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cholangiocytes (Fig. 4A). To determine the potential role
of each of the AR subtypes on the proliferation of immor-
talized small and large cholangiocytes, we performed
MTS proliferation assays in the presence/absence of oy
(phenylephrine), o, (UK14,304), f; (dobutamine), f,
(clenbuterol) or B3 (BRL 37344) AR agonists. In large
cholangiocytes, we observed that dobutamine, clenbu-
terol, and BRL 37344 stimulated proliferation, whereas
phenylephrine and UKI14,304 had no effect on the
growth of large cholangiocytes (Fig. 4B). In addition to
phenylephrine, dobutamine (but not clenbuterol, and
BRL 37344) increased small cholangiocyte proliferation
(Fig. 4B). Because activation of f-adrenergic receptors
regulates biliary functions by increased intracellular cAMP
levels in chcslangiocytes,9 we focused our studies on the
role of phenylephrine (an ;-AR agonist stimulating IP3/
Ca®" levels)'®** on Caz+—dependent signaling in small
cholangiocytes. We demonstrated that o;, (RS17053),
oqp (Recl5/2615) and a1y (BMY7378) AR antagonists
induced a partial yet significant reduction in phenyleph-
rine-induced proliferation of immortalized small cholan-
giocytes (Fig. 4C). However, levels of proliferation
stimulated by phenylephrine in the presence of the
antagonists remain significant in comparison to basal con-
ol proliferation, which demonstrates that all three
receptor subtypes are involved in phenylephrine-induced
proliferation (Fig. 4C).
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Fig. 1. Expression of s, o1, o1p AR by
immunohistochemistry (A) in liver sections, and
immunofiuorescence (B) in immortalized small
and large cholangiocytes. (A) Small (yellow
arrows) and large (red arrows) bile ducts were
positive for oyp-, o1g-, and 21p-AR expression.
Original magnification, x20. (B) Immortalized
small and large cholangiocytes were positive for
o1a- %g-, and oqp-AR. AR expression is shown
in red with nuclei counterstained with DAPI (4',6-
diamidino-2-phenylindole; blue). Original magnifi-
cation, x60. The negative control performed
without the primary antibody is presented at the
bottom of the figure. Bile ducts (A) and immor-
talized small and large cholangiocytes (B)
express qa, %1, and aqp.AR.

Phenylephrine  Stimulates the Proliferation of
Immortalized Small Cholangiocytes Via Ca2+-De-
pendent Signaling Mechanism. Phenylephrine increased
intracellular IP; (but not cAMP, not shown) levels (ba-
sal: 0.39 = 0.03 versus phenylephrine: 0.62 * 0.07
pmol/1 x 107 cells; 2 < 0.01) in immortalized small
cholangiocytes. Phenylephrine-stimulated proliferation of
immortalized small cholangiocytes was blocked by
BAPTA/AM, CAL* 11R-VIVIT, and MiA (Fig. 4D).

Phenylephrine Stimulates the Nuclear Transloca-
tion of NFAT and DNA-Binding Activity of NFAT2/
4 and Spl in Immortalized Small Cholangiocy-
tes. To further define the role of NFAT in phenyleph-
rine-stimulated proliferation, we performed experiments
to evaluate nuclear translocation and DNA-binding ac-
tivity of NFAT2 and NFAT4 in immortalized small
cholangiocytes. By immunofluorescence, phenylephrine
stimulates nuclear translocation of both NFAT2 and
NFAT4 in small cholangiocytes (Fig. 5). This transloca-
tion that was blocked by inhibitors of upstream Ca**-
dependent signaling (i.e., benoxathian [nonsubtype selec-
tive o;-AR antagonist],” BAPTA/AM, and CAI) (Fig.
5), which confirms the results of the proliferation studies
(Fig. 4D). The activation of NFAT and Sp1/3 DNA-
binding activity was determined by EMSA and DNA-
binding activity ELISA. We found by EMSA that pheny-
lephrine stimulates time-dependent activation of NFAT
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Fig. 2. Expression of NFAT isoforms by immu-
nohistochemistry (A) in liver sections, and immu-
nofluorescence (B) in immortalized small and
large cholangiocytes. (A) NFAT2 and 4 were
expressed predominantly by small bile ducts (yel-
low arrows; for semiquantitative data see Sup-
porting Information Table 1). A small percent of
cholangiocytes in large bile ducts (red arrows)
stained positively for NFAT2 and 4. NFAT3 was
expressed only in large bile ducts, whereas
NFAT1 was not expressed in either sized bile
ducts. Original magnification, x20. (B) A similar
expression profile was observed in immortalized
small and large cholangiocytes. Small cholangio-
cytes were positive for NFAT2 and 4. Large chol-
angiocytes were positive for NFAT3, whereas
neither cell type expressed NFAT1. Original mag-
nification, x60. A representative negative control
performed without the primary antibody is pre-
sented at the bottom of the figure.

