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Abnormal Expression of ER a In
Cholangiocytes of Patients With
Primary Biliary Cholangitis Mediated
Intrahepatic Bile Duct In ammation

Hui Cao, Bukun Zhu, Yao Qu and Wei Zhang *

Department of Liver Diseases, Longhua Hospital, Shanghairiversity of Traditional Chinese Medicine, Shanghai, Chan

ERa, one of the classical receptors of estrogen, has been founda be abnormally
up-regulated in patients with primary biliary cholangiti@BC), which is an important factor
leading to ductopenia. ERi-mediated signaling pathways are involved in proliferatioof
human intrahepatic biliary epithelial cells (HIBECs) anagal in ammation. Our previous
studies have shown that the expression levels of ERin the liver tissues of PBC patients
are positively correlated with the levels of serum pro-in ematory cytokines. The present
study was designed to assess the relationship between abnanal ERa expression in
small bile ducts and the progression of PBC. We examined theVels of multiple cytokines
and analyzed their relationship with clinical parameterd éivers functions in a cohort of 43
PBC patients and 45 healthy controls (HC). The levels of BRexpression and the relation
with the levels of cytokines were further assessed. The lodization of cytokines and
ERa-mediated signaling pathways in liver were examined usingnimunohistochemistry.
The possible underlying mechanisms of these alterations iRBC were exploredin vitro.
Our results demonstrated that the levels of IL-6, IL-8, and NIF-a were increased in PBC
patients, and positively correlated with the serum AKP leVvge and ERa expression levels.
Moreover, the expression of these cytokines were up-regutad in HIBECs that were
stimulated with 17b-estradiol and PPT (an ER agonist) and they also were positive in
intrahepatic bile duct of PBC patients. The ER-mediated expression of pro-in ammatory
cytokines was induced by JNK, P38, and STAT3 phosphorylatioin HIBECs. In addition,
the CD54 expression was increased in HIBECs after ERactivation, which induced
peripheral blood monouclear cells (PBMCs) recruitment. keonclusion, the present study
highlighted a key role of abnormal ER expression in inducing an in ammatory phenotype
of HIBECs, which was critical in the development of in ammabn and damage in small
bile duct.

Keywords: ER a, pro-in ammatory cytokines, MAPKSs, in ammatory cellular phen otype, PBC

INTRODUCTION

Primary biliary cholangitis (PBC) is an occult and chronimgressive autoimmune liver disease,
and, if untreated, will culminate into end-stage biliaryrbiosis, leading to liver failurelf. Women
are more susceptible to su ering this disease than men, afjhosome recent data suggest an
increasing male prevalencg)( According to epidemiologic studies, 1 in 1,000 women over t
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age of 40 live with PBC, and the estimated incidence is betd/ee up-regulated expression of BRinder certain conditions (partial
and 2 per 100,000 population per year in European populationsepatectomy and bile duct ligation). However, &Rediated
(3); commonly cited ranges for incidence and prevalence are 0.Zignaling pathway can play multiple roles in bile duct, which
5.8 and 1.9-40.2 per 100,000, respectivélyNevertheless, the stimulates HIBECs proliferatiori§, 16) and is involved in portal
female predominance of PBC continues to be unexplained. THa ammation that was induced by environmental xenoestronge
clinical features of PBC are persistent intrahepatic chatest (17). Recently, some researchers have found that the soil in
and serologic reactivity to anti-mitochondrial antibodie the high incidence area of PBC contains a large amount of
(AMA) or specic antinuclear antibody (ANA) reactivity, xenobiotic that can activate EBR18). However, this study does
with the pathological features being chronic non-suppurativenot fully elucidate the relationship between &Rctivation and
granulomatous, lymphocytic small bile duct cholangitis).( pathogenesis of PBC.
The onset of the cholangitis is related to the multiple immune In a preliminary study on the relationship of expression levels
cells inltration in the surrounding of the small bile duct. of ERa and serum cytokines of PBC patients, we found the
Previously, Tsuneyama et al. have reviewed the types of irmmuexpression levels of EERn liver of PBC patients were positively
cells which in ltrate into the peripheral of small bile ducta i correlated with the serum levels of pro-in ammatory cytok,
PBC patients; they have found that T cells comprise 55% of theuch as IL-6, IL-8, and TNE: In addition, it was further
cellular in Itrate, macrophages and B cells/plasma cell®act con rmed that ERa was mainly expressed in the intrahepatic
for 30 and 10% in early stage, respectively, showing chronlule duct of the PBC patients. Therefore, we hypothesized
non-suppurative destructive cholangitis (CNSDC), and thest¢hat HIBECs would transform into an “in ammatory cellular
activated immune cells play important roles in initiating the phenotype” (higher expression pro-in ammatory cytokines and
breakdown of tolerances). Therefore, some scholars believe thatadhesion molecule) following ER activation resulting in
the pathological starting point of PBC is autoimmune-mediate multiple immune cells being recruited, and immune homeoistas
injury of small bile duct, and the immunological interaatio of small bile duct being disturbed. The immunologic injury of
between human intrahepatic biliary epithelial cells (HiBECsHIBECs would evoke the onset of PBC. The present study was
and surrounding in ammatory cells is a pivotal mechanism todesigned to test the above hypothesisitro andin vivo.
trigger small bile duct lesions’). Interestingly, HIBECs, which
are the main damaged cells in the early stage of PBC, may not RATERIALS AND METHODS
simply considered as an “innocent victim” of immune attaék (
Cholangiocytes in small bile duct of PBC patients are exprgssi Patient Characteristics and Liver Tissue
various cytokines and chemokines in order to generate an$amp|es
sustain the speci ¢ surrounding in ammatory conditions, vdn  Blood samples were collected from 43 PBC patients, before any
willinduce HIBECs apoptosis and exacerbate bile duct injd}y ( ursodeoxycholic acid (UCDA), corticosteroids and sex horeon
Making the matters worse, the damaged HIBECs with aberranherapy at the Longhua hospital of Shanghai University of
expression of human leukocyte antigen (HLA) class Il and otheTraditional Chinese Medicine. Blood samples were also celfect
co-stimulatory molecules have an antigen-presenting t&bili from 45 volunteers as healthy controls, who had normal range
(9). Hence, immunogenicity of HIBECs will be amplied. In of routine physical examination (fasting blood glucose, rlive
addition, HIBECs in damaged biliary duct will have up-regatiat and kidney function tests, blood lipids, urine, and stoolspa
expression of phagocytosis related receptor phosphatidyseriivithout any acute or chronic liver diseases during routineck
receptor (PSR), which is involved in phagocytosis of adjacenip at the same hospital. The 10-mL peripheral blood sample
injured and apoptotic peers due to immunological interactionwas collected from all the members and the concentrations
(10. And, normal HIBECs will express pyruvate dehydrogenasgf cytokines were measured. The liver biopsies were obtained
complex E2 (PDC-E2) after phagocytosed the adjacent injureflom 8 post-menopausal women who needed to con rm this
and apoptotic peers1(). As a result, the immune tolerance diagnosis by liver pathology. The pathological results cored
of HIBECs will be impaired. Therefore, various types ofthe diagnoses of PBC in the 8 patients: 4 at stage II, 3 at stiage Il
migratory in ammatory cells become e ector cells that areand 1 at stage IV. As controls, 5 liver biopsies all showed nbrma
more aggressive to HIBECS]( 12). However, e ector cells also hijstology. All PBC patients were negative for hepatitis B and C
generate additional cytokines and chemokines to produce agharkers.
in ammatory status and progressive brosi&Z®). Unfortunately,
there is no clear mechanism to explain the causes of the onséell Culture and Stimulation
abnormal activation of HIBECs. HIBECs were purchased from tongpai biotechnology co.,
Based on the clinical features of PBC that is predominanttd, and the cell line was conrmed by the expression
among perimenopause women, a previous study has shown that the biliary-type cytokeratins CK19 (using immune
the abnormal expression of estrogen recet@ERa) in HIBECs  uorescence) (Supplementary Figure 1A) and CK7 (using
of PBC patients is an important reason leading ductopefi#.( immunoblotting)  (Supplementary Figure 1D) and the
ERa is one of the classical receptors of estrogen, and is oftenorphology of HIBECs was observed by optical microscope
expressed at high levels in uterus, ovary, pituitary glang, vgSupplementary Figures 1B,C) HIBECs were suspended in
deferens, and adipose tissués)( Apparently, liver is also the RPMI 1640 medium (Invitrogen, California, USA) with 10% fetal
target organ of estrogen, and the intrahepatic bile duct habovine serum supplemented with 10 ng/mL of epidermal growth
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factor (Sigma-Aldrich, Munich, Germany), 5 mg/mL insulin 1h at 37C, washed three times with sterile PBS, and re-
(Sigma-Aldrich, Munich, Germany), 100 units/ml penicillin, suspended in serum free RPMI 1640 medium. The HIBECs were
and 100 mg/ml streptomycin (Invitrogen, California, USA). incubated with reagents on a 24-well culture plate, and then c
When cells reached 60-70% of con uencey-Estradiol (Sigma- cultured with BCECF-AM-labeled PBMCs for 1 h at 8 Non-
Aldrich, Munich, Germany), ER agonist 4,4,4-(4-propyl-[1H] adhering PBMCs were removed by pipette, and the wells were
pyrazole-1,3,5-triyl)-tris-phenol (PPT) (Sigma-Alrich, Migh, washed with sterile PBS. The PBMCs binding to HIBECs were
Germany), ER agonist 2,3-bis (4-hydroxyphenyl)-propionitrile measured by uorescence microscope. The uorescence iitiens
(DPN) (Sigma-Aldrich, Munich, Germany) and BRantagonist was analyzed by ImageJ (National Institutes of Health, Bdthes
fulvestrant (IC1182, 780) (Sigma-Aldrich, Munich, Germamg  MD, USA).

