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Table I Characteristics of HBV carriers according to hepatologist consultation (n= 126)

with consultation

without consultation

n=26 =100 P-value
Age (years) 50 (19-78) 64 (16-91) 0.003
Males/females 13/13 43/57 0.658
Department: Internal Medicine/others 17/9 34/66 0.006
Platelet (x104/uL) 20.2 (3.2-36.4) 20.1 (2.9-66.5) 0.545
AST (IU/L) 25 (12-450) 24 (9-558) 0.598
ALT qU/L) 22 (9-93) 19 (5-189) 0.657
AST/ALT ratio 1.26 {0.57-4.84) 1.23 (0.40-5.58) 0.638
¥GTP (IU/L} 17 (7999 22 (8-1,590* 0.737
HBsAg (IU/mL) 1698 (0.07-21,792) 188 (0.07-106,400) 0.190
HBeAg positive/negative 2/17 7/61 1.000
with/without hepatitis 13/13 53/47 0.328

Values are median (range) or number of patients. Tn=25, ¥n=85,

Table 2 Univariate and multivariate analysis of factors associated with hepatologist consultation for

HBV carriers (n=126)

Univariate analysis

Multivariate analysis

Factors
OR (95% CI) P-value OR (95% CI) P-value

Age 0.963 (0.937-0.989) 0.006 0.965 (0.938-0.592) 0.012
Sex: male 1.326 (0.558-3.148) 0523

Department: except Internal Medicine 0.273 (0.110-0.676) 0.005 0.294 {0.115-0.748) 0.010
Platelet (x10%/uL) 1.007 (0.958-1.058) 0.784

AST ((U/L) 1.003 (0.997-1.008) 0.370

ALT (U/L) 1.003 (0.983-1.019) 0688

vGTP (IU/L)T 1.000 (0.998-1.002) 0.306

HBsAg (f{U/mlL) 1.000 (1.000-1.000) 0.525

HBeAg?¥: positive 1.025 (0.195-5.397) 0977

Tn=110, ¥n =87

HBV &+ 7 126 BID 9 b4 AFEid 26 7 (21%),
FEAAEELL 10081 (79%) THo7: (Fig. la). 28HHE
DIE T, FEMABIERICERTHY, FERER
BRI BILS o/ (Tablel). /2, 23Nk
KHEESTLEFOLSERBITD, Fin (odds ratio
[OR] : 0965, 95% confidence interval [CI] : 0.938~
0.992, p=0.012) & Z#F GEARIRZHER, OR : 0294,
95%CI : 0.115-0.748, p=0010) 2S5 LT/ (Te-
ble2). #ExE B RWEMIFL B HADOS LI VFIVFIEF
555 BAFORERMBITCIE, 28 CGERRRDE
#, OR:0269, 95%CI: 0.073-0991, p=0.048) A<Mt
~BE5LTEY, SEERITTIIZERS CGEARRE
#R, OR : 0270, 95%CI  0.072-1.017, p=0053) T

1 % F 72 (Table 3). JFRD %W HBV &4 7 60
BN B2 v MeFEST 5 RTOEERFT T,
4 (OR : 0958, 95%CI : 0.923-0993, p=0.02) ¥ &
R (FERL R EERE OR : 0.265, 95%CI : 0.074~0.954,
p=0042) W5 L TR Y, SERMITTIEERHOR:
961, 95%CI : 09260998, p=0039) 2ME—E5 LT
2V Al

N ABFEOBHENAHRAETIE, 50l HRV I2owT
S REENIE L, O PEBARICERES 204 T
FTUVAYAMCREBETONTEST, 08z 7u 7L
AU A PIZETONTWADOOBEFHNEREN
Twidro?z (Tabled).
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Table 3 Univariate and multivariate analysis of factors associated with hepatologist consultation for
probable chronic hepatitis B individuals (n = 66}

B t" Univariate analysis Multivariate analysis
actors -

OR (95% CI) P-value OR (95% CI) P-value
Age 0.969 (0.930-1.009) 0.125 0.969 {0.929-1.010) 0.140
Sex: male 1.227 (0.354-4.250) 0.747
Department; except Internal Medicine 0.269 (0.073-0.991) 0.048 0.270 (0.072-1.017) 0.053
Platelet (X 10%/uL) 0.988 (0.927-1.054) 0.724
AST @U/L) 1.003 (0.997-1.009) 0.292
ALT @U/L) 1.006 (0.989-1.024) 0482
y-GTP qU/L)t 1.000 (0.998-1.002) 0.785
HBsAg (IU/mL) 1.000 (1.000-1.000) 0491
HBeAg#: positive 1.667 (0.151-18.455) 0677
tn=60, ¥fn=46.

Table 4 Situation of medical practice for HBV carriers without hepatologist consulta-

tion {(n=100)

Descriptions regarding HBV on electronic medical record n (%)
nothing 50 (50)
written in the past history, but not listed on the problem lists 9(9)
listed on the problem lists, but not mentioned in the plan for medical practice 30 (30)
listed on the problem lists and mentioned in the plan for medical practice 11411)

b) AntiHCV %&E

Anti-HCV I % 66128 5 b, Bk i3 487 Bl
(74%), =D HEMG 118 B, Ol 114 #1, BA
i 255 B TH Y, HEHCY F %) 7 i 369 B (56%)
T oz Z0) bLI/MRE<15x10%/ul, AST<ALT,
ALT>31TU/L %77 d 02 h2h 151 61, 97
B, 13981 TH Y, e CRIBHITRIE 244 51(37%)
T o7 (Fig. 1b). 27 ZHFH D ) bMEK DS » B
10 Bz, AR 875 41, WR%L 728 i, ERARL 531
Bl, —i% - WILREMIEL 510 B, TBTREFRL 402 F1, ¥
#5334 Y, TILERARL 286 B, RABDIER 277 B,
WIREREL 268 B, WERFCIRESVEL 263 B TdH o 7= (Fig.
3a). #E HCV F v U 78, 2R 5261, —% -
HA2HEE 50 B, RRAL 47 B, THALERPIRL 25 40, TEER
SRPURF 25 40, $EBE22 B, REDHER 1541, BN
F13 40, A 12 41, R OEAR 12 FIOIETE <,
s BAL 108D 5 BIFEARI~O 3 9L P il
1LERR, RABER, —8 - HAESRAE, BEFHT
HBRBWEHRENA SRS 00 3EFHICE T o T

W7z (Fig. 3b). B¢, BHEAE 107%, —#& -
THIL2SARE 0.6%, THILEFPIRL 8.7 %, LNEIENEF 7.2%,
BER 66%, IRBL65%, MR 6.3%, HMEREN
B 6.2%, BHEEANARL6.0%, EHIE 59% DIRTHRE
THo.