DNA-binding in small cholangiocytes (Fig. 6). The
consensus sequence used in the EMSA will bind both
NFAT?2 and NFAT4 (elucidation of the involvement

of isoforms was determined by knockdown experi-
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Small Large

ments discussed later). NFAT2 DNA-binding activity
was confirmed by DNA-binding activity ELISA. The
ELISA kit used recognizes the specific DNA-binding
activity of NFAT2 (and not other NFAT isoforms as

Fig. 3. Expression of CK-19 by
immunohistochemistry in liver sec-
tions of normal mouse treated with
vehicle or phenylephrine for 1
week in the absence or presence
of 11R-VIVIT or MiA. Large (red
arrow) and small (yellow arrows)
ducts are indicated. Original mag-
nification, x40. Measurement of
IBDM of small and large cholangio-
cytes in liver sections from the
selected groups of mice. Chronic
administration of phenylephrine to
normal mice induces a significant
increase in IBDM of small but not
large cholangiocytes, increase that
was blocked by 11R-VIVIT and MiA.
*P = 0.0022 (by Mann-Whitney
test) versus IBDM of small cholan-
giocytes from normal mice treated
with phenylephrine versus normal
mice treated with vehicle.
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Fig. 4. (A) Effect of different doses (107 to 1073 M) of phenylephrine on the proliferation of immortalized small cholangiocytes. The doses
(107“ to 107° M) used for phenylephrine induced a similar increase in small cholangiocyte proliferation. Asterisk (*) denotes significance (P
< 0.05) when compared with the respective basal treatment using a Kruskal-Wallis test (n = 6-14). (B) In addition to phenylephrine, dobut-
amine increased small cholangiocyte proliferation. In immortalized large cholangiocytes, dobutamine, clenbuterol and BRL 37344 induced a sig-
nificant increase in proliferation, whereas phenylephrine and UK14,304 had no effect. Asterisk (*) denotes significance (P < 0.05) when
compared with the respective basal treatment using a Kruskal-Wallis test (n = 14). (C) Effect of phenylephrine (10 uM for 24 hours) on the pro-
liferation of immortalized small cholangiocytes in the absence or presence of selective AR antagonists. oia-, o3~ and oyp-AR antagonists
induced a partial yet significant reduction in phenylephrine-induced small cholangiocyte proliferation. Asterisk (*) denotes significance (P <
0.05) when compared with the respective basal treatment using a t test (n = 14). Section symbol (§) denotes significance (P < 0.05) when
compared with phenylephrine-induced proliferation. (D) Phenylephrine stimulates small cholangiocytes proliferation in a Ca?! -dependent mecha-
nism. Small mouse cholangiocytes were stimulated with phenylephrine in the presence/absence of BAPTA/AM, CAl, 11R-VIVIT, or MiA. Phenyleph-
rine-stimulated small cholangiocyte proliferation was prevented by BAPTA/AM, CAl, 11R-VIVIT, or MiA. Asterisk (*) denotes significance (P <
0.05) when compared with the respective basal treatment using a Kruskal-Wallis test (n = 14).
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Fig. 5. Phenylephrine stimulates
the nuclear translocation of NFAT2
and NFAT4. Immortalized small
cholangiocytes were  stimulated
with phenylephrine in the pres-
ence/absence  of  benoxathian,
BAPTA/AM, and CAl for 60
minutes. By immunofluorescence,
phenylephrine stimulates the nu-
clear translocation of NFAT2 and
NFAT4 (arrows), which was blocked
by benoxathian, BAPTA/AM, and
CAl. Original magnification, x60.
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there are no commercially available kits). Our results
demonstrate that phenylephrine stimulatess NFAT2
DNA-binding activity in small cholangiocytes, which
was blocked by BAPTA/AM and CAI (Fig. 7A). We
also found that phenylephrine stimulates the time-de-
pendent increase in Spl DNA-binding activity in small
cholangiocytes as determined by EMSA (Fig. 7B). The
DNA-binding specificity of Spl when challenged dur-
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ing cold competition was determined and presented in
Supporting Information Fig. 3. Because both Sp1 and
Sp3 are known to interact with NFAT?2 and NFAT4,
we determined by DNA-binding activity ELISA which
isoforms (i.e., Spl and Sp3) are activated by phenyl-
ephrine. In small immortalized cholangiocytes, phenyl-
ephrine stimulated Spl (but not Sp3), which was
blocked by BAPTA/AM, CAI, and MiA (Fig. 7B,C).