various concentrations were added into the medium. Thescell

were cultured for 48 h and then harvested for further PCR and=low Cytometric Analysis

immunoblotting analyses. Flow cytometry was performed as described previougly). (
_ ) Brie y, HIBECs were incubated with reagents on a 6-wellunat
Real-Time PCR Analysis plate for 48 h, and then rapidly digested and centrifuged, wesh

Real-time PCR analysis was performed using the SYBR-Gresstsuspended and stained according to standard protocolgyusin
mix (Applied Biosystems, Foster City, CA, USA) in an ABIlthe following mAbs:CD54 (BD Biosciences, New Jersey, USA),
PRISM 7500HT sequence detector. Primers used for real-tinfeD106 (BD Biosciences, New Jersey, USA), and CD58 (BD
RTPCR are shown iBupplementary Table 2Brie y, total RNA  Biosciences, New Jersey, USA). These markers were used to
was isolated and 1 mg of RNA was reverse transcribed using RN#bserve the changes of adhesion molecules in HIBECs after
reverse transcription Kit (Takara, Kusatsu, Japan). Theltasu incubated with reagents. Data acquisition was performedgisin
cDNA was appropriately diluted and ampli ed in the SYBR-a BD Biosciences LSR Fortessa cytometer (BD Biosciencss, Ne
Green mix 10-ml system. The mRNA expression levels of IL-6lersey, USA), and results were analyzed using FlowJo analysis
IL-8, TNF-a, and other cytokines were normalized to the level ofsoftware (BD Biosciences, New Jersey, USA).
b-actin mRNA.

Immuno uorescence Analysis
Immunoblotting Analysis The protocol was performed as our laboratory standard.
HIBECs were rst lysed in RIPA buer for 30min. The Briey, formalin-xed paran-embedded tissue sections
samples were separated by 12% SDS polyacrylamide w@edre depara nized and rehydrated. Blocking of endogenous
electrophoresis (SDS-PAGE) at 80V for 0.5h and 100V foavidin/biotin, and antigen retrieval was performed by buodi
1h before transfer onto polyvinylidene di uoride membranesthe sections in 0.01 M sodium citrate for 24 min. The sections
(PVDF). After blocking, the blots were incubated overnightwere then incubated in 0.1% triton for 10 min and blocked
with 4 C with hybridized with primary Abs. E® (1:200) with 5% BSA for 60min, and then incubated with primary
(Novus Biologicals, Colorado, USA), ERL:500) (R&D Systems, antibodies: rabbit anti-human CD54 antibody (CST, Boston,
Minnesota, USA), P-JNK (1:250) (CST, Boston, USA), P3BSA), and mouse anti-human ERantibody (Novus Biologicals,
(1:500) (CST, Boston, USA), P-STAT3 (1:200) (CST, Bostofolorado, USA), at 4 overnight. Following washing, the
USA), and GAPDH (1:1000) (CST, Boston, USA). The blotsissues sections were incubated with alexa uor 594-a nipur
were then washed with PBST and then incubated for 1 h witldonkey anti-mouse IgG (Yeasen, Shanghai, China) and
secondary antibodies conjugated to horseradish peroxidasdexa uor 488-anipure goat anti- rabbit 1gG (Yeasen,
(1:5000) (CST, Boston, USA). The membranes were scann&tianghai, China) for 60 min at 3€. Finally, the cell nuclei
with a LAS-4000 Iluminescent image analyzer (Bio-Radyere stained by DAPI. The results were examined under a
California, USA). Digital images of resultant chemilumioest  uorescence microscope.
signals were analyzed using Image Lab software (Bio-Rad,

