This result suggests that synthesis
of BA was not inhibited sufficiently in patients with PBC-
ATH OS who failed to respond to treatment. Targeting these
patients for further inhibition of BA synthesis via pharmaco-
logical intervention may provide significant therapeutic ben-
efits. In addition, serum levels of TBA were not influenced by
the inhibition of BA synthesis in patients with PBC-ATH OS.
Collectively, these findings indicate that the physiological
FGF19 feedback mechanism regulating the synthesis of BA
is not sufficiently robust to counter or reverse the progression
of disease, especially in PBC-ATH OS patients who failed to
respond to treatment. Activating this mechanism by enhanc-
ing resident FGF19, via pharmacological intervention with
FGF19 or an appropriate analogue, may supply a powerful
and novel therapeutic approach to treating PBC-AIH OS
patients. Indeed, NGM282, an analogue of FGF19, has been
shown to significantly suppress BA synthesis and reduce
ALP, GGT, ALT, AST, IgG, and IgM levels with an accept-
able safety profile in PBC patients, including PBC patients
unresponsive to UDCA treatment [36, 37]. Treatment with
NGM282 was associated with decreases in IgG and IgM

levels, indicating a potential immune disease-modifying
activity [36]. Though serum levels of FGF19 presented no
relationship with any of the liver enzymes or the liver inflam-
mation grade in PBC-ATH OS patients, the BA synthesis sup-
pression and potential immune disease-modifying activity
characteristic of NGM282 may present an effective approach
to treatment of PBC-AIH OS.

This research has its limitations. First, this investigation
was a small-scale single-center cohort study and liver biopsy
was available in only 13 patients. Second, it is too limited to
obtain a definite conclusion of immunosuppressive treat-
ment effects in PBC-AIH OS patients. Third, the origins of
elevated serum FGF19 and the expression of FGF19 in the
liver of PBC-AIH OS patients were undefined.

5. Conclusions

This study suggests that serum FGF19 levels increase propor-
tionally in response to the degree of cholestasis and severity
of the disease in PBC-AIH OS patients. The elevated serum
FGF19 lead to inhibition of BA synthesis. Moreover, the
measurement of serum FGF19 levels, accompanied by MELD
scores and Mayo risk scores, could be potentially employed
to demonstrate the severity and prognosis in PBC-AIH OS
patients. BA may be central to the pathogenesis of PBC-
AIH OS, and FGF19-mediated inhibition of BA synthesis
seems to manage in these patients. Pharmacological inter-
vention with an FGF19 analogue (such as NGM282) may
provide significant therapeutic benefits in treating PBC-
AIH OS patients.



Data Availability

The datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.

Conflicts of Interest

There are no conflicts of interest to declare.

Authors’ Contributions

Yu-Tian Chong and Xiang-Yong Li performed the conceptu-
alization. Zhan-Yi Li, Yu Liu, Fangji Yang, and Yuan-Kai Wu
helped in data curation. Zhan-Yi Li, Yu Liu, Yuan-Kai Wu,
and Fang-Ji Yang analyzed and interpreted the data. Yu-
Tian Chong and Xiang-Yong Li contributed to funding
acquisition. Zhan-Yi Li, Yu Liu, Fang-Ji Yang, and Xiang-
Yong Li performed the investigation. Yu Liu, Zhan-Yi Li,
Yu-Tian Chong, and Xiang-Yong Li helped in the methodol-
ogy. All authors contributed to the writing and final approval
of the manuscript. All authors are also accountable for all
aspects of the work. Zhanyi Li and Yu Liu contributed equally
to this work.

Acknowledgments

This research was supported by grants from the Major Sci-
ence and Technology Projects in 13th Five-Year
(2018ZX10715004-001), the building of research team on
hepatology/infectious diseases (WW201902), the Natural
Science Foundation of Guangdong (2018A030310272), and
Guangdong Medical Science and Technology Research Fund
(A2018366).

References

[1] K. M. Boberg, R. W. Chapman, G. M. Hirschfield, A. W. Lohse,
M. P. Manns, and E. Schrumpf, “Overlap syndromes: the
International Autoimmune Hepatitis Group (IATHG) position
statement on a controversial issue,” Journal of Hepatology,
vol. 54, no. 2, pp. 374-385, 2011.

[2] C. Rust and U. Beuers, “Overlap syndromes among autoim-
mune liver diseases,” World Journal of Gastroenterology,
vol. 14, no. 21, pp. 3368-3373, 2008.

[3] A. Bonder, A. Retana, D. M. Winston, J. Leung, and M. M.
Kaplan, “Prevalence of primary biliary cirrhosis-autoimmune
hepatitis overlap syndrome,” Clinical Gastroenterology and
Hepatology, vol. 9, no. 7, pp. 609-612, 2011.

[4] O. Chazouilleres, D. Wendum, L. Serfaty, S. Montembault,
O. Rosmorduc, and R. Poupon, “Primary biliary cirrhosis-
autoimmune hepatitis overlap syndrome: clinical features
and response to therapy,” Hepatology, vol. 28, no. 2, pp. 296-
301, 1998.