<« Oct

- Unbound Qligonucieotides

- Unincorporated Nucleotides

Fig. 6. Evaluation of phenylephrine-induced NFAT and Sp1 DNA-binding activity by EMSA. Immortalized small cholangiocytes were stimulated
with phenylephrine for 0, 30, and 60 minutes at 37°C and DNA-binding activity was assessed by EMSA. Phenylephrine stimulated a time-de-
pendent increase in DNA-binding for both NFAT (NFAT2 and 4 can both bind the consensus sequence) and Sp1. DNA-binding activity to the Oct
consensus sequence was used as a loading control. Specificity of binding was demonstrated by adding 50-fold excess of either unlabeled NFAT
consensus sequence, (NFAT cc), mutated NFAT consensus sequence (NFAT mt), or Oct sequence to the nuclear extract taken at time 0. NFAT =
nuclear factor of activated T cells; NFAT cc = NFAT cold consensus sequence; NFAT mt = NFAT mutated competitor; Oct = octamer binding fac-

tor; and Oct cc = Oct cold consensus sequence.
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Fig. 7. Phenylephrine induces NFAT2 and Sp1 (but not Sp3) DNA-binding activity. (A) Immortalized small cholangiocytes were stimulated with
phenylephrine in the presence/absence of BAPTA/AM and CAl for 60 minutes. NFAT2 DNA-binding activity was determined by ELISA. Phenyleph-
rine stimulates the DNA-binding activity of NFAT2, which is blocked by BAPTA/AM and CAl Asterisk (*) denotes significance (P < 0.05) when
compared with the respective basal treatment using a t test (n = 4). (B,C) Small cholangiocytes were stimulated with phenylephrine in the pres-
ence/absence of BAPTA/AM, CAl and MiA for 60 minutes. Sp1 and Sp3 DNA-binding activity was determined by ELISA. Phenylephrine stimulates
the DNA-binding activity of Sp1 (B), but not Sp3 (C), which is blocked by BAPTA/AM, CAl, and MiA. Asterisk (*) denotes significance (P <
0.05) when compared with the respective basal treatment using a t test (n = 4).

Knockdown of NFAT2 and Spl Expression in
Immortalized Small Cholangiocytes Prevents Phenyl-
ephrine-Induced Proliferation. We established small
cholangiocyte lines that have NFAT2, NFAT4, and
Spl expression stably knockdown. Knockdown of
NFAT?2 expression prevented phenylephrine stimulated
proliferation of small cholangiocytes (Fig. 8A). Knock-
down of NFAT4 only slightly depressed phenyleph-
rine-stimulated  proliferation of small cholangiocytes
(Fig. 8B). In NFAT4 knockdown cells, phenylephrine
stimulated a significant increase in small cholangiocyte
proliferation versus basal (Fig. 8B). Phenylephrine had
no effect on small cholangiocyte proliferation in cells
with knockdown of Sp1 expression (Fig. 8B).

Discussion

We demonstrated that: (1) small and large bile ducts
and freshly isolated and immortalized cholangiocytes
express all of the AR subtypes; (2) NFAT2 and NFAT4

are predominandy expressed by small bile ducts and
immortalized small cholangiocytes; (3) phenylephrine
stimulates both in vive and in vitro the proliferation of
small cholangiocytes via activation of Ca”*-dependent
signaling, which is blocked by iz vive and in viiro inhi-
bition of NFAT and Spl; (4) phenylephrine stimulates
Ca**-dependent DNA-binding activities of NFAT?2 and
Spl (but not Sp3) and nuclear translocation of NFAT2
and NFAT4 in immortalized small cholangiocytes; and
(5) knockdown of NFAT2 or Sp1 gene expression pre-
vents phenylephrine-induced small cholangiocyte prolif-
eration, whereas NFAT4 knockdown had a minimal
effect on phenylephrine-induced proliferation of
immortalized small cholangiocytes. The regulation of
small cholangiocyte proliferation (via activation of o4,
o1, ¢ap AR by phenylephrine) is dependent on activa-
tion of Ca**/NFAT2/Sp1 signaling mechanisms.