California, USA). Immunohistochemistry
_ ) Immunohistochemistry analysis was completed as previously
PBMC Preparation and Adhesion Assay reported @1). Briey, formalin- xed para n-embedded tissue

Freshly isolated peripheral blood mononuclear cells (PBMCsections were deparanized and rehydrated. Blocking of
were extracted from 20 mL of fresh heparinized blood samplesndogenous avidin/biotin, and antigen retrieval was perfed

of PBC patients and healthy controls, using human lymphocytéy boiling in 0.01 M sodium citrate for 24 min. The sections
separation solution (Sigma-Aldrich, Munich, Germany). Thewere then blocked with 5% BSA for 30min, and then
PBMCs were cultured in RPMI 1640 medium supplementedncubated with primary antibodies: rabbit anti-human P-
with 10% fetal bovine serum, 100 mg/mL of penicillin, andJNK antibody (CST, Boston, USA), rabbit anti-human P-
100 mg/mL of streptomycin. To obtain mitogen- activatedSTAT3 antibody (CST, Boston, USA), mouse anti-humaraER
lymphocytes, the PBMCs were stimulated with 10 mg/mL ofntibody (Novus Biologicals, Colorado, USA), mouse anti-
phytohemag glutinin (Sigma-Aldrich, Munich, Germany) for human ER antibody (R&D Systems, Minnesota, USA), rabbit
72h at 37C. The cell adhesion assay was modi ed as describeghti-human IL-6 antibody (CST, Boston, USA), mouse anti-
previously (9. Briey, the PBMCs were labeled with BCECF-human IL-8 antibody (Santa Cruz Biotechnology, Dallas,
AM (5 mg/mL) (Beyotime Biotechnology, Shanghai, China) forUSA), rabbit anti-human TNFa antibody (CST, Boston,
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USA), rabbit and anti-human CK-19 antibody (HUA BIO, and liver function. Independent samples were analyzed using
Hangzhou, China) at 4 overnight. Following washing, tissues Student'st-test or one-way analysis of variance unless indicated
sections were incubated with horseradish peroxidase catgag in the gure legends. Statistical analyses were performed on
anti-mouse or rabbit anti-bodies (CST, Boston, USA) forraw data using Graph Pad software and SPSS 21. All oPthe
30min at 37C. Specic staining was detected by 3, 3-values were shown as two-sided; @& 0.05 was considered
diaminobenzidine and examined by light microscopy. Tissuestatistically signi cant.

sections were evaluated using Image pro plus (Media cybesnetic

Maryland, USA). RESULTS

Statistical Analysis The Serum_ Levels of I.L-6, IL-8, and TN_F- a

The statistical signi cance of the di erences in the levels 0N PBC Patients Are Higher Than That in

cytokines between PBC patients and healthy controls wereontrol Subjects

analyzed using Non-parametric test. Linear relation wer&Ve recruited 43 PBC patients and 45 healthy controls (HC)
performed using Spearman's rank correlation to assess the the present study. The mean ages of PBC patients and HC
relationship between ER expression levels, cytokine levelswere almost the same, and the characteristics of PBC patients
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FIGURE 1 | Serum levels of cytokines and correlation with AKP and-GT. (A—C) Serum levels of IL-6(A), IL-8 (B), and TNF-a (C) in PBC patients o D 43) and HC @
D 45), **P < 0.001, compared with HC by a Mann—Whitney test. Data are regsented as median with interquartile range(D—F) Serum IL-6 (D), IL-8 (E), and TNFa
(F) concentration with the levels of AKP in PBC patientsn(D 43).r D 0.430, p D 0.004 (IL-6);r D 0.389, p D 0.010 (IL-8) andr D 0.496, p D 0.001 (TNF-a),
respectively.(G-I) Serum IL-6 (G), IL-8 (H), and TNF-a (I) concentration with the levels ofg-GT in PBC patients i D 43).r D 0.478, p D 0.001 (IL-6);r D 0.130, p D
0.407 (IL-8) andr D 0.198, p D 0.204 (TNF-a), respectively. Thep-values were determined by Spearman's rank correlation? < 0.05 was considered signi cant.
PBC, primary biliary cholangitis; HC: healthy control; IL;8nterleukin-6; IL-8, interleukin-8; TNFa; tumor necrosis factor-alpha; AKP, Alkaline phosphataseg-GT,

1.0 1.5
TNF-a(pg/mL)

Frontiers in Immunology | www.frontiersin.org

December 2019 | Volume 10 | Article 2815


https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

Cao et al. ERa-Pathway Mediated HIBECs In ammation

and healthy controls are shown iSupplementary Table)  17b-Estradiol Induces the Expressions of
The median values of AKR-GT and TBiL in PBC patients |-, [L-8, and TNF- a in HIBECs

were 195.29 U/L, 131.00 U/L and 13.@fnol/L, respectively. As shown inFigure 2, the expression levels of BRvere involved
We next tested the serum multiple cytokines levels of PBG pro-in ammatory cytokines expression in PBC patients.
patients and HC $upplementary Figure 2 We found that Hence, we wanted to con rm iin vitro. 17-estradiol was a
the levels of IL-6, IL-8, and TNE-in the patients were higher ¢|assic steroid hormone was selected and its concentsatisad
than that in HC (Mann-Whitney tesZ D 6.997,P < 0.001; i vitro were roughly equivalent to those in postmenopausal
ZD 7.180,P< 0.001;ZD 6.599,P < 0.001, respectively) female (0.1nM), normal premenopausal female (10nM), and
(Figures 1A-Q. Moreover, as Li et al2¢) proposed, the serum pregnant female (100nM)2(), respectively. Under normal
abnormal cytokines levels may have a linear relationshi wi conditions, HIBECs did not or slightly expressed &Rrotein.

the parameters for liver functions (AK&GT, and TBIL) in PBC | the present study, we observed thesEad cytokines (IL-6,
patients. As expected, the results from the present study show@ .g and TNFa) expressions in HIBECs that were stimulated
that there were a positive correlations between the leved&f by three concentrations of bestradiol at four time-points
and IL-6 ¢ D 0.430p D 0.004), IL-8(D 0.389pD 0.010)and (0, 12, 24, and 48h). The RT-PCR results showed that the
TNF-a (r D 0.496,p D 0.001) Figures 1D-F. However, the expression levels of IL-6, IL-8, and TNFMRNAs were not
levels ofg-GT were not positive correlated with IL-8 D 0.130,  changed in HIBECs that were stimulated with bi&stradiol
pD 0.407), and TNFa (r D 0.198p D 0.204), exceptfor IL-6/( for 12 and 24h Figures 3A-Q. However, the expression
D 0.478p D 0.001) Figures 1G-). In addition, we did not nd |evels of IL-6, IL-8, and TN mRNA in HIBECs that was
the levels of TBIL has linear relationships with the serunelev treated with 10 nM 1B-estradiol for 48h were higher than
of IL-6, IL-8, and TNFa Supplementary Figures 2M-Q  that in the controls Figures 3D-B. It is worth noting that
And there ~were no correlations  with  other pigher doses of I¥estradiol might have a negative impact

cytokines Bupplementary Figures 2A-5 on cytokines expression [the immunosuppressive action of
high concentration of estrogenl®)]. Subsequently, the levels
The ERa Expression Levels in Small Bile of cytokines (IL-6, IL-8, and TNRE) protein in the cell