HEEHCV v U 7 369 B0 ) A ABEIZ 6751 (18%),
FEA ABEIE 302 41 (82%) TdH -7z (Fig. 1b). TEER
DI, FENABETIZMMEEPE RIS {, AST
fli, ALTf, v-GTP{H, Anti-HCV HikflirsF EICE
ETHo7=(Table5). T/, I VYNV MIHFESTEHHA
FOLERMTTIX, ALTfE (OR: 1014, 95%CI:
1.004-1.024, p=0007) & Anti-HCV(OR : 1196, 95%
CI : 1.073-1.334, p=0001)#*H5 L Tv>7=(Table 6).
i CRBMIE 246109 ba b bFESTS
RFDLERIITCIX, M/RE (OR : 0.897,95%CL :
0.831-0.968, p=0.005), ALT 4&(OR : 1.020, 95%CI :
1.008-1.033, p=0.001), AntiHCV (OR : 1283, 95%
CI: 1.085-1518, p=0.004)%$H5 L T\>7=(Table 7).
FEDRWHEE HCV £¥ ) 7 125803 b a 9 b
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Fig. 3 a) The number of subjects who underwent anti-HCV screening test in the top 10
non-hepatology departments. b} The number of probable HCV carriers in the top 10 non-
hepatology departments, and the rate of hepatologist consultation.

Table 5 Characteristics of probable HCV carriers according to hepatologist consultation (n= 369

with consultation without consultation

n=67 n=302 P-value
Age (vears) 69 (33-85) 71 (0-83) 0113
Males/females 38/29 156/146 0.500
Department: Internal Medicine/others 25/84 42/218 0.139
Platelet (X 104/ul) 13.9 (5.5-33.8) 16.7 (2.7-62.6) 0.014
AST (IU/L) 38 (13-116) 29 (10-822) 0.017
ALT ([U/L) 31 (5-162) 24 (4-230) 0.024
AST/ALT ratio 1.21 {0.41-3.00) 1.31 {0.34-7.76) 0.266
vGTP (IU/L) 30 (9-190)7 23 (7-564)% 0.042
Anti-HCV (5/CO) 14.2 (56-18.3) 134 (4.0-18.5) <0001
with/without hepatitis 46/21 198/104 0671

Values are median {range) or number of patients. Tn=59, ¥n=257.

E5T 2 ETOLERMBITTI, AntiHCV (OR: KonTeL B8P 2L, 6341 21%) IXBAEICE

1.200, 95%CT : 1.019-1413, p=0029)2HE—B5 LT BADHEOARTTIT VLY X MIEBETFLATSED

Wiz, F, 7961 (26%) X7 T VLAY R MIBTLATY
N AEDOSREABFAETIE, 150 #1(50%) ik HCV % b OOBEHEDEBRE TR P72 (Table 8).
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Table 6 Univariate and multivariate analysis of factors associated with hepatologist consultation for
probable HCV carriers (n = 369)

. @ Univariate analysis Multivariate analysis
actors OR ©95% CI) P-value OR (95% CI) P-value
Age 0.989 (0.969-1.009) 0.265
Sex: male 1.226 (0.719-2.091) 0.453
Department: except internal medicine 0.647 (0.371-1.128) 0125 0576 (0.320-1.034) 0.065
Platelet (X 10¢/pL) 0.966 {0.927-1.006) 0.094 0.986 (0.948-1.026) 0.487
AST (IU/1) 1.002 (0.997-1.007) 0.382
ALT (U/L) 1.017 (1.007-1.027) <0.001 1.014 {1.004-1.024) 0.007
¥GTP (U/L)t 1.001 {0.997-1.005) 0.744
Anti-HCVY (8/C0O) 1.219 (1.096-1.355) <0.001 1.196 {(1.073-1.334) 0.001

Tn=316.

Table 7 Univariate and multivariate analysis of factors associated with hepatologist consultation for
probable chronic hepatitis C individuals (n = 244)

Pact Univariate analysis Multivariate analysis
actors OR (5% CD  Pvalie  OR(5%C)  Povalue
Age 0.990 {0.965-1.015) 0.432
Sex: male 1.206 {0.622-2.338) 0.580
Department: except Internal Medicine 0.724 (0.370-1.418) 0.346
Platelet (X 104/pL) 0.902 (0.339-0.969) 0005 0.897 (0.831-0.968) 0.005
AST (U/L) 1.002 (0.997-1.007) 0.357
ALT qU/L) 1.022 (1.010-1.034) <0.001 1.020 (1.008-1.033) 0.001
vGTP (U/L)7 1.000 {0.996-1.005) 0.877
Anti-HCV (8/CO) 1.290 (1.108-1.503) 0.001 1.283 (1.085-1.518) 0.004

Tn=211

Table 8 Situation of medical practice for probable HCV carriers without hepatologist
consultation (n=302)

Descriptions regarding HCV on electronic medical record n (%)
nothing 150 (50)
written in the past history, but not listed on the problem lists 63 (21)
listed on the problem lists, but not mentioned in the plan for medical practice 79 (26)
listed on the problem lists and mentioned in the plan for medical practice 10 (3)
£ =B HAFRREZZELBHENL VI EKERLTYS

SEFR 4 25T o 12 BRNFRE T, HBsAg SR 1.9%, EHEME NG, EBE, H#E HCV ¥ v ) 7 OEHPRE
HEHCV F % V) 7EH56% TH Y, TR ISEEDLERE B0 TH A, SEOFRZEEEORE 10 £/
BT ARF(HBsAg S : 2E 1.0%, 18R 18% (2001~2010 4£) @ 70 BAUTBF 3 HCV F vV 7
HEEHCV F v 1) 7% 2FE 08%, FEE 27%)91kk (62%) £ 1ZIF—BT 5 CREET—5). TOLIH,
LT, BEThHor Bl CEFLANBREN oh BHTE L DFLEY I VAT Y ) THRHBLTWAIC
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b5, HBV F% U 7D 79% B X U¥EE HCV
F ) 7D 82% THIBRAR & DBHEN L, 205D,
BED 8% BLUBED IT% BV TIFRIZHET %
DEFHIEREN TR VR TH 4. HL, &
WFIERORWESIIB TS, BENERHEIX
ZENTWABEFNFEET S LEHSh, SEOBS
MEFETEIHEORREIRHTHE. 4K A
) == CHE LB SEY 2 ERE RO
WTBEPDBHRAENSLELEZONS.

PRIOWER TIE, WREE DEENR, B, =
WARL, —f% - WLERSE, BEREBANOIETS L,
INHIRIFEEALIPMRIR S )~ FiREF LR S
5. HBV ¥ ¢ 1) 7 OFBAR~O 2 ) Micls
THEFEL LT, €L EARRTRIIEORTFL
LTHl S, #EE B RRERAA T, FENRRZ
FERDAPROEMEFEDZ.HBV F ¥ Y 7040 10
TR EATH, FRBRBEF I V90 PESE
{, FIEEARCRECERTHY, Tho0BHk
BNOBEPIPEELEL b5 BRFRIIEM:
WREEZRT /-9, HBsAgBtE HBV £x ) 7) TH
NEFEERE~O I Y FHRETHS. T,
BRI RIIRENEELS <P, EHIL4 D HBV
Fr ) 7OMIBRLICERLZEIEELRETHS.
HEHCV F 4 Y 7E&ETEIT VIV MCESST A EF
&ELTALT fE& HCV FifMEAMIL L2-EFTH D,
ERRRZHER DR OEmME RO . i C BIBHT
KBICHE, BFEOEBIEPIEHE B E L ER Tk
YH N FBE NS WVIRIESH S L o 72 CRIFFR
i, BE AL OEMTHRLICEEILOEREZRL, #
NIHEWFFRERP LR L Tw {7209, 48 C B8k
P4 & e 8 NIERTIE, FFRBBEFE O AZALE
THhb. Tz, ALTHREEFHICBVWTHLRBTRESD
B BIEEHEAL I IT T 5 7209, BT RO TR AR
Wek R EINZHCY F 4 ) TEFAORIZS, iy 4 v
RERE BT HENFEET AW RIERT5ICH Y,
SRR ZIFEAR~D I YL P EEELTW
{TLHBEETHA.