The possible influence on the results by using small
and large immortalized cholangiocytes are minimal,
because these cells are derived from small and large
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Fig. 8. Knockdown of NFAT2 and Spl expression prevents phenyl-
ephrine-induced proliferation of immortalized small cholangiocytes. The
expression of NFAT2, NFAT4, or Sp1 was knockdown in small cholan-
giocytes by stable transfection of the respective shRNA. The knock-
down of NFAT2 (A) and Spl (B) resulted in the prevention of
phenylephrine-stimulated small cholangiocyte proliferation. (B) Knock-
down of the expression NFAT4 did not significantly inhibit phenyleph-
rine stimulation of small cholangiocyte proliferation. Data was
expressed as fold-change relative to the respective basal values. Hash
mark (£) denotes significance (P < 0.05) when compared with the re-
spective phenyl-stimulated treatment group using a ¢ test (n = 7).

bile ducts®®; and have similar morphological, pheno-
typical and functional characteristics of freshly isolated
small and large murine cholangiocytes.>®* These cell
preparations express similar levels of the biliary
markers, cytokeratin-7 and cytokeratin-19,>° and dis-
play similar morphological differences in size.”® At the
functional level immortalized large (but not small)
cholangiocytes express secretin receptor, CFTR and
Cl" /HCOjs-exchanger and selectively respond to secre-
tn with changes in cAMP levels similar to that of
freshly isolated cholanglocytes
and large cholangiocytes display proliferative capacities
similar to freshly isolated small and large mouse chol-
angiocytes because large cholangiocytes proliferate by a
cAMP-dependent pathway, whereas I%/Ca”—depend—
ent signalings regulate the growth of small cholangio-
cytes.”®'® These findings support the validity of

Immortalized small
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immortalized small and large cholangiocytes for evalu-
ating functions of small and large bile ducts.

Small and large cholangiocytes express o;-AR (a4,
o, op). However, only immortalized small cholan-
giocytes respond 7n witro to phenylephrine with
increased proliferation that was blocked by all three
o1-AR antagonists (Fig. 4C). Although dobutamine
induced 77 vitro a significant increase in the prolifera-
tion of immortalized small cholangiocytes, we did not
address the mechanisms of such increase because do-
butamine is a racemic mixture, in which one enan-
tiomer is an agonist at f1 and 2 AR, and the other
enantiomer is an agonist at o, AR.*® Thus, dobut-
amine-induced increases in small cholangiocyte prolif-
eration may be due to the activation of o; AR. A spe-
cific f1-AR agonist is not available. We have
demonstrated that phenylephrine increases secretin-
induced choleresis of large cholangiocytes when
administered to bile ductligated rats.'® In in wvitro
studies, phenylephrine did not alter basal but increased
secretin-stimulated large bile duct secretory activity
and cAMP levels, which were blocked by BAPTA/AM
and Go66976 (a PKC antagonist)‘lo Phenylephrine
increased IP3 and Ca®" levels and activated PKCo and
PKCpy;."" Because large cholanglocytes are normally
hormonally responsive to secretin'®® and regulated by
cAMP-dependent signaling,>'®?® we propose that this
acute effect of phenylephrine on secretin-stimulated
large bile duct secretion is likely mediated by activa-
tion of the Ca®'-dependent adenylyl cyclase, ACS,
which is key in the secretory activity of large cholan-
giocytes.”® We postulated that phenylephrine has dif-
ferendal effects on small and large cholangiocytes. In
immortalized small cholangiocytes, phenylephrine
stimulated intracellular IP5 levels and plays a role in
stimulating proliferation. Activation of small cholan-
giocyte proliferation by endogenous catecholamines
(such as, norepinephrine and epinephrine) and other
Ca®*" agonists (including phenylephrine) may be key
during pathological conditions when large cholangio-
cytes are damaged, and the de novo proliferation of
small cholangiocytes is necessary for the replenishment
of the biliary system and compensation for loss of hor-
monal responsiveness.”” Other studies have shown
that o;-AR agonists like phenylephrine can induce pro-
liferation in various cell types including hepatocytes.”
We found a similar profile in small cholangiocytes,
because  phenylephrine-induced  proliferation  was
blocked by inhibition of Ca®", calcineurin activity,
and NFAT activity. In addition, phenylephrine-induced
proliferation was blocked by MiA implicating the
involvement of Sp1/3.
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NFAT and Sp1/3 isoforms play a critical role in the
regulation of cell proliferation. NFAT?2 stimulates pro-
liferation of several cell types including lymphocytes.*°
NFAT4 deficiency results in incomplete liver regenera-
tion following partial hepatectomy.”’ NFAT2 and 4
have also been shown to crosstalk with Sp1/Sp3 to coop-
eratively regulate membrane type 1 matrix metallopro-
teinase gene transcription and cellular differentiation in
keratinocytes.42 Using several molecular approaches, we
found that phenylephrine stimulates the Ca®*-depend-
ent DNA-binding activities of NFAT2/4, and Sp1 (but
not Sp3) and the nuclear translocation of NFAT?2 and
NFAT4 suggesting the involvement of these transcrip-
tion factors in phenylephrine-induced proliferation of
small cholangiocytes. We confirmed their involvement
using shRNA to knockdown the expression of these
transcription factors.