. . culture supernatant were analyzed by Elisa kit. The results
Ducts Are Positively Correlated With the were consistent with RT-PCR, and 10 nMhbt&stradiol might

Serum Cytokines Levels in PBC Patients be an ideal reagent to induce expression of IL-6, IL-8, and

In our previous study, we found that the BRexpression levels TNF-a in HIBECs Eigures 3G-). Finally, we detected the
in the liver were pOSitiVely correlated with the concentoat of expression of two kinds of estrogen receptors &Eand
various pro-in ammatory cytokines in PBC patients. However,gry). HiBECs were stimulated with b7estradiol (10 nM)
the location of ER expression was not detected precisely. Hencegr four time periods (0, 12, 24, and 48h), and &Rnd
we selected some liver biopsies from 8 PBC patients, thedwocati Ry proteins were analyzed by immunoblotting. We found
and levels of ER expression in the small bile ducts werethe |evels of ER expression were gradually increased along
tested by immunohistochemistry analysis. Then, we assésse ith the increase in exposure time, but did not nd the
linear relationship between EBRexpression levels and serum statistic di erence among control groups and késtradiol
cytokines levels. In addition, to nd out the small bile dsct groups at 0, 12, and 24 tFigures 3J,. However, the levels
in portal area, we selected biliary-type cytokeratin CK19 as g ERa expression in HiBECs at 48h were signicantly
biomarker and determined the EERexpression level in the CK19- higher than that in control groups Rigures 3J,. And, it
positive areas. The results ofimmunohistochemistry shatvatl  \yas not observed any signi cant di erence in BRxpression
positive expression of ER(both cytoplasm and nucleus) was petween control groups and b-stradiol groupsRigures 3J,).
mainly located in intrahepatic bile ducts, which was comsist Taken together, these data provided an evidence thdt 17

with CK19-positive area (lower right panelFigures 2E,ff.  estradiol could induce cytokines expression in HIiBECs via
Similar to previous research, normal small bile ducts in HCyctivated ER.

did not express ER (upper right paneFigures 2B,G. Further
analysis indicated that ERexpression levels in small bile .
duct of PBC patients were signicantly higher than thatFuweStrant_ EﬁeCtl\,/ely BlOCkS,
in HC (Figure 2G). 17b-Estradiol-Mediated Cytokines

Next, the linear relationship between ERxpression levels Expression in HIBECs
and serum levels of IL-6, IL-8 and TN&-was analyzed In order to further verify that the 1B-estradiol-mediated pro-
using spearman's rank correlation. Indeed, there were & ammatory cytokines expression in HIBECs was dependent
positive correlations between ERand the cytokines r( of ERa activation. we used the ERagonist 4,4,4-(4-propyl-
D 0.786,p D 0.021;r D 0.723,p D 0.043 andr D [1H]pyrazole-1,3,5-triyl)-tris-phenol (PPT) and the BRgonist
0.758,p D 0.029 for IL-6, IL-8, and TNFR, respectively) 2,3-bis (4-hy droxyphenyl)-propionitrile (DPN) that were aeldi
(Figures 2H-J. Although ER expression in small bile ducts to HIBECs parallel with 1-estradiol (10nM) or vehicle in
of PBC patients was detected by immunohistochemistry, théhe present experiments. And the fulvestrant (1CI182, 780,
ERb expression levels were not related with cytokines levelERa antagonist) was added to HIBECs 2 h before stimulation
(Supplementary Figure 3. with 17b-estradiol.
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FIGURE 2 | ERa expression in liver biopsies of PBC patients, HC and correfimn with cytokines. (A-J) A signi cant immunohistochemical ERx positive expression in
cholangiocytes of PBC patients(F) (n D 8, both cytoplasm and nucleus) (lower right panel), but negavely in HC D 5) (upper right panel) (original magni cation,

400). (G) ERa expression was higher in patients with PBC, ¥ < 0.01, compared with HC by a Mann—-Whitney test. Data are repsented as median with
interquartile range.(H-J) Serum IL-6 (H), IL-8 (I), and TNF-a (J) level with the intensity of ER in PBC patients. Thep-values were determined by Spearman's rank
correlation, P < 0.05 was considered signi cant. PBC, primary biliary cholagitis; HC: healthy control; IL-6, interleukin-6; IL-8, intéeukin-8; TNFa; tumor necrosis
factor-alpha; ERa, estrogen receptor alpha.

The results showed that PPT (100nM) could up-regulatdulvestrant showed an inhibitory e ect on ERexpression
the IL-6, IL-8, and TNFa mRNA expression in HIiBECs (Figures4G,H. However, ER expression was not changed in
(Figures 4A-Q, and it was similar to 1F-estradiol (10nM). all groups, except for the DPN group&i¢ures 4G,). Taken
However, we did not observed that the expression of ILtogether, these data provided additional evidences for that
6, IL-8, and TNFamRNA in HIiBECs were up-regulated by ERa activation was accounting for pro-in ammatory cytokines
stimulation of DPN Figures 4A—-Q. As expected, the IL-6, IL- expression in HIBECs.