Anti-HCV BERIZTEAR TRITVA, Jhidd
MBEOEHNREAERRL HCV DIRE L LTOBER
PEBRLTWALOLIERISNE. BREZIIBNT
b HCV B FHREBILS T Z EALNICE
nTBY, LU/ NVAEERZT) LRIty
BW i BABRETIRINE P9 VAT I F—EED
BKETH 5720 WREITINSEAFREL ENT
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WARTEESDH D, FREFMEOHNEILETSH .
—f% « BN RCid HBsAg, AntiHCV & 3 1B
EHBEWY, FBRICHT2FEMMThRATWEEEL
200, IROSOBERFRBEMOL» ) OIFE
% ZF LTV BWRENEY. —FT, anti-HCV Bk
ZBOSZVIRHNREENBCRFRERE L TEERBE
2ZZLTOARTREMENZ EABEENSE. BR
KB AREERAZ ) -y JORERER IS
A5, HBsAg BE= 05~14%, Anti-HCV BisE 43~
58% &, F4 OREREFRIZHCV IZBWTEETH
298 Usl, WThoHRE D EREAORETH
MEICHREARONTEY, BFEDA VAT T7D
FRZBIIOVTOERRBETH o 2. HITEH
B CERMRZEN TRAROERCH b DL
Wah, WEIANVIARERZTTI L OZVBRRHC
HLT, REGEROMOEZHEICRLTHE L I LI
BECTHLEEILNS.

INET, FESGEOMERELLT, BBIIBIT2
PRy A W ABRESRESCERTEOERBEZDR
DIRE, &SI —RERBEE COFRBBHRORME
HEFEBBENTELY, LIAH KEREOL S %
BRERBBIZBNTD, Z{OFEII M AF YY)
THAFREBDRICE DV TRV E W) BE), &
FEHR O, ERol. I THRETIHEFEAEICEY
THEPNRERRLECHBEDOBRAEZRLFEY AV
ABHEBEITOVWTE, HBEZERORRDT, ik
BRERVBEMERAEL 7+ 0—T v TE2TIRL, FTE
.20 SEELIEDOBREDET 2 VT 2 b OMMIEEICE
FLTWS., o6, BEEFHEPTE 23 EEOME
LT, HFREREEOREEMDLOIC THIBFE
B -7 1 A5 —BEEE] 2HY, KERICE
WT3h, 135807 —F4 2 —F—%2ERL, BETH
FELTWwWSLIATHY, BEDBRT — ¥ TORE
AT R R AEPI o B & kR L T 2 EMIZD W,
W REZ R b ERER L EREOMHOT, B —F 1
A—F L BREOTEOREDL LUBREM 2
THAZEZEFBELTWAS. L L, KEREOSED
LEHEELZERND DY, TOBEE, THERY,
BATOERBE~OERRELITINETHLH L
225, Flezho0EFORTE, HERL T
FEBOERERLTUBEMS S LIS TIIEET
B ENBEIN, FTREDEANIB4ICREDT
TO—F EREFRLETNDE. TUARY T4 T
e LTid, BE ARPERESPOERORF
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Current management practices for HBs antigen or anti-HCV antibody
positive individuals in non-hepatology departments
at a university hospital

Naoko Eguchi Furukawa, Yasunori Kawaguchi®*, Satoshi Oeda”, Natsumi Izumi®, Hitoshi Eguchi?,
Toshihiko Mizuta”, Susumu Fujii’, Mitsuhiro Takasaki®, Iwata Ozaki®, Takashi Sugioka®,
Keizo Anzai®, Shuichi Yamashita®, Yuichiro Eguchi®

Little is known about the current medical management practices relating to hepatitis virus carriers in non-
hepatology departments. The aim of this study was to clarify the existing management of viral hepatitis in non-
hepatology departments at a university hospital. Subjects who underwent screening tests for HBsAg (n=6,648)
and anti-HCV (n=6,612) at 27 non-hepatology departments between January 2010 and December 2010 were
analyzed. The number of HBsA g-positive (HBV carrier}, probable chronic hepatitis B, anti-HCV-positive, prob-
able HCV carrier, and probable chronic hepatitis C were 126 (1.9%), 66 (1.0%), 487 (7.4%), 369 (5.6%), and 244
(3.7%), respectively. In spite of high infection rates, 79% of HBV carriers and 82% of probable HCV carriers
were not referred to a hepatologist. In 89% of the former and 97% of the latter, a medical plan for viral hepatitis
was not described in the electronic medical record. A system to manage hepatitis virus carriers should be estab-
lished immediately in medical institutions that have hepatologists.

Key words: hepatitis virus HBs antigen anti-HCV antibody screening

management of hepatitis virus carriers
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AUTOIMMUNE, CHOLESTATIC, AND BILIARY DISEASE

Anticholestatic Effects of Bezafibrate in
Patients with Primary Biliary Cirrhosis
Treated with Ursodeoxycholic Acid

Akira Honda,"* Tadashi Tkegami,' Makoto Nakamuta, Teruo Miyazaki, Junichi Iwamoto,’
Takeshi Hiraymna,1 Yoshifumi Saito,’ Hajime Takikawa,® Michio Imawari,” and Yasushi Matsuzaki"

Bezafibrate is a widely used hypolipidemic agent and is known as a ligand of the
peroxisome proliferator-activated receptors (PPARs). Recently this agent has come to be
recognized as a potential anticholestatic medicine for the treatment of primary biliary
cirrhosis (PBC) that does not respond sufficiently to ursodeoxycholic acid (UDCA) mono-
therapy. The aim of this study was to explore the anticholestatic mechanisms of bezafibrate
by analyzing serum lipid biomarkers in PBC patients and by cell-based enzymatic and
gene expression assays. Nineteen patients with early-stage PBC and an incomplete
biochemical response to UDCA (600 mg/day) monotherapy were treated with the same
dose of UDCA plus bezafibrate (400 mg/day) for 3 months. In addition to the significant
improvement of sernm biliary enzymes, immunoglobulin M (IgM), cholesterol, and
triglyceride concentrations in patients treated with bezafibrate, reduction of 7a-hydroxy-4-
cholesten-3-one (C4), a marker of bile acid synthesis, and increase of 4f-hydroxycholes-
terol, a marker of CYP3A4/5 activity, were observed. In vitro experiments using human
hepatoma cell lines demonstrated that bezafibrate controlled the target genes of PPAR, as
well as those of the pregnane X receptor (PXR); down-regulating CYP7A1, CYP27Al, and
sinusoidal Na*/taurocholate cotransporting polypeptide (NTCP), and up-regulating
CYP3A4, canalicular multidrug resistance protein 3 (MDR3), MDR1, and multidrug
resistance-associated protein 2 (MRP2). Conclusion: Bezafibrate is a dual PPARs/PXR
agonist with potent anticholestatic efficacy in early-stage PBC patients with an incomplete
biochemical response to UDCA monotherapy. (Herarorocy 2013;57:1931-1941)

the portal interlobular bile ducts due to chronic non-
suppurative cholangitis. The loss of bile ducts leads to
cholestasis, which leads o further hepatic damage, fi-

rimary biliary cirthosis (PBC) is a chronic liver brosis, cirrhosis, z?nd t}ltimatel)r, lixfcr failure."
disease that is presumably caused by autoim- Ursodeoxycholic acid (UDCA) is the only Food and

ity, The detection of serum antimitochondrial Drug Administration (FDA)-approved drug and the
antibodies (AMA) and increased levels of immuno- first-line medicine for the treatment of PBC.> UDCA
globulin M (IgM) are biochemical features of chis dis- hes been shown to improve serum levels of biliary
ease. Histopathologically, it is characterized by portal —€nzymes and IgM, and may slow the histologic progres-
inflammation and the slow progressive destruction of sion to liver cirrhosis.”® The mechanisms of the