In summary, we demonstrated that small cholangio-
cyte proliferation is regulated by the activation of ;-
ARs and occurs through Ca®**/calcineurin-dependent
activation of NFAT2 and Spl. Modulation of the
Ca®*-dependent transcription factors, NFAT2 and
SP1, may be an important therapeutic approach for
inducing ductular proliferation for maintaining the ho-
meostasis of the biliary during the damage of large
cAMP-responsive bile ducts.>”
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ABSTRACT: Acoustic radiation force impulse (ARFI)
imaging is a new technology used to determine liver
elasticity. We report the case of a patient that survived
hyperacute-type acute liver failure (ALF) and who
showed a dramatic change in the value of shear wave
velocity (SWV) measured by ARFI, which corre-
sponded with the severity of her liver damage. The
value of SWV increased significantly up to 3.6 + 0.3
m/s during the encephalopathy phase and then
decreased along with the recovery of liver function,
the blood flow of the right portal vein, and the liver
volume. These findings suggest the value of SWV in
ALF as a reliable marker of liver tissue damage.
Further investigations of the pathophysiological
significance of SWV in ALF are warranted. ® 2011
Wiley Periodicals, Inc. J Clin Ultrasound 40:99-104,
2012; Published online in Wiley Online Library
{wileyonlinelibrary.com). DOI: 10.1002/jcu.20893

Keywords: acute liver failure; liver stiffness; ARFI;
shear wave velocity; elastography

he severity of liver tissue damage and the

prompt reconstruction of liver tissue in acute
liver failure (ALF) are critical factors that impact
the prognosis and determine the necessity for
liver transplantation.™ Although histopathologi-
cal examination of biopsy specimens obtained
through transvenous biopsy and various imaging
methods such as CT can be used for this purpose,
ALF patients are often too sick to undergo these

Correspondence to: H. Kuroda

© 2011 Wiley Periodicals, Inc.
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examinations frequently and serially®* In con-
trast, sonography (US) can be performed on these
patients at any time, because it is noninvasive
and ean be performed at the bedside.

Several previous reports using transient elas-
tography (TE) have revealed that the degree of
liver stiffness increased transiently during the
acute phase of acute hepatitis.* Acoustic radia-
tion force impulse (ARFI) imaging is a new repro-
ducible technique for quantitative assessment of
tissue stiffness through measurement of shear
wave velocity (SWV),%? and it has been applied to
the evaluation of the extent of fibrosis in chronic
liver disease.!®'®> However, no reports have
assessed liver stiffness in ALF patients using
ARFI.

We describe the case of a patient who recov-
ered from hyperacute ALF without liver trans-
plantation and underwent serial evaluations of
liver stiffness using ARFI over the course of ALF
and recovery.

CASE REPORT

A 52-year-old Japanese woman was evaluated
because of general fatigue, jaundice, and upper
abdominal pain for a few days. There was no his-
tory of drug or alcohol abuse or any family his-
tory of liver disease. Due to the development of
disorientation, she was transferred to the liver
unit of the Iwate Medical University Hospital.
The initial laboratory examination showed severe
liver dysfunction (Table 1). The serological tests
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TABLE 1
Laboratory Data on Admission

Hematology Biochemistry
WBC 15,400 /ul T. Bil 4.0 mg/di BUN 21.7 mg/dl
RBC 449 x 10%ul DfT ratio 0.80 CRNN 2.05 mg/dl
Hb 14.4 g/d! AST 6,568 1U/I Na 128 mEqg/!
Ht 33.5% ALT 4,911 1U/1 K 5.4 mEq/l
Pit. 13.6 X 10%ul LDH 1,6111U/ c 96 mEq/!
v-GTP 788 1U/1 TC 83 ma/dl

Coagulation ChE 146 1U/) BS 129 mg/dl

APTT 65.2S ALP 567 U/l CRP 0.4 mg/di

PT (%) 5.0% AMY 320U/ 1gG 816 mg/d!