8, and TNFa mRNA expressions in HIBECs were signi cantly

down-regulated by pretreatment with fulvestrant (8r@¥) for  The ERa-Mediated IL-6, IL-8, and TNF- a

2h (Figures 4A—Q. Then, the cytokines proteins in the cell Expressions in HIBECs Are via Activated
culture supernatant of all groups were analyzed by Elisa'Kits.

results were consistent with RT-PCR, and the protein levels MAPKs Pathway
IL-6, IL-8, and TNFa in HIBECs that were treated with by AS previously reported, estrogen induces cholestasis and
estradiol (10nM) and PPT (100 nM) were higher than that incholangiocyte proliferation via activating the MAPK pathways
controls Figures 4D—A. Indeed, fulvestrant (8.24M) blocked ~ (ERK1/2, INK, and P38P§ 24). In addition, P38-MAPK is
17b-estradiol-mediated these cytokines expression in HiBECSften over activated within in amed tissues and accountsthe
(Figures 4D-B. progression of biliary cirrhosi2€). Hence, we wanted to nd out
Finally, the ER expression levels in HIBECs that werewhether ER-induced pro-in ammatory cytokines expression in
stimulated with PPT, DPN, I¥estradiol, and fulvestrant were HIBECs via activated MAPKSs signaling pathways. Firstly, JNK
tested by immunoblotting analyses. The results showed thand P38 phosphorylation were tested afteraBRas activated.
the ERa expression levels were up-regulated in HIBECs thatiBECs were treated with bfestradiol (10nM), and those
were treated with 1-estradiol and PPTRigures 4G,H, and  proteins phosphorylation were detected by immunoblotting
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FIGURE 3 | In vitro 17b-estradiol induces cytokines secretion in HIBECs. HIBECs &re stimulated with 3 different concentrations of 1B-estradiol (0.1, 10, and
100 nM) for four time-points (0, 12, 24, and 48 h). Total RNA waisolated and analyzed by real-time PCR for IL-6 mRNA, IL-8mRNand TNFa mRNA expression.
(A—C) The resulted shown that the levels of IL-6mRNAA), IL-BmRNA (B), and TNF-a mRNA (C) were not changed, when compared with controls at 0, 12, and 2.
(D-F) The expression of IL-6mRNA(D), IL-8mRNA (E), and TNF-a mRNA (F) were up-regulated at 48 h. And, 10 nM 1b-estradiol can up-regulate expression of
IL-6mRNA, IL-8 mRNA, and TNFa mRNA. *p < 0.05, **p < 0.01, compared with controls by Studentt-test. (G—I) Elisa analysis of IL-6, IL-8 and TNF& protein in
cellular supernatants from 1Bb-estradiol-induced HIBECs at 48 h. *p < 0.01, ***p < 0.001, compared with controls by Studentt-test. (J) Immunoblotting analysis of
ERa and ERb expression in HIBECs that were stimulated with 1G-estradiol (10 nM) at four time points (0, 12, 24, and 48 hYK) 17b-estradiol (10 nM) had no effect on
ERa expression at 0, 12, and 24 h, but up-regulated ER expression at 48 h, *p < 0.01 compared with controls by Studentt-test. (L) 17b-estradiol (10 nM) had no
effect on ERb expression at four time points. All data are representativef three independent experiments.

analysis. The results indicated that the levels of P-JNK anidence, we considered JNK and P38/STAT3 accounted for 17
P-P38 were up-regulated in HIBEC&igures 5A,Q. At the  mediated cytokines expression in HIBECs.

same time, we detected whether the expression of tyrosine- Subsequently, we wanted to con rm that the phosphorylation
phosphorylated STAT3 (P-STAT3) that is a key protein involvedf JNK, P38, and STAT3 were associated witta ERtivation.

in cytokines expression was also up-regulated in HIBECs. Pdence, as mentioned above, i&stradiol (10nM), and PPT
STAT3 can be translocated to the nucleus where they regula(@00 nM) were added to HiBECs parallel with vehicle. And
transcription by binding to specic DNA sequence&€]. In  fulvestrant was added to HIBECs 2h before stimulation with
addition, it is reported that P38/STAT3 pathway is involved in17b-estradiol. Our results showed that PPT could induce JNK,
in ammatory disorders £7). As expected, our results showedP38, and STAT3 phosphorylatiofrigures 5B,D—F as well as
that the levels of P-STAT3 was up-regulatdegires 5A,Q.  17b-estradiol Figures 5C-F. Furthermore, fulvestrant showed
It was worth noting that the STAT3 activation was blockedan inhibitory e ect on the phosphorylation of JNK, P38
by SB203580 (a P38 activation inhibitor), but not a ected byand STAT3, which should be up-regulated bybistradiol
SP600125 (INK activation inhibitorp(pplementary Figure 4. (Figures 5B,D-F.
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FIGURE 4 | In vitro fulvestrant inhibits ER expression and cytokines secretion(A—-C) PPT (100 nM), DPN (10 nM) were added to HiBECs parallel with l#stradiol
(10 nM) or vehicle. And, fulvestrant (8.24iM) was added to HIBEC 2 h before stimulation with 1B-estradiol (10 nM). Total RNA was isolated and analyzed by aétime
PCR for IL-6mRNA, IL-8mRNA, and TNFa mRNA expression. The resulted showed that PPT treatment sig cantly induced IL-6 mRNA (A), IL-8mRNA (B), and
TNF-a mRNA (C) expression as well as 1b-estradiol. In contrast, DPN had no obvious effects on them. liaddition, pretreatment with fulvestrant (8.24nM) inhibited
IL-6mRNA, IL-8mRNA, and TNFa mRNA expression. p < 0.05, **p < 0.01, ***p < 0.001, compared with controls or 17b-estradiol group by one-way analysis of
variance.(D—F) ELISA analysis of IL-&D), IL-8 (E), and TNF-a (F) protein in cell culture supernatants. The results were coristent with RT-RCR p < 0.05, **p < 0.01,
** < 0.001, compared with controls or 17b-estradiol groups by one-way analysis of variance(G—H) Immunoblotting analysis of ER and ERb expression levels in
HIBECs that were stimulated with PPT, DPN, fulvestrant, andi7b-estradiol. (H) The expression of ER in HIBECs was up-regulated by 1b-estradiol and PPT, and
fulvestrant effectively blocked ER expression 4 D 3, mean SEM). p < 0.05, determined by ANOVA with a Tukey test(l) ERb expression was not changed in all
groups, except for the DPN groups. p < 0.05, compared with controls. All data are representative bthree independent experiments.