[5] A.Heurgué, F. Vitry, M. D. Diebold et al., “Overlap syndrome
of primary biliary cirrhosis and autoimmune hepatitis: a retro-
spective study of 115 cases of autoimmune liver disease,” Gas-
troentérologie Clinique et Biologique, vol. 31, no. 1, pp. 17-25,
2007.

[6] F. Yang, Q. Wang, Z. Wang et al., “The natural history and
prognosis of primary biliary cirrhosis with clinical features of

(7]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

BioMed Research International

autoimmune hepatitis,” Clinical Reviews in Allergy and Immu-
nology, vol. 50, no. 1, pp. 114-123, 2016.

M. G. Silveira, J. A. Talwalkar, P. Angulo, and K. D. Lindor,
“Overlap of autoimmune hepatitis and primary biliary cirrho-
sis: long-term outcomes,” The American Journal of Gastroen-
terology, vol. 102, no. 6, pp. 1244-1250, 2007.

D. L. Schmucker, M. Ohta, S. Kanai, Y. Sato, and K. Kitani,
“Hepatic injury induced by bile salts: correlation between bio-
chemical and morphological events,” Hepatology, vol. 12,
no. 5, pp. 1216-1221, 1990.

M. ]. Perez and O. Briz, “Bile-acid-induced cell injury and pro-
tection,” World Journal of Gastroenterology, vol. 15, no. 14,
pp. 1677-1689, 2009.

C. M. Palmeira and A. P. Rolo, “Mitochondrially-mediated
toxicity of bile acids,” Toxicology, vol. 203, no. 1-3, pp. 1-15,
2004.

R. Reinehr, S. Becker, V. Keitel, A. Eberle, S. Grether-Beck, and
D. HaEussinger, “Bile salt-induced apoptosis involves
NADPH oxidase isoform activation,” Gastroenterology,
vol. 129, no. 6, pp. 2009-2031, 2005.

C. Rust, N. Wild, C. Bernt, T. Vennegeerts, R. Wimmer, and
U. Beuers, “Bile acid-induced apoptosis in hepatocytes is cas-
pase-6-dependent,” The Journal of Biological Chemistry,
vol. 284, no. 5, pp. 2908-2916, 2009.

E. Halilbasic, A. Baghdasaryan, and M. Trauner, “Nuclear
receptors as drug targets in cholestatic liver diseases,” Clinics
in Liver Disease, vol. 17, no. 2, pp. 161-189, 2013.

F. G. Schaap, N. A. van der Gaag, D. J. Gouma, and P. L. Jansen,
“High expression of the bile salt-homeostatic hormone fibro-
blast growth factor 19 in the liver of patients with extrahepatic
cholestasis,” Hepatology, vol. 49, no. 4, pp. 1228-1235, 2009.

E. Wunsch, M. Milkiewicz, U. Wasik et al., “Expression of
hepatic fibroblast growth factor 19 is enhanced in primary bil-
iary cirrhosis and correlates with severity of the disease,” Scien-
tific Reports, vol. 5, no. 1, article 13462, 2015.

K. Brandl, P. Hartmann, L. J. Jih et al., “Dysregulation of serum
bile acids and FGF19 in alcoholic hepatitis,” Journal of Hepa-
tology, vol. 69, no. 2, pp. 396-405, 2018.

Z. Li, B. Lin, G. Lin et al,, “Circulating FGF19 closely correlates
with bile acid synthesis and cholestasis in patients with primary
biliary cirrhosis,” PLoS One, vol. 12, no. 6, article e0178580, 2017.

G. M. Hirschfield, U. Beuers, C. Corpechot et al., “EASL clini-
cal practice guidelines: the diagnosis and management of
patients with primary biliary cholangitis,” Journal of Hepatol-
0g), vol. 67, no. 1, pp. 145-172, 2017.

M. P. Manns, A. J. Czaja, J. D. Gorham et al., “Diagnosis and
management of autoimmune hepatitis,” Hepatology, vol. 51,
no. 6, pp. 2193-2213, 2010.

C. Corpechot, L. Abenavoli, N. Rabahi et al, “Biochemical
response to ursodeoxycholic acid and long-term prognosis in pri-
mary biliary cirrhosis,” Hepatology, vol. 48, no. 3, pp. 871-877,
2008.

M. Camilleri, A. Nadeau, W. J. Tremaine et al., “Measurement
of serum 7a-hydroxy-4-cholesten-3-one (or 7aC4), a surro-
gate test for bile acid malabsorption in health, ileal disease
and irritable bowel syndrome using liquid chromatography-
tandem mass spectrometry,” Neurogastroenterology ¢ Motil-
ity, vol. 21, no. 7, article 734-e43, 2009.

P. S. Kamath, R. H. Wiesner, M. Malinchoc et al., “A model to
predict survival in patients with end-stage liver disease,” Hepa-
tology, vol. 33, no. 2, pp. 464-470, 2001.