PT-INR 5.9 TP 4.4 g/dl IgA 128 mg/d!

HPT 19.4 % Alb 3.0 g/di IgM 40 mg/dl

NH3 175 ug/dl

Virus makers

IgM-HA Ab 0.0 CMV IgM <x10

HBs Ag 0.1C.0.L CMV IgG <X10

HBs Ab 0.1C.0.L HSV igM <X10

HBe Ag 0.1C.0.l HHVE igM <X10

HBe Ab {-) Parbo B19 IgM (-)

HBc Ab (-)

IgM-HBc Ab 0.2C.0.L Serology

HCV Ab 0.9C.0.L ANA (-)

HCV RNA (PCR) (=) AMA (—)

HEV IgM (-) AM2A (-)

HEV IgG (=)

EBV VCA IgM <X10 Others

EBV VCA IgG {+) AFP 7.2 ng/ml

EBV EBNA (+) hHGF 47.2 ng/ml

Abbreviations, AFP, alpha-fetoprotein; Alb, aluminum; ALP, alkaline phosphatase; ALT, alanine transaminase; AMA, antimitochondrial anti-
body; AMY, amylase; ANA, antinuclear antibody; AM2A, antimitochondrial M2 antibody; APTT, activated partial thromboplastin time; AST, aspar-
tate transaminase; BS, blood sugar; BUN, blood urea nitrogen; ChE, cholinesterase; Cl, chlorine; CMV IgG, cytomegalovirus immunoglobulin G;
CMV IgM, cytomegalovirus immunoglobulin M; C.0.1., cutoff index; CRNN, creatinine; CRP, C-reactive protein; D/T ratio, direct bilirubin/total bili-
rubin ratio; EBV VCA EBV EBNA, Epstein-Barr virus nuclear antigen; EBV VCA IgG, Epstein-Barr virus antibody to viral capsid antigen, IgG; EBV
VCA IgM, Epstein-Barr virus antibody to viral capsid antigen, 1gM; y-GTP, y-glutamyltransferase; Hb, hemoglobin; HBc Ab, hepatitis B core anti-
gen; HBe Ab, hepatitis B e antibody; HBs Ab, hepatitis B surface antibody; HBs Ag, hepatitis B surface antigen; HCVAD, hepatitis C virus antibody;
HCV RNA, hepatitis C virus RNA; HEV IgG, immunoglobulin G antibodies against hepatitis E virus; HEV IgM, immunoglobulin M antibodies
against hepatitis E virus; hHGF, human hepatocyte growth factor; HHV6 IgM, human herpes virus 6 immunoglobulin M; HSV IgM, herpes simplex
virus immunoglobulin M; Ht, hematocrit; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; IgM-HA Ab, immunoglobulin
M antibody to hepatitis A; IgM-HBc Ab, immunoglobulin M antibody to hepatitis B core antigen; INR, international normalized ratio; K, potassium;
LDH, lactate dehydrogenase; Na, natrium; NH3, ammonia; Parbo B19 IgM, parvovirus B19 immunoglobulin M; Plt., platelet counts; PT, prothrom-

bin time; RBC, red blood cell; T. Bil, total bilirubin; TC, total cholesterol; TP, total protein; WBC, white blood cell.

suggested that no hepatitis virus or nonhepatitis
viral infections or autoimmune hepatitis was
involved in her liver injury (Table 1). CT showed
a decreased liver volume (914 ml) and a relatively
diffuse hypodensity of the hepatic parenchyma.
These findings suggested the existence of mas-
sive liver necrosis. Furthermore, CT revealed sig-
nificant gallbladder wall thickening, mild pleural
effusion, and ascites.