Finally, we wanted to determine the IL-6, IL-8, andAlthough the levels of IL-8 were not a ected by pretreatment
TNF-a expression in HIBECs after JNK and P38 pathwaysvith SP600125, it was reduced by pretreatment with a
were blocked by SP600125 and SB203580.2SP600125, combination of both Figures 5G,H. However, at same
2mM SB203580 and a combination of both were added taime, we did not nd signi cant statistical di erence in IL-6
HIBECs 2h before stimulation with bfestradiol and PPT. expression in HIBECs that were pretreated with SP600125
And, 17-estradiol, PPT were added to HIBECs parallelor SB203580, when compared with bi&stradiol and
with vehicle. The cell culture supernatants of all groupsPPT (Figures5G,H. However, it was down-regulated by
were collected and analyzed by Elisa kits. We found thagtretreatment with SP600125 and SB20358@ures 5G,H.
the levels of TNFa were down-regulated in pretreatment Taken together, our results showed that &Rediated pro-
of SP600125, SB203580 and a combination of both, whenammatory cytokines expression was via activated JNK and
compared with 1B-estradiol and PPT HKigures5G,H. P38/STAT3 pathway.
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FIGURE 5 | ERa-mediated JNK, P38 and STAT3 activation(A) Immunoblotting analysis of JNK, P38, and STAT3 activation iHIBECs which were stimulated
with 17b-estradiol (10 nM)(B) Immuno blotting analysis of INK, p38, and STAT3 activation iIHIBECs which were stimulated with PPT (100 nM), fulvestra(®.24mM), and
(Continued)
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FIGURE 5 | 17b-estradiol (10 nM).(C) Signi cant increase of JNK, P38, and STAT3 phosphorylationdilowing 17b-estradiol treatment 6 D 3, mean SEM). p <
0.05, **p < 0.001, compared with controls by a Studentt-test. (D—F) The phosphorylation of INK(D), P38 (E), and STAT3(F) were up-regulated in HIBECs which
were stimulated with PPT and 1b-estradiol, but, it was reduced by fulvestrantif D 3, mean SEM). p < 0.05, **p < 0.01, ***p < 0.001, determined by ANOVA with
a Tukey test.(G,H) SP600125 (2mM), SB203580 (2mM) and a combination of both were added to HIBECs 2 h before stiulation with 17b-estradiol (10nM) and PPT
(100 nM). At same time, 1'b-estradiol and PPT were added to HIBECs parallel with vehiel (G) Cell culture supernatants of all groups (1G-estradiol (10 nM),
SP600125 (2mM), SB203580 (2mM) and a combination of both) were collected and analyzed bylBa for IL-6, IL-8, and TNFa protein expression in HIBECs. py <
0.05, **p < 0.01, ***p < 0.001, determined by ANOVA with a Tukey test(H) Cell culture supernatants of all groups (PPT (100 nM), SP6@@5 (2mM), SB203580
(2mM) and a combination of both) were analyzed by Elisa for IL-6,48, and TNF-a protein expression in HIBECsr{D 3, mean SEM). p < 0.05, **p < 0.01, **p <
0.001, determined by ANOVA with a Tukey test. All data are repsentative of three independent experiments.

FIGURE 6 | PBMCs activation in PBC patients and prone to binding to HiBEs after ERb expression was up-regulated.(A—C) PBMCs were extracted from 10 mL
peripheral blood of PBC patientsi§ D 5), PSC patients (i D 3) and HC @ D 3).They were stimulated with 10 mg/mL phytohemagglutinin fo72 h. Then, BCECF-AM
was added to PBMCs for 1 h and co-cultured with HIBECs. The adksion rates of PBMCs were re ected by uorescence intensity)driginal magni cation, 200). (1)
The adhesion rates of PBMCs were higher in PBC patients, conmgred to PSC and HC, p < 0.05, **p < 0.01. The p-value was determined by Studentt-test. (D—H)
PBMCs were extracted from 10 mL peripheral blood of HC( D 3), and they were stimulated with 10 mg/mL phytohemagglutimi for 72 h. Then, BCECF-AM was
added to PBMCs for 1 h and co-cultured with HIBECs that were teated by 17b-estradiol (10 nM)(E), PPT (100 nM)(F) and fulvestrant (8.24mM) (G,H) (original
magni cation, 100). (J) The adhesion rates of PBMCs were higher in groups that wereégated with 17b-estradiol and PPT, and it was blocked by fulvestrant
(8.24mM). *p < 0.05, **p < 0.01, determined by ANOVA with a Tukey test. All data are repsentative of three independent experiments.

ERa Activation in HIBECs Facilitates (IL-6, IL-8, IL-2, IFN-g, IL-23, and IL-Db) in PBC patients were
PBMCs Recruitment higher than thatin PSC and HC, which may be related to immune
In our previous assay of immunoblotting, we found the cells activation. However, as mentioned above, the serugide
expression of PDC-E2 was up-regulated in HIBECs that wer@f pro-in ammatory cytokines were positively correlated with
treated with 1B-estradiol (Supplementary Figure 5) PDC- ERa expression levels in small bile ducts of PBC patients. Hence,
E2 is the immunodominant autoantigen of PBC, and itWe wanted to observe the immunogenicity of HIBECs after
is involved in breakdown of immunologic tolerance in a ERaactivation.

genetically susceptible individual€gj. Abnormal expression ~ PBMCs were isolated from 10 mL of blood samples of 4 HC.
of PDC-E2 in normal HiIBECs may activate immune systemI0 obtain mitogen-activated immune cells, the PBMCs were
Indeed, in this assay, we found that there were lots oftimulated with 10 mg/mL of phytohemagglutinin for 72 h. Then,
activated immune cells in peripheral blood (PB) of PBCBCECF-AM was added to PBMCs for 1h. Meanwhilep-17
patients, and more prone to bind to HIBECs when comparedestradiol (10nM) and PPT (100nM) were added to HIBECs
with HC and patients with primary sclerosing cholangitis parallel with vehicle and the fulvestrant was added to HIBECs
(PSC) Figures 6A-C,). Landi et al. 29 have proposed 2h before stimulation with 1Festradiol. The PBMCs were
that the serum levels of multiple pro-in ammatory cytokines added to HiBECs, which had been cultured for 48h. The
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results showed that the uorescence intensity ob&étradiol to conrm those resultsin vivo. The liver biopsies were
(10nM) and PPT (100nM) groups were signi cantly higher obtained from 8 PBC patients, and those proteins were detected
than that of the controls (0.1513 0.005, 0.1628 0.017 using immunohistochemistry. We found positive staining of P-
and 0.1196 0.016, respectively)F{gures 6D-F). Indeed, JNK and P-STAT3 in interlobular bile ducts of PBC patients
we found that the ability of PBMCs binding to HIBECs was(Figure 8A), but they were rarely expressed in HEidure 8A).
reduced by fulvestrant (8.2dM), when compared with 1% At same time, we also found positive expression of IL-6, IL-
estradiol (10 nM) groups (Fluorescence intensity: 0.1518005 8 and TNFa in small bile ducts of PBC patient&igure 8D).

vs. 0.0698 0.018) Figures 6G,H,). In addition, we repeated Immunohistochemical analysis showed that those proteins
this assay using primary HIBECs and PBMCs that from samexpression levels in small bile ducts of PBC patients wereehigh
PBC patient and patients with Chronic Hepatitis B (CHB). than that in HC Figures 8B,C,E-G

The results showed that PBMCs were prone to adhere to

HIiBECs that were isolated in PBC patient than in CHB patientD|SCUSSION

(Supplementary Figure 6) Taken together, ER activation in

HIiBECs would attract more PBMCs recruitment, which may bentrahepatic bile duct system is one of the target tissues of

associated with pro- in ammatory cytokines. estrogen. Estrogen plays a vital role in tissue repairingr afte
liver injury, regeneration after liver partial resectiomproving