BioMed Research International

(23]

(24]

(25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

E. R. Dickson, P. M. Grambsch, T. R. Fleming, L. D. Fisher,
and A. Langworthy, “Prognosis in primary biliary cirrhosis:
model for decision making,” Hepatology, vol. 10, no. 1,
pp. 1-7, 1989.

S. A. Jones, “Physiology of FGF15/19,” Advances in Experi-
mental Medicine and Biology, vol. 728, pp. 171-182, 2012.

G. Sauter, F. Berr, U. Beuers, S. Fischer, and G. Paumgartner,
“Serum concentrations of 7alpha-hydroxy-4-cholesten-3-one
reflect bile acid synthesis in humans,” Hepatology, vol. 24,
no. 1, pp. 123-126, 199.

C. GaElman, I. Arvidsson, B. Angelin, and M. Rudling, “Mon-
itoring hepatic cholesterol 7a-hydroxylase activity by assay of
the stable bile acid intermediate 7a-hydroxy-4-cholesten-3-
one in peripheral blood,” Journal of Lipid Research, vol. 44,
no. 4, pp. 859-866, 2003.

K. H. Song, T. Li, E. Owsley, S. Strom, and J. Y. Chiang, “Bile
acids activate fibroblast growth factor 19 signaling in human
hepatocytes to inhibit cholesterol 7a-hydroxylase gene expres-
sion,” Hepatology, vol. 49, no. 1, pp. 297-305, 2009.

G. M. Hirschfield, E. J. Heathcote, and M. E. Gershwin, “Path-
ogenesis of cholestatic liver disease and therapeutic
approaches,” Gastroenterology, vol. 139, no. 5, pp. 1481-
1496, 2010.

A.J. Czaja, “Frequency and nature of the variant syndromes of
autoimmune liver disease,” Hepatology, vol. 28, no. 2, pp. 360-
365, 1998.

E. Ozaslan, C. Efe, A. Heurgué-Berlot et al., “Factors associated
with response to therapy and outcome of patients with pri-
mary biliary cirrhosis with features of autoimmune hepatitis,”
Clinical Gastroenterology and Hepatology, vol. 12, no. 5,
Pp. 863-869, 2014.

O. Chazouilleres, D. Wendum, L. Serfaty, O. Rosmorduc, and
R. Poupon, “Long term outcome and response to therapy of
primary biliary cirrhosis-autoimmune hepatitis overlap syn-
drome,” Journal of Hepatology, vol. 44, no. 2, pp. 400-406,
2006.

S. Joshi, K. Cauch-Dudek, I. R. Wanless et al., “Primary biliary
cirrhosis with additional features of autoimmune hepatitis:
response to therapy with ursodeoxycholic acid,” Hepatology,
vol. 35, no. 2, pp. 409-413, 2002.

F. Gunsar, U. Akarca, G. Erséz, Z. Karasu, G. Yiice, and
Y. Batur, “Clinical and biochemical features and therapy
responses in primary biliary cirrhosis and primary biliary cir-
rhosis—autoimmune hepatitis overlap syndrome,” Hepato-
Gastroenterology, vol. 49, no. 47, pp. 1195-1200, 2002.

A.J. Czaja, “Treatment of autoimmune hepatitis,” Seminars in
Liver Disease, vol. 22, no. 4, pp. 365-378, 2002.

C. Levy and K. D. Lindor, “Management of osteoporosis, fat-
soluble vitamin deficiencies, and hyperlipidemia in primary
biliary cirrhosis,” Clinics in Liver Disease, vol. 7, no. 4,
pp. 901-910, 2003.

M. J. Mayo, A.J. Wigg, B. A. Leggett et al., “NGM282 for treat-
ment of patients with primary biliary cholangitis: a multicenter,
randomized, double-blind, placebo-controlled trial,” Hepatol-
ogy Communications, vol. 2, no. 9, pp. 1037-1050, 2018.

M. Mayo, A. Wigg, S. Roberts et al., “NGM282, a novel variant
of FGF-19, demonstrates biologic activity in primary biliary
cirrhosis patients with an incomplete response to ursodeoxy-
cholic acid: results of a phase 2 multicenter, randomized, dou-
ble blinded, placebo controlled trial,” Hepatology, vol. 62,
article 263A, Supplement 1, 2015.



	Dysregulation of Circulating FGF19 and Bile Acids in Primary Biliary Cholangitis-Autoimmune Hepatitis Overlap Syndrome
	1. Introduction
	2. Patients and Methods
	2.1. Patients
	2.2. Measurement of Serum FGF19 and C4
	2.3. Statistical Analysis

	3. Results
	3.1. Demographic and Clinical Characteristics of Patients with PBC-AIH OS and Healthy Control Individuals
	3.2. The Serum Levels of FGF19 and C4
	3.3. Clinical and Laboratory Parameters Related to FGF19
	3.4. Serum FGF19, Patient Prognosis, and Biochemical Responsiveness

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