Figure 1 shows the patient’s clinical course.
She was diagnosed as having hyperacute-type
ALF of unknown etiology based on the precoma
period of the disease and the initial examina-
tions. Starting on the first day of her transfer to
our hospital, artificial liver support therapy,
including hemodialysis filtration, continuous
hemodiafiltration, and high-volume plasma
exchange, had been administered for 9 days.
With these treatments, her consciousness gradu-
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ally improved, and she recovered completely 3
days after the beginning of artificial liver support
therapy. The changes in the SWV values during
the clinical course are shown in the lowest panel
of Figure 1. The ARF imaging was performed
every 4 to 6 days, commencing on admission. An
Acuson S2000 scanner with a 4.5-MHz convex-
type probe (Siemens Medical Solutions, Moun-
tain View, CA) was used. The region of interest
was set in the area 2 cm from the surface of liver
segment 5, through the intercostal space (Figure
2). The SWV was measured 10 times consecu-
tively. The mean SWV value excluding outliers
was regarded as the result of the liver stiffness
measurement. The SWV value was 3.4 = 0.2 m/s
on admission; it increased to 3.6 = 0.3 m/s on the
5th day after admission and improved on the
18th and 39th hospital days (2.3 = 0.2 m/s and
1.6 = 0.1 m/s, respectively). Regarding liver func-
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FIGURE 1. The patient’s clinical course. SWV, shear wave velocity; Vmax, maximal portal venous velocity; NH3, ammonia; PT, prothrombin time;
ALT, alanine transaminase; T.Bil, total bilirubin; AT-lll, antithrombin lll; PE, plasma exchange; HDF, hemodialysis filtration; CHDF, continuous

hemodiafiltration.

tion tests, the serum total bilirubin level
increased to 10.2 mg/dl on the third day after
admission and then gradually declined. Finally,
all of the liver function tests returned to their
normal ranges on the 35th day after admission.
The liver volume as recorded by CT volumetry
decreased to 832 ml on the 5th day after admis-
sion, but thereafter recovered to 1090 ml and
1140 ml on the 18th and 36th hospital days,
respectively (Figure 3A). The blood flow in the
right portal vein measured by pulsed Doppler
imaging was decreased to 7.4 cm/s on admission,
and then it increased to 16.4, 20, and 25.7 cm/s
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on the 8th, 22nd, and 36th days after admission,
respectively (Figure 3B). The patient underwent
an ultrasound-guided liver biopsy using a 14-G
biopsy needle on the 39th hospital day and was
discharged on the 44th hospital day. The biopsy
was performed on liver segment 5, on which the
ARFI had been performed. Figure 4 shows the
histopathological findings of the biopsy. The por-
tal region had lymphocytic infiltration (Figure
4A). The fibrotic areas extended radially from the
portal region toward the direction of the paren-
chyma, and some bridging fibrosis and pericellu-
lar fibrosis was observed (Figure 4B). Although
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these findings supported an underlying viral dis-
ease, the causal virus was not identified.

DISCUSSION

ARFI is a new technology that insonates tissues
with an acoustic push pulse and detects the

FIGURE 2, Acoustic radiation force impulse (ARFl) imaging on the
20th day of disease. The value of the shear wave velocity is 2.12 m/s.
Sonogram shows the placement of the region of interest (arrow) for
measurement of shear wave velocity at a depth of 2 cm from the sur-
face of liver in segment 5, through the intercostal space.

LV: 91dmit LV 8321

Admission Déy The 5th hospitalized day

Vmax 7.4 cmi/s Vmax 16 dcmfs

Admission Day The 8th hospitalized day

degree of deformation of the tissue, thereby ena-
bling real-time measurement of liver stiffness.®°
The advantage of ARFI technology over TE is
that measurements can be performed with soft-
ware integrated into a conventional ultrasound
machine. Thus, the elastography examination
can be done in the same session and with the
same machine used for the conventional ultra-
sound examination. Moreover, ARFI can be done
in patients with ascites, such as in this case,
because the region of interest can be set under
real-time ultrasound guidance, which is not pos-
sible with TE.

Liver elastography using US methods such as
TE and ARFT was first developed for the purpose
of determining the extent of the fibrosis in
chronic liver disease. Several reports have dem-
onstrated that the diagnostic accuracy of SWV
measurement using ARFI was comparable to
that obtained by TE in the prediction of severe fi-
brosis and cirrhosis.'®1%1%-15 However, there are
no reliable data regarding the clinical role of ARF
imaging in patients with ALF. The changes in
SWYV values of ARFI examinations demonstrated
in this case suggest the possibility that the SWV
value reflects the severity of liver tissue damage