Up-Regulated Expression of CD54 in insulin resistance and preventing liver fat depositioB0)(

HIBECs After ER a Activation However, female may develop liver diseases (hepatomegaly,

Previous studies indicate that the expression of CD54 (ICAMmiNtrahepatic cholestasis and even liver failure), who aceiréng

1), CD58 (LFA-3), and CD106 (VCAM-1) on HiBECs is alteredlong'term estrogen to establish an arti cial menstrual ey¢ll),

by exposure of proin ammatory cytokines (IFiy-and TNF- pregnant.GZ), or suer from CHB, 39. Thg reasons were
a), and they are functional and necessary for the activity of€!ated with the estrogen levels rise dramaticalif)( Hence,
cytotoxic e ector lymphocytesl(d). As described above, the pro- SI09en may play a dual role in the physiology and pathology
in ammatory cytokines might account for PBMCs recruitment Of lIVer- For a long time, estrogen is using to induce intraftepa
Hence, we determined whether PBMCs were more prone t8holesta3|s Qf rodent84). So, estrogen administration is avoided
bind to HIBECs was associated with up-regulated expression §t PBC patients. However, Olsson et al. have proposed that
adhesion molecules caused bysERediated pro-in ammatory estrogen replacgment therapy (as antl-osteopoross_ drugs)_ is
cytokines. In the present study, ow cytometry was used tosafe in PBQ patle_n'Fs; they h_ave found that PBC patients with
determine the expression levels of adhesion molecules (CDBQIStGOporOS'S receiving long-time estrogen rep!acementamer.
CD58, and CD106). Our results showed that HIBECs ha&how noee(?t on d|§ease development..Even high cor}centr'atlon
highly expressed levels of CD54 (99.6% 0.21, 99.4% of estrogen is considered as a protective factor againsts#isea
0.38 and 99.5% 0.26 for controls, 1Festradiol and PPT, progression in PBC3Y). Indeed, some clinical observations of

respectively) Rigures 7A,B and CD58 (99.0% 0.55, 99.2% small sample of patients have found that serum enzymes of
0.81 and 99.5% 0.32 for controls. 15-estradiol and PPT. untreated PBC patients receiving estrogen administration a

respectivelyfigures 7A,Q, while they rarely expressed CD106d0Wn-regulated $5-37). Hence, those clinical studies seem to
(11.43% 0.24,8.93% 0.10 and 8.76% 0.12 for controls, 15- red}scover the concept. that estrogen adml_nlstrat|on in PBC
estradiol and PPT, respectiveljigures 7A,0). However, 18- patients exerts deleterlous_ e ects on the liver. Nevertheless
estradiol and PPT can promoted CD54 expression, which we& Invernizzi reported previously, the levels of AKP argd
re ected in uorescence intensityHigure 7B. In addition, there GT_ were are decrease_d more th_an 60% of baseline n PBC
were no any signi cant changes in CD58 and CD106 expressioﬂat'ems’ who have rgcelved tamoxifen (gstroggn antagobist
in HIBECs treated with 15-estradiol and PPTRigures 7F,g. & complete reversal in case after tamoxifen withdrawg). (As
As expected, fulvestrant had a negative role in regulating£p Mentioned above, estrogens exert physiology function matialy
expressionKigure 7B. ER receptors. Hgnce, it is very interesting to clarify the fioms

To further con rm the results fromin vitro assays, we selected of ER receptors in PBC.

some biopsies from 3 PBC patients, and tested whether CcDs4 EF_‘hl’ a Cl?is'cal, estro?en receptor, |sh|nvolved|.]|cn m,l(’flt'ple
expression can be detected in &Positive bile ducts using Physiological functions of estrogen, such as proliferatidn o

immuno uorescence. Overall, this results were consisteith ~ ormone-associated cancer cells an?l: biliary fp'the"?' celfls
ow cytometry, and the location of CD54 was concentrated on(BECs) 89), and tissue regeneration after partial resection o

ERa-positive bile ductsRigure 7H). Hence, our results showed V&r (15 10). Additionally, it is also shown that estrogen

that immunogenicity of HIBECs was ampli ed by BRnediated promotes immune cells to product type | IFN via activated
ERa (40 and triggers pro-in ammatory cytokines expression

CD54 expression. . .
in BECs (L9). Previously, Alvaro et al.1@) have proposed the
A . ERa expression levels in small bile ducts of PBC patients are
JINK, ST_AT3 Activation .and Cyt_OKmes correlated with the progression of disease; they consider that
Expresspns Ar_e Associated With the abnormal expression of BRn ducts is a reason that this
ERa-Positive Bile Ducts disease progresses to ductopenia, although they have notrexpla

As indicated above, JNK and P38/STAT3 pathway were involveatie underling mechanism. Recently, Meyer et af) have found
in ERa- mediated cytokines expression. Hence, we wantethat the environment around land Il sites contain highewkds of
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FIGURE 7 | CD54 expression in HIBECs was up-regulated by 1B-estradiol and PPT.(A) Gating strategy used after imnmunostaining to determine HiBCs. (B-D)
HIBECs are highly expressed CD54B) and CD58 (C), while there are rarely expressed CD10€D). (E-G) The uorescence intensity of CD54 was signi cantly
increased in HIBECs that were stimulated with 1-estradiol (10 nM) and PPT (100 nM{E), and it was not observed any signi cant change in CD58 and CD16
expression(G). (H) Location of CD54 was concentrated on ERw-positive bile ducts in PBC patients, but not in HC. p< 0.05, determined by ANOVA with a tukey test.
All data are representative of three independent experimés