See Edicorial on Page 1691
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anticholestatic and antiinflammatory effects of UDCA
have been reported to be due to the activation of the
canalicular bile salt exporc pump (BSEP), canalicular
multidrug resistance protein 3 (MDR3; ATP-binding
cassette transporter B4 [ABCB4]) and basolateral
multidrug  resistance-associated  prowein 4 (MRP4
[ABCC4)).” Tn addition, the replacement of hydropho-
bic bile acids with hydrophilic UDCA appears to
attenuate the damage to hepatocytes and biliary cells.
It has been reported that about two-thirds of paticats
treated with UDCA in the carly stage of the discase
could have a normal life expectancy withour additional
therapics.® However, the remaining paticnrs are not suf-
ficiently controlled with UDCA monotherapy and addi-
tional therapeutic approaches have been necessary.

Immunosuppressive medication is not recommended
as the first-line, alternative drug for PBC, but budeso-
nide, a nonhalogenated glucocerticoid with a high first-
pass metabolism, and/or mycophenolate mofedl, an
inhibitor of the purinc biosynthetic pathway which is
critical to lymphocytic proliferation and activation, are
sometimes used in patients who fail to respond to
UDCA.>'® However, the cffects of these immunosup-
pressive agents remain controversial.'"'? The farnesoid
X receptor (FXR; NR1H4) agonist, 6-cthyl-chenodeox-
ycholic acid, has been administered to PBC patients that
exhibit incomplete responses to UDCA in a phase 1I
clinical trial. This trial exhibited anticholestatic effects
and scrum alkaline phosphatase (ALP) levels were
reduced, but pruritus occurs at the higher doses. '

In 1999, Iwasaki et al." introduced the effectiveness
of a hypolipidemic agent, bezafibrate, on the reduction
of secrum ALP and IgM levels in precirrhosis PBC
patients, and recently, combination thesapy with
UDCA and bezafibrate is being recognized as a benefi-
cial treatment for PBC that is refractory to UDCA
monotherapy.'>'¢ Although the mechanisms of anti-
cholestatic action by bezafibrate have not been cluci-
dated completely, it is believed that the induction of
MDR3 through activation of the peroxisome prolifera-
tor-activated receptor o (PPARo; N R1C1)'7 is the main
mechanism, because fibrate class agents are ligands of
the PPARs.'® However, because MDR3 is activated by
both the addition of bezafibrate as well as by UDCA
monotherapy,” the roles of bezafibrate in the combina-
tion therapy remain unknown,
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The current study was undertaken to explore the
mechanisms of the remission of cholestasis by bezafi-
brate in PBC patients who failed to respond to
UDCA monotherapy. Our #n vive and in vitre studies
demonstrated that bezafibrate was a dual PPARs/preg-
nane X receptor (PXR; NR1I2) agonist with potent
anticholestatic efficacy.

Patients and Methods

Patients. Thirty-onc Japanese patients with asymp-
tomatic and untrcated PBC (4 males and 27 females;
ages 37-81 years) were enrolled in the study. The diagno-
sis of PBC was established by laboratory and histological
findings, and all patients were classified as early-stage
PBC (Scheuer’s classification I or II). Informed consent
was obtained from all subjects and the study protocol
was approved by the Ethics Committee of Tokyo
Medical University Ibaraki Medical Center.

Study Design, All patients (n = 31) were treated
with UDCA (600 mg/day; 10-13 mg/kg/day) alone for
at least 3 months {(maximum 6 months) undl serum
ALP and gamma glutamyl transpeptidase (GGT)
became stable (Supporting Figure). Then bezafibrate
(400 mg/day) was administered with UDCA (600 mg/
day) to patients (n = 19; 1 male and 18 females) who
exhibited an incomplete biochemical response o
UDCA monotherapy (defined as ALP or GGT level of
above the upper limit of normal) and treated for 3
months. Before and after UDCA monotherapy and af-
ter the addition of bezafibrate, blood samples were col-
lected in the morning before breakfast after an over-
night fasting, and serum was stored at —20°C unuil
analyzed. Control sera from 49 healthy Japanese volun-
teers (11 males and 38 females; ages 22-79 years) were
obtained from another study group (courtesy of Prof.
T. Teramoto, Teikyo University Schoo! of Medicine,
Tokyo, Japan) and were stored as mentioned above.

Determination of Serum Markers for Cholesterol
and Bile Acid Metabolism. Serum stcrol concentra-
tions were determined by liquid chromatography, tan-
dem mass spectrometry (LC-MS/MS) as described.”
Serum fibroblast growth factor 19 (FGF19) levels were
measured using a commercially available enzyme-linked
immunosorbent assay (ELISA) kit (Quantikine Human
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FGF-19 Immunoassay, R&D Systems, Minneapolis,
MN). Serum bile acid profiles were determined by
LC-MS/MS according to the method of Ando et al.*®

Cell Culture. The human hepatoma cell line, Hep-
aRG, was obtained from Biopredic International (Ren-
nes, France). On day 0 a 24-well plate was seeded with
4.8 x 10° differentiated HepaRG cells/well using Hep-
aRG Thawing and Seeding Medium 670. On day 3 the
medium was replaced with 500 pL/well of HepaRG
Induction Medium 640 containing bezafibrate, rifampi-
cin, carbamazepine, or GW4064 dissolved in 1% aceto-
nitrile. Cells were incubated for 48 hours at 37°C in a
humidified incubator containing 5% CO, and 95% air.

Assays of CYP3A4 Activity and PXR Activation. -
CYP3A4 activities were measured by cell-based P450-
Glo CYP3A4 Assay Kit (Luciferin-IPA} purchased
from Promega (Madison, WI). The activation of PXR
was determined by a Human PXR Activation Assay
System (Puracyp, Carlsbad, CA) utilizing DPX2 hepa-
toma cells harboring the human PXR and luciferase-
linked CYP3A4 promoters.

RNA Measurements, Total RNA was extracted from
the HepaRG cells using an RNeasy Plus Mini Kit
(Qiagen, Tokyo, Japan). Reverse transcription and real-
time quantitative polymerase chain reaction (PCR)
were performed as described.?' The sequences of some
primer pairs have been described in the same reporr.?!
The other primer sequences used in this study are
listed in the Supporting Table.

Statistics. Data are reported as the mean = SEM
for human data and as the mean * SD for cell data.
The statistical significance of differences berween the
results in the different groups was evaluated by non-
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parametric Mann-Whitney test for human data (Tables
1, 2) and Student’s two-tailed 7 test for cell data (Figs. -
4, 3). On the other hand, the data obtained before
and after treatment were compared by Wilcoxon
signed-ranks test (Figs. 1-3). In all statistical tests sig-
nificance was accepred at the level of P < 0.05.

Results

The characteristics of the PBC patients enrolled in
the present study are shown in Table 1. In patients
before UDCA trearment (n = 31) and those who
responded to UDCA insufficiently and before addi-
tional bezafibrate treatment (n = 19), serum aspartate
aminotransferase  (AST), alanine aminotransferase
(ALT), GGT, ALB and IgM levels were significantly
elevated compared with healthy controls. Serum low-
density lipoprotein (LDL) cholesterol and triglyceride
conicentrations were increased and HDL cholesterol
concentration was decreased significantly in the
patients before UDCA trearment compared with con-
trols. In the patients before additional bezafibrate
treatment a similar tendency was observed, but the dif-
ferences were not statistically significant.

Baseline biomarker levels for lipid metabolism in the
three groups are compared in Table 2. In this study cho-
lesterol metabolism in PBC patients was assayed by
measuring serum sterol biomarkers. Because most non-
cholesterol sterols are transported in serum with choles-
terol, the expression of each sterol level relative to the
total cholesterol concentration tends to be more reliable
compared with the absolute concentration, especially
when dyslipidemia is present.”? Serum concentrations

Table 1. Characteristics of Patients with PBC Enrolled in the Present Study

Laboratory Data Contral {n=43) Before UDCA Traatment {n=31} Before BF Treatment (n=19}
Age {yrs) 57.8+:1.6 [22-73] 60,318 [37-81] 58.8x1.6 [45-73}
Gender {Male/Female} 11738 427 1/18

AST (IU/L} 21+1 [11-34) 64x18% 119-120} 45:£5% [20-101]
ALY {fU/L) 17+1 [7-30} 82341 [12-138] 51:+9% [18-152}
GGT (U/L) 25%2 [7-58}] 196+271 {30-757] 178+58% [47-445]
ALP (IU/L) 2309 [126-336] 517:+43f [229-1163] 597+511 [266-952)
Total bilirubin {mg/dt) 0.70.1 [0.3-1.2] 0.7£0.2 [0.3-1.3) 0.6+0.1 [0.3-1.1]
1gM (mg/dL} 97212 156-161} 288+27% {90-637) 3066071 {130-466]

1994 [130-257]
1154 {46-194]
652 [33-111)
91::6 [33-214]

Total cholesterol (mg/dl)
LDL chotesterol {mg/dL)
HDL cholesterol {mg/dl}
Triglycerides {mg/dL}

228::18 [118-343]
149::18 |54-228]
55:5 [13-89]
113211 [40-243]

213+9 [120-356}
1387 (91-254]
534+ (13-95}
10727+ [47-199])

Data are expressed as mean % SEM [range].

Before UDCA teatment, all PBC patients before tseatment with UDCA; Before BF treatment, PBC patients who exhibited an incomplete biochemical respanse to
the UBCA monotherapy (600 mg/day) and before additional treatment with bezafibrate.

*P < 0.05, significantly different from control,
1P < 0,005, significantly different from control.
1P < 0.0001, significantly different from control.
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Table 2. Baseline Blomarker Levels for Cholesterol Metabolism In Enrolled Patients with PBC

Serum Blomarkers Contral {n=49)

Bofore UDCA Trontmont {n=31} Bofore BF Treatmont {n=13)

Bile acid metabolism
C4 (ng/mg CHOL)

FGF19 (pg/mt)

Cholesterol metabolism
Lathosterel (ug/mg CHOL)
Sitosterol (pg/mg CHOL)
Campesterol {pg/mg CROL}

Oxysterol metabatism

15.7£2.9 [2.3-118)
336:x51 |50-1662]

2.8£0.3 [0.9-11.7]
1.6x0.1 [0.4-3.8]
1.8%0.1 [0.4-5.1)

4B-HC (ng/mg CHOL) 29+3 [11-135]
248-HC (ng/mg CHOL) 312 [17-74]
27-HC {ng/mg CHOL) 77+3 [35-140]

12,1:+1.8 [0.8-49]
30949 [74-1543]

11.8:+2,1 [1.5-38]
35357 [114-930]

2.2%0.2 10.7-5.8]
2.0::0.2* 10.8-3.9]

2.2:+0.3 {0.8-6.1]
2.4x0.2% [1.1-4.3]

2.0:£0.1 [0.7-3.7} 1.90.2 [0.7-3.3]
44:24% 24-140] 51::5% [20-92)
34+2 [22-69) £1221{20-64)

75:£4 [48-124) 75%4 {39-102]

Dala are expressed as mean = SEM [range].

Before UDCA ireatment, all PBC patients before treatment with UDCA; Before BF tseaiment, PBC patients who exhibited an incomplete biochemical response to
1he UDCA monotherapy (600 mg/day) and before additional treatment with bezafibrate; C4, 7x-hydroxy-4-chelesten-3-one; CHOL, cholesteral; FGF19, fibrablast
growth factor 19; 48-HC, 4f-hydroxycholesterol; 245-HC, 24S-hydrexycholesterol; 27-HC, 27-hydraxycholesterol,

*P < 0.05, significantly different from control.
1P < 0.005, significantly different from control.
1P < 0.0001, significanty different from control.

of sitosterol, 4f3-hydroxycholestero} (43-HC), and 24S-
hydroxycholesterol (24S-HC) expressed relative to total
cholesterol were significantly elevated in both patient
groups compared with controls. However, other sterols,
7a-hydroxy-4-cholesten-3-one (C4), lathosterol, cam-
pesterol, and 27-hydroxycholesterol (27-HC), and
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FGF19 concentrations did not differ significantly
among the three groups.

Effects of UDCA and Bezafibrate on Serum Liver
Enzymes and Lipids. As shown in Fig. 1A, serum
AST, ALT, GGT, ALP, and IgM levels were all reduced
significantly by treatment with UDCA. In patients
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Fig. 1. Effects of UDCA and additional bezafibrate treatment on serum liver enzymes (A) and lipids (B). B, before treatment; A, after treat-
ment; BF bezafibrate; T-CHOL, total cholesterol; LDL, LDL cholesterol; HDL, HDL cholesterol; TG, triglyceride. The mean concentrations before
treatment were set 1o 1.0, and the absolute congentrations before treatment are shown in Table 1. Dala are expressedl as the mean * SEM,
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who responded incompletely 1o UDCA monotherapy,
the combination of bezafibrate and UDCA further
reduced serum levels of ALT, GGT, ALP and IgM.
The changes in serum lipid concentrations by UDCA
and bezafibrate treatment are presented in Fig. 1B.
UDCA monotherapy did not change the serum lipid
levels significantdy. However, the addition of bezafi-
brate significantly decreased serum concentrations of
total cholesterol, LDL cholesterol, and wriglyceride in
those patients whose cholestasis was not sufficiendy
improved by UDCA alone.

Effects of UDCA and Bezafibrate on Bile Acid
Metabolism. C4 and FGF19 are markers of bile acid
production?® and wransintestinal flux,** respectively. As
shown in Fig. 2A, UDCA did not change C4 or FGF19
concentrations, but bezafibrate significantly reduced
both C4 and FGF19 levels. In Fig. 2B,C, serum bile
acid concentrations and UDCA proportion in UDCA-
treated patients before and after addition of bezafibrate
are shown. The addition of bezafibrate significandy
reduced the serum chenodeoxycholic acid (CDCA) and
deoxycholic acid (DCA) concentrations. The serum
cholic acid (CA) and lithocholic acid {LCA) concentra-
tions also tended to be reduced by bezafibrate, but the

differences were not statistically significant. The serum
proportion of UDCA was significantly increased by the
additon of bezafibrate compared with UDCA mono-
therapy, presumably due to its inhibitory effect on de
nove bile acid biosynthesis. The proportion of UDCA
in serum is usually higher than that in bile in patients
treated with UDCA, but it appears to reflect the biliary
proportion of UDCA to some extent.”