xenobiotic which activated the human Bfh a dose-dependent pro-in ammatory cytokines and adhesion molecules) afteraER
manner may trigger PBC. And, this is supported by a follow-uppathway activation. The second is that estrogens stimul&i€ B
study showing that the soil in the high incidence area of PBQytokine production is related to ERexpression, which is
contains a large amount of xenobiotic that can activata ER).  higher in female than male BEC&1). The other is that low
Coincidentally, we were considering the reason of the on$et estrogen levels of post-menopausal women have lost the dbility
PBC might be associated with the living environment, whichsuppress the immune system, becausa ERRNAs or proteins
stemmed from a survey that screening of anti- mitochondrialare expressed in mature immune cells (B cells, €D4ells,
antibody subtype M2 (AMA-M2) in 19012 residents of shanghaiCD8® T cells, Monocytes, and DCs), and higher doses of ectopic
pollution and household smoking and living near the land Il estrogens typically suppress immune cell activatis). (
sites are considered the risk factors by our analy$ig. (In In the present study, we proposed that the expression
addition, sunset yellow and tartrazine, as Axon A et al. fun of pro-in ammatory cytokines will be increased in HiBECs
(42), may induce the onset of PBC. They are very commorafter ER:-mediated pathway activation. Multiple studies have
chemicals in our living environment (coal-derived food andcon rmed that pro-in ammatory cytokines play an important
cosmetic colorings) and regarded as novel humaa E®ivators, immune mediating role in the pathogenesis of PBC. IL-6 is a
which can provoke ER activation in very small amounts. multifunctional cytokine, which is best known for its role i
Hence, the above studies indicate thataEg&ttivation induced the liver acute phase response. IL-6 can promote hepatocellular
by xenoestrogen and estrogen-like compounds of environmergarcinoma (HCC) growth and metastasis via antagonism of TNF
plays a pivotal role in the onset of PBC. a and IL-1b immune response4{, 45). It contributes to the
However, why post-menopausal women are susceptible tevelopment of autoimmunity disease via activating Th17 cells
PBC, who have low endogenous estradiol levels is not cleand inhibiting the Treg cells function. Kumiko et ak1) have
There are some possible explanations. The rst is that theonsidered that BECs have dierent IL-6 production, which
chronic exposure to xenoestrogens or estrogen-like compounds the reason that females are more susceptible than males to
may activate ER in cholangiocytes, and cholangiocytes willseveral biliary tract diseases (PBC, autoimmune hepatitis a
transform into “immunogenicity of individual” (expression polycystic livers). In the course of PBC disease, IL-6 estadia
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FIGURE 8 | JNK, STAT3 activation and cytokines expression in liver bisies of PBC patients.(A) A signi cant immunohistochemical JNK and STAT3 positive
expression in interlobular bile duct of PBC patientsy(D 8) (middle panel), but negatively in HG/(D 5) (upper right panel) (original magni cation, 400). (B,C) JNK,
STAT3 activation was higher in PBC patients,pf< 0.05, **p < 0.01 compared with HC by a Mann—-Whitney test. Data are repramnted as median with interquartile
range (D) The expression of IL-6, IL-8, and TNFa had tested positive in interlobular bile duct of PBC patiest(n D 8) (middle panel), but negatively in HG (D 5)
(upper panel) (original magni cation, 400). (E-G) The expression of IL-6(E), IL-8 (F), and TNF-a (G) were up-regulated in PBC patients, p < 0.05, **p < 0.01,
compared to HC. The p-value was determined by a Mann-Whitney test, data are repeented as median with interquartile rangeP < 0.05 was considered signi cant.
PBC, primary biliary cholangitis; HC: healthy control; IL;@nterleukin-6; IL-8, interleukin-8; TNFa; tumor necrosis factor-alpha; ER, estrogen receptor alpha.

vicious circle of HIBECs damage. HIBECs will express CD44 afthave noted that baseline serum levels of pro-in ammatory
AMA binds to them, and it will induce monocytes recruitment cytokine (TNFa) were signi cantly higher in PBC patients with
and release IL-6. As a feedback loop, the level of AMA is upadvanced disease (stage IlI/IV) than in PBC patients witlyear
regulated by B cells in the presence of IL46)( Similar to IL-6, diseaseX1).

serum high levels of IL-8 also contributes to PBC development However, we found the expression of target antigen (PDC-E2)
(47). During the course of chronic liver diseases (CLD), IL-8was also up-regulated in HIBECs, as well as pro-in ammatory
mainly activates leukocytes, T lymphocytes and macrophagesjtokines, when ER was activated by estrogen or PPT.
and recruits them to the acute in ammatory sité& 49. The Therefore, we considered that the HIBECs would transform
pathogenesis of IL-8 in PBC is related to neutrophil in Itrati, into an “in ammatory cellular phenotype” after ER was
and the neutrophilic in ammation in interlobular bile duct it abnormal activated. Hence, there would be a strong attractio
induce a large number of other in ammatory cells migration, forimmune cells. As expected, subsequent adhesion expetismen
and provoke the damage and apoptosis of HIBEES.(The found that PBMCs are prone to bind to HIBECs, which were
immune cascade in small bile ducts will be aggravated byeat with 1d-estradiol and PPT, and it also was proved
lots of immune cells recruitment. Therefore, some researsh by primary HIBECs and PBMCs from same PBC patient.

Frontiers in Immunology | www.frontiersin.org 13 December 2019 | Volume 10 | Article 2815



Cao et al. ERa-Pathway Mediated HIBECs In ammation

In addition, the up-regulated expression of CD54 was to bdDATA AVAILABILITY STATEMENT
found in ERa -positive bile ducts and HIiBECs that high
expression of ER CD54 is a ||gand for |ymph0cyte function- The raw data Supporting the conclusions of this article will be
associated antigen-1, also known as intracellular adhesighade available by the authors, without undue reservatioaty
molecule-1 (ICAM-1), is involved in T cell-induced autoimme  quali ed researcher.
diseaseq?).

Of note, there were some limitations in the present studyETHICS STATEMENT
First, the patient sample was limited in sample size. It
was extremely lack for PBC patients, especially those whithe study was approved by the Institutional Review Board of
needed liver pathology to conrm this disease. ThereforeLonghua Hospital (No. 2014LCSY09). All subjects gave wiritte
the positive correlation between BRexpression levels and informed consentin accordance with the Declaration of Helsi
the levels of cytokines need to be further conrmed by a
large sample size. Second, although it was observed trat E
was expressed in the bile duct system, further studies neé UTHOR CONTRIBUTIONS

to detect the ER expression levels and cytokines at the\y7 gesigned and supervised the project and obtained funding.
dierent PBC stages, providing a more detailed complemeniy yq~and Bz performed clinical diagnosis and treatment,

on the pathogenicity of ER in PBC development. Finally, collected samples, and contributed to data collection. HC

although the number of patients with AMA seemed Veryhoformed bioinformatics and statistical analysis and daft
large, few people would develop recognizable PB8, (and o manuscript.

it needed to be investigated whether &Rvas expressed in
small bile ducts of AMA positive patients would be more
susceptible to progress to recognizable PBC. In addition; no-UNDING

response PBC patients who received long-term UDCA therap¥hiS studv was funded by the National Natural Science
would allow us to evaluate the e ect of BRantagonism, Yy y

which had been exerted a rational therapeutic strategy in Se)l(:oundation of China (Grant no. 81673926).

based mortality gap in cystic brosis and other in ammatory

lung ilinesses 94). Nevertheless, our results suggested aSUPPLEMENTARY MATERIAL

important role of abnormal ER expression in cholangiocytes

in inducing intrahepatic bile duct inammation of PBC, The Supplementary Material for this article can be found

providing a therapeutic strategy or a preventive approaci@nline at: https://www.frontiersin.org/articles/10.388nmu.

for PBC. 2019.02815/full#supplementary-material
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