Effects of UDCA and Bezafibrate on Stevol
Metabolisin. Cholesterol biosynthesis and intestinal
absorption were studied by measuring serum concen-
trations of lathosterol and plant sterols (sitosterol and
campesterol), respectively. As shown in Fig. 3A,
UDCA treatment did not affect cholesterol biosynthe-
sis bur significantly increased cholesterol absorption. In
conrrast, bezafibrate significantly inhibited cholesterol
biosynthesis but did not change cholesterol absorption.

Serum concentrations of major oxysterols that are
potential ligands of liver X receptor « (LXRa,
NR1H3) were compared between UDCA and bezafi-
brate treatments (Fig. 3B). UDCA trearment did not
affect serum 45-HC or 24S-HC concentrations but
increased the 27-HC concentration significantdly. Treat-
ment with bezafibrate cleatly increased serum 4$-HC
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HEPATOLOGY, May 2013

levels, whereas it significantly reduced the 24S-HC
and 27-HC levels.

Effects of Bezafibrate on CYP3A4. Differentiated
HepaRG cells exhibit a gene expression pattern simi-
lar to primary human hepatocytes and human liver
tissues and maintain significant levels of hepartic cell
functions, including CYP and transporter activities.?®
Rifampicin and carbamazepine are classical inducers
of CYP3A4 by way of the acrivation of PXR,%
whercas GW4064 is one of the most potent agonists
of FXR.*® As shown in Fig. 4A, bezafibrate, as well
as rifampicin  and  carbamazepine, induced both
CYP3A4 mRNA expression and activity in a dose-de-
pendent manner.

Effects of Bezafibrate on PXR Activation. The
DPX2 cell-based luciferase reporter gene assay demon-
strated that in comparison with rifampicin, bezafibrate
was a weak but significant activator of human PXR. as
well as carbamazepine (Fig. 4B). It is noteworthy that
GW4064 activated human PXR ac concentrations
higher than 3 (M.

Effects of Bezafibrate on Gene Expression of Nuclear
Receptors, Transporters, and Enzymes. Among the
nuclear receprors and related coactivators (Fig. 5A),
PXR cxpression was induced by bezafibrate to a greater
degree than that by rifampicin, which suggests thac
PXR is a target gene of PPARs, as reported.™ In con-
trast, the small heterodimer partner (SHP; NROB2), a
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FAS, fatty acid synthase. *P < 0.05, 1P < 0.005, P < 0.001, significant difference from control.
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target of FXR, and LXRa were down-regulated by
bezafibrate, as well as rifampicin and carbamazepine.
FXR and peroxisome proliferator-activated receptor-y
coactivatar-1o. (PGClea) expressions were significantly
down-regulated by rifampicin and carbamazepine but
not by bezafibrate.

The MDR1 (ABCBI) and MRP2 (ABCC2) trans-
porters (Fig. 5B) were up-regulated by bezafibrae,
similar to rifampicin, whereas MDR3, ABCGS5, and
ABCGS werc up-regulated by bezafibrate but not by
rifampicin. In addition, Na*/taurocholate cotransport-
ing polypeptide (NTCP) was down-regulated by beza-
fibrate but did not change significantly by rifampicin.
It is notable that significanc messenger RNA (mRNA)
expression of BSEP was observed in HepaRG cells
treated with GW4064, whereas only a trace amount of
BSEP expression was detected in control cells and
thosc treated with other compounds.

Enzymes involved in cholesterol, bile acid, and fatty
acid syntheses and LDL receptor expression are sum-
matized in Fig. 5C. CYP7A1, CYP7B1, and CYP27AI
were down-regulated and CYP8BI, fatty acid synthase
(FAS), and LDL receptor (LDLR) were up-regulated by
bezafibrate, which was the samc as the effects of rifam-
picin. HMG-CoA reductase (HMGCR), the rate-limit-
ing enzyme in the cholesterol biosynthetic pathway, was
down-regulated by rifampicin but was slightdy up-regu-
lated by bezafibrate.

Discussion

Our results clearly showed thar the combination
therapy of bezafibrate and UDCA significantly
improved cholestasis in early-stage PBC patients who
were refractory to UDCA monotherapy., The mean
levels of ALP and GGT during UDCA monotherapy
were further reduced from 597 * 51 to 324 £ 27
IU/L and 178 £ 59 to 99 * 41 TU/L, respectively, by
the additional administration of bezafibrate (Fig. 1). It
is known that UDCA not only improves cholestasis
bur also serum IgM concentrations.™® The combina-
tion therapy of bezafibrate and UDCA further reduced
the IgM concentration from 306 £ 60 (UDCA alonc)
o 232 % 41 mgfdL (UDCA - bezafibrate), consistent
with the findings reported by Iwasaki et al.'® Further-
more, our results showed that the combination therapy
significantly reduced serum total cholesterol, LDL
cholesterol, and triglyceride concentrations compared
with UDCA alone.

The mechanisms of the anticholestatic effect of beza-
fibrate remain unclear. Becausc MDR3 is a target genc
of PPARe! and bezafibrate is a ligand of PPARa, B/J,

HEPATOLOGY, May 2013

and 7,'® stimulation of biliary phospholipid secretion
due to the up-regulation of MDR3 has generally been
believed to be the main mechanism of the action. In
fact, our experiment using HepaRG cclls showed signifi-
cantly clevated expression of MDR3 mRNA following
the addition of bezafibrate (Fig. 5B). However, MDR3
is activated by both bezafibrate as well as UDCA.”
Furthermore, recent reports have demonstrated that the
expression of MDR3 was already markedly up-regulated
in PBC patients® and it was not significandy affected
by bezafibrate trearment.®’ Therefore, the antichole-
static effect of bezafibrate may be caused by mechanisms
independent of phospholipid secretion.

Other possible anticholestatic mechanisms of bezafi-
brate by way of PPARx activation include down-regula-
ton of NTCRY CYP7A1,3%* and CYP27A1.%3
NTCP transports basolateral (sinusoidal) bile acids into
hepatocytes, whereas CYP7AL and CYP27A1 are key
enzymes in the classic and alternative bile acid biosyn-
thetic pathways, respectively. Coordinate down-regula-
tion of these three proteins lcads to a decrease in hepatic
bile acid concentration and may protect hepatocytes
against cytotoxic bile acids. In addition, the reduction
of hepatic bile acid levels atrenuates the activity of FXR.
It is known that deactivation of FXR up-regulates
MRP4,** onc of the important basolateral transporters
for the efflux of bilc acids from hepatocytes to the sinu-
soid in cholestasis. The transcription of MRP4 is posi-
dvely controlled by the constitutive androstane receptor
(CAR; NR1I3)® and a CAR responsive element is
embedded within an FXR responsive clement in the
human MRP4 promoter. Therefore, activated FXR
competes with CAR for binding to this overlapping
binding sitc, which down-regulates MRP4.%¢

The most striking results among our serum bio-
marker analyses are the elevation of 4f-HC, as well as
the reduction of C4 during treatment with bezafibrate.
Serum 4f3-HC concentration is considered a biomarker
of CYP3A4/5 activity,”” whereas C4 is a marker of
CYP7AL activity or de novo bile acid synthesis.” There-
fore, the changes in 48-HC and C4 concentrations du-
ing bezafibrate treatment suggest that bezafibrate up-
regulates CYP3A4/5 and down-regulates CYP7AL. In
fact, our experiments using HepaRG cells clearly dem-
onstrated thac bezafibrate induced CYP3A4 mRNA
cxpression and activity (Fig. 4A) and inhibited the
expression of CYP7A1 mRNA (Fig. 5C) in a dose-de-
pendent manner. Significant up-regulation of CYP3A4
was caused by at lcast 10 M of bezafibrate, whereas the
serum peak concentration (C,,,,) values after oral
admi%l;istmcion of 400 mg bezafibrate were 9.1-22.7
UM
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Because the expression of CYP3A4 is mainly
controlied by PXR,* it was strongly suggested that
bezafibrate was a ligand of this nuclear recepror, and
this hypothesis was proved by the reporter gene assay
(Fig. 4B). In addition to PPARe, PXR also regulates
hepatic enzyme and transporter activities to exert pro-
tective effects against cholestasis. First, the induced
CYP3A4 deroxifies xenobiotics and endogenous sub-
stances, including the toxic bile acid LCA.** The
C-6a or C-6f position of LCA is hydroxylated by
CYP3A4 and nontoxic hyodeoxycholic acid (6a-OH)
or murideoxycholic acid (68-OH) is formed. Second,
the activation of PXR up-regulates MDRI® and
MRP2,® which was also observed in our HepaRG
cells treated with rifampicin and bezafibrate (Fig. 5B).
MDR1 transports various toxic metabolites and
xenobiotics, whereas MRP2 transports organic anions
from hepatocytes to bile canaliculi.

These results further suggest that the down-regulation
of CYP7A1 by bezafibrate is caused not only by the acti-
vation of PPAR« bur also by the activation of PXR. Li
and Chiang44 demonstrated that hepatocyte nuclear fac-
tor 40, (HINF4a; NR2A1) interacts with several coactiva-
tors including PGCla, and that the complex activates
the transcription of CYP7AI in the absence of ligands.”®
Ligands for PXR activate PXR to promote its interaction
with HINF4¢, which disrupes the interaction between
HNF4o and PGCle and results in suppression of
CYP7Al expression.

Rifampicin is a more potent ligand of human PXR
than bezafibrate (Fig. 4), and has also been shown to
have anticholestatic effects in PBC patients.® How-
ever, continuous administration of rifampicin can
sometimes result in severe hepatitis,*” In addition to
rifampicin and bezafibrate, budesonide, but not pred-
nisolone, is also an agonist of the human PXR.48
Therefore, the therapeutic effects of budesonide on
PBC patients may be caused at least in part by the
anticholestatic effects by way of the activation of PXR.

Hypercholesterolemia and hypertriglyceridemia are
often observed in PBC patients. Alchough it remains
controversial whether or not the lipid abnormalities in
this disease increase atherosclerotic risk,*® the adminis-
tration of bezafibrate significantly reduced the serum
concentrations of LDL cholesterol and triglycerides.
The mechanism of the cholesterol-lowering effect of
bezafibrate has not yet been completely elucidated, and
at the very least, it is not likely due to a direct inhibition
of HMGCR* (Fig. 5C). Because the concentration of
serum lathosterol, a marker for de nowe cholesterol bio-
synthesis, was decreased significantly during bezafibrate
therapy, inhibition of other enzymes involved in the
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pathway is strongly suggested. Another mechanism of
the cholesterol-lowering effect of bezafibrate may be
due to the stimulation of cholesterol efflux from hepa-
tocytes to the bile canaliculi by way of the activation of
PPARs. Qur experiment using HepaRG cells showed
significantly up-regulated expression of ABCG5 and
ABCG8 mRNA after bezafibrate but not rifampicin
treatment (Fig. 5B). A similar effect of bezafibrate on
ABCGS5 in human liver has been reported previously,*’

Because of the inhibition of bile acid synthesis and
presumably the stimulation of cholesterol excretion into
bile, bezafibrare significantly increases biliary cholesterol
saturation.”® Tndeed, increased risk of gallstone formation
has been reported in hyperlipidemic patients treated with
another fibrate, fenofibrate.®® However, combination
therapy of UDCA and bezafibrate appears to attenuare
the adverse effect of bezafibrate, because UDCA mark-
edly lowers biliary cholesterol saturation and dissolves
cholesterol gallstones.” On the other hand, bezafibrate
may augment the anticholestatic and antilithogenic
actions of UDCA by inhibiting bile acid synthesis and
increasing the proportion of UDCA (Fig. 2C).

In addition to anticholestatic effects, activation of
PXR* and the PPARs® has been reported to suppress
inflammation through the inhibition of proinflammarory
genes, induding nuclear factor-*B (NF-xB), wmor
necrosis factor-o, and interlenkin-le. In this study,
although we did not evaluate the contribution of the anti-
inflammatory effects of bezafibrate to the improvement of
biochemical markers, bezafibrate is suggested to be an
ideal drug with anticholestatic, hypolipidemic, and even
antiinflammatory actions on PBC by way of the activa-
ton of both PXR and PPARs.
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In summary, bezafibrate exhibited anticholestatic cffi-

cacy on PBC paticnts who showed an incomplete
response to UDCA monotherapy. Although UDCA
replaces hydrophobic bile acids and activates canalicular
BSEP and MDR3 and basolateral MRP4,” bezafibrate
inhibits hepatic synthesis and uptake of bile acids,
enhances bile acid detoxification, and stimulates canalic-
ular MDR3, MDR1 and MRP2 activitics as a dual
PPARs/PXR agonist (Fig. 6). These data lend support
to the idea thar combination therapy with UDCA and
bezafibrate is an excellent method for the treatment of
early-stage PBC patients who exhibit an incomplete
biochemical response to UDCA monotherapy.
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Bile Acid Malabsorption Deactivates Pregnane X Receptor in
Patients with Crohn’s Disease

Junichi lwamoto, MD, PhD,* Yoshifumi Saito, MD, PhD,* Akira Honda, MD, PhD,*" Teruo Miyazaki, PhD,”
Tadashi tkegami, MD, PhD,* and Yasushi Matsuzaki, MD, PhD*

Background: Recent studies have suggested that the downregulation of pregnane X receptor (PXR) may contribute to the susceptibility and
exacerbation of Crohn’s disease (CD). Because bile acid malabsorption is one of the features of CD and bile acids are potential activators of PXR, we
explored the relationship between bile acid malabsorption and PXR activities in patients with CD.

Methods: Twenty-one patients with CD (4 ileal-resected and 17 nonresected), 10 with ulcerative colitis (UC), and 26 healthy controls were studied.
Serum biomarkers for the activity of CYP3A4, a target gene of PXR, and for cholesterol and bile acid metabolism were quantified by liquid
chromatography-tandem mass spectrometry or enzyme-linked immunosorbent assay.

Results: The concentrations of 48-hydroxycholesterol (48-HC), a known marker for CYP3A4 activity, and those of 25-hydroxycholesterol (25-HC),
another metabolite by CYP3A4, were significantly reduced in all patients with CD, especially in those with the history of ileal resection. The
concentration of 7o-hydroxy-4-cholesten-3-one (C4), a marker for hepatic bile acid biosynthesis, was significantly elevated, whereas the levels of
fibroblast growth factor 19 (FGF19), a marker for intestinal bile acid flux, were reduced in patients with CD compared with patients with UC and
controls. A significant negative correlation was observed between 48-HC or 25-HC and C4 concentrations in all patients with CD.

Conclusions: The degree of bile acid malabsorption was closely associated with the deactivation of PXR in CD. Enterchepatic circulation of bile acids
is a key factor for preservation of baseline activity of hepatointestinal PXR.

(Inflamm Bowel Dis 2013;19:1278-1284}
Key Words: bile acids, Crohn’s disease, CYP3A4, pregnane X receptor

l nflammatory bowel diseases (IBDs) are chronic inflammatory
conditions of the colon and small intestine. The 2 major forms of
IBD, ulcerative colitis (UC) and Crohn’s disease (CD), are clin-
ically and pathologically overlapping but often very different.™?
UC has nontransmural inflammation that is limited to the colon,
whereas CD shows transmural inflammation that can involve the
entire gastrointestinal tract. The etiology of IBD is still unclear but
is thought to result from the interplay of genetic and environment
factors.

Recent studies have indicated that dysregulation of the
pregnane X receptor (PXR; NR1I2) expression or activity may
contribute to the pathophysiology of IBD.?> PXR, a nuclear recep-
tor, is a member of a family of ligand-activated transcription
factors, which regulates detoxification of steroids and xenobiotics
and is critical for the maintenance of intestinal integrity. The well-
characterized target gene of PXR is cytochrome P450 3A4
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(CYP3A4) that is involved in the detoxification of steroids and
xenobiotic compounds with broad substrate specificity.* Multi-

_ drug resistance protein 1 (MDR1; ABCBI), an efflux pump for

xenobiotics with broad substrate specificity, seems to be another
target of PXR. When PXR is activated by ligand substrates, it
binds to response elements in the CYP344 and MDRI gene pro-
moters, so that the production of CYP3A4 and MDR1 proteins is
upregulated.® In addition to the detoxification of steroids and
xenobiotics, PXR ameliorates intestinal inflammation through
inhibitory effects on both the proinflammatory transcription factor
nuclear factor KB%” and the proinflammatory cytokine tumor
necrosis factor o (TNF-).%

PXR knockout mice show marked mucosal inflammation in
the small intestine.® In humans, specific polymorphisms in the PXR
locus that are associated with decreased PXR activities are corre-
lated with an increased susceptibility to IBD.'*!! Furthermore, the
activation of PXR by rifaximin, a nonabsorbable antibiotic, showed
therapeutic effects on patients with CD'? and on the dexiran sulfate
sodium~induced and trinitrobenzene sulfonic acid-induced IBD
model mice.'* Rifaximin increased detoxification of xenobiotics
and antagonized the effects of TNF-«, and nuclear factor KB in both
intestinal epithelial cells and colon biopsies.®’

Bile acid malabsorption (BAM) is one of the common’
features of CD with ileitis or ileal resection. Akerlund et al'*
demonstrated a positive correlation between hepatic activity of
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BAM Deactivates Pregnane X Receptor

cholesterol 7a-hydroxylase, the rate-limiting enzyme in the bile
acid biosynthetic pathway, and the length of resected ileum. More
recently, Lenicek et al'® have shown that serum levels of
7a-hydroxy-4-cholesten-3-one (C4), a marker for hepatic bile acid
biosynthesis,'® are significantly increased and those of FGF19,
a marker of intestinal bile acid flux or farnesoid X receptor
(FXR) activity,'” are significantly decreased in patients with CD
with' ileal inflammation or resection compared with those in
healthy controls. Because bile acids are potential activators of
PXR,'®'® we hypothesized that hepatointestinal PXR activities
were downregulated in patients with CD due to BAM followed
by reduced enterohepatic circulation of bile acids.

The aim of this study was to explore the relationship
between BAM and PXR activities in patients with CD., We
measured serum markers of hepatic CYP3A4 activity® and those
of cholesterol and bile acid metabolism. The results showed that
the degree of BAM was closely associated with the deactivation
of PXR in patients with CD,

MATERIALS AND METHODS

Subjects and Sample Collection

Thirty-one patients with IBD, including 21 with CD and 10
with UC, were studied. Four of the patients with CD had the
history of ileal resection, whereas the other 17 patients had no

previous surgeries. Among the 17 patients with CD without
previous surgery, 16 were the ileumn or ileumn + colon type and
only 1 was the colon type. Patients were diagnosed as UC or CD
by clinical, endoscopic, histopathological, and radiological exami-
nations. Detailed baseline characteristics of the patients are
described in Table 1. Blood samples were collected from the
patients in the moming before breakfast after an overnight fasting,
and sera were stored at —20 °C until analysis. Control sera at
fasting were obtained from healthy volunteers, and 26 sex-
matched and age-matched samples were used in this study.
Informed consent was obtained from all subjects, and the exper-
imental protocol was approved by the Ethics Committee of Tokyo
Medical University Ibaraki Medical Center.

Serum Sterol Analysis

Total serum cholesterol concentrations were measured by
enzymatic methods using the Cholesterol E-Test Wako (Wako
Pure Chemical Industries, Osaka, Japan). Noncholesterol sterols
(lathosterol, sitosterol, campesterol, and oxysterols) were quanti-
fied by LC-MS/MS as described in our previous article.?! Briefly,
coprostanol and deuterated oxysterols were added to 5 pL of
serum as internal standards, and alkaline hydrolysis was carried
outin 1 N ethanolic KOH with butylated hydroxytoluene at 37°C
for 1 hour. Sterols were extracted with #-hexene, derivatized to
the picolinyl esters, and injected into the LC-ESI-MS/MS system,
a TSQ Vantage triple stage quadrupole mass spectrometer

TABLE 1. Baseline Characteristics

Characteristics CD CD-PR ucC Control
Age 323 +25 445 = 9.8 452 £ 55 349 + 18
Gender (male/female) 14/3 4/0 73 20/6
Location of CD
Iteum 6 (35%) 1 (25%) —_ —
Tleum and colon 10 (59%) 3 (75%) — —
Colon 1 (6%) 0 (0%) — —
Location of UC
Proctitis —_ —_ 2 (20%) —
Left-side colitis — —— 3 (30%) —
Pancolitis — — 5 (50%) —
C-reactive protein (mg/dL) 1.75 £ 0.73 1.14 = 0.80 1.51 £ 0.54 0.02 = 0.01
Erythrocyte sedimentation rate (mm/h) 21.7 £ 64 230 %72 19.8 £ 6.1 3415
CD Activity Index score 174 = 77 162 + 62 — -
Mayo score — o 48 =12 —
Medications ,
5-Aminosalicylates 17 (100%) 4 (100%) 10 (100%) 0 (0%)
Corticosteroids 4 (24%) 0 (0%) 1 (10%) 0 (0%)
Azathioprine 8 (47%) 2 (50%) 5 (50%) 0 (0%)
Infliximab 9 (53%) 2 (50%) 1 (10%) 0 (0%)

The numbers of subjects or mean * standard error of the mean are given. PR, postresection of distal ileum.
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