LV: 10901 LV: 11407
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Vmax 20.0 cm/s Vmax 23.2 cmfs
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FIGURE 3. The changes in the liver volume and blood flow of the right portal vein during the clinical course. (A) The change in liver volume. The
liver volume measured by CT was 914 ml on admission day. Although the progression of liver atrophy was seen on the 5th day of disease, with a
volume of 832 ml, evidence of recovery was seen on the 18th and 36th days of disease, with volumes of 1090 and 1140 ml, respectively. (B)
Although the blood flow in the right portal vein was decreased to 7.4 cm/s on the day of admission, it later increased to 16.4, 20, and 25.7 cm/s on

the 8th, 22nd, and 36th days of disease, respectively.
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FIGURE 4. Histopathological findings of the liver biopsy performed on the 39th day of hospitalization. (A) Hematoxylin and eosin stain (x400).
The portal region shows lymphocytic infiltration. (B) Gomori's silver impregnation stain (x400) shows some bridging fibrosis and pericellular fi-

brosis.

in ALF, and therefore, can serve as a biomarker
of prognosis and of the necessity for liver trans-
plantation.

The mechanism by which acute hepatic injury
increases liver stiffness has not yet been eluci-
dated. Although liver fibrosis is known to be the
main factor underlying the increased liver stiff-
ness in chronic liver disease, other histopatholog-
ical changes were recently reported to be impli-
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cated in acute liver injury.>” The histopathologi-
cal features of ALF are extensive infiltration with
inflammatory lymphocytes, along with swelling
of hepatocytes and apoptosis without fibrosis.
The peak SWV value in the present case was 3.6
+ 0.8 m/s, which was substantially higher than
the mean SWV value of 2.3 = 1.1 m/s in patients
with liver cirrhosis type C found in our previous
report.’’ These findings suggest that inflamma-
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tory changes, other than fibrosis, play an impor-
tant role in the increase of liver stiffness in ALF.
The establishment of an early and noninvasive
method for predicting the prognosis of patients
with ALF is urgently needed for determining the
necessity for liver transplantation. Therefore,
further studies regarding the clinical value of
ARFI examination should be undertaken in
patients with acute liver injury, including ALF.
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Non-invasive Markers of Liver Fibrosis
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In recent years, many methods for non-invasive assessment of liver
fibrosis using imaging tests have been developed and implemented in
clinical applications. However, because some of these methods are
complicated or require expensive equipment, these methods are not
yet widely used around the world. It is considered that non-invasive
assessment of liver fibrosis provides significant advantages for
patients with chronic liver disease (CLD). We reviewed the
characteristics and the utility of non-invasive markers of liver fibrosis
in CLD, and particularly evaluated the validity, accuracy and flexibility
of acoustic radiation force impulse (ARFI) imaging.

The Clinical Impact of Assessment of

Liver Fibrosis

Generally, over the course of CLD, liver fibrosis gradually develops and
ultimately progresses to cirrhosis. However, because the progression of
liver fibrosis does not involve any subjective or objective symptoms,
there are occasionally cases that have already developed cirrhosis.
In chronic hepatitis C virus (HCV) the progression of liver fibrosis is
accompanied by an increase in the hepatic carcinogenesis rate.
Moreover, the sustained virological response to interferon therapy,
which is the only radical treatment method for CLD related to HCV,
decreases as fibrosis develops.? However, cases have been observed
in which fibrosis is improved as a result of virus removal, not only for
chronic hepatitis related to HCV but also for other CLD. These data
indicate that the diagnosis of liver fibrosis is very important for assessing
disease severity and determining therapeutic strategy.

Methods for Assessment of Liver Fibrosis
Among the means for measuring the grade of liver fibrosis, it has long
been the case that histological evaluation of the fibrosis using a liver

biopsy is the gold standard.® Hepatic tissue images obtained using a
liver biopsy are used to semi-quantitatively evaluate the grade of
inflammation and the stage of fibrosis. Previously, the histological
activity index proposed by Knodeil and revised by Ishak et al. was
used, but because this method is somewhat complicated, in recent
years, the METAVIR classification proposed by a French group and the
new Inuyama classification proposed by a Japanese group are used."
These classify fibrosis grades using five stages from 0 to 4, and are
simple and easy to use. However, there are several problems with
histological evaluations based on these liver biopsies. First, liver
biopsies involve a sampling error of approximately 25-40 %.” This is
because tissue obtained through a liver biopsy represents only part of
the entire liver, it does not necessarily reflect an overall image of the
liver. Furthermore, it has also been reported that the histological
diagnoses made by pathologists vary by around 20 %.® However, the
main reason why liver biopsy is avoided is because it is an invasive
procedure. Currently, most liver biopsies are performed using
ultrasonic guidance and are relatively safe, but there is a risk of
severe complications such as bleeding.’ Therefore, some patients are
unable to undergo this procedure easily, and based on considerations
of cost, it is not a procedure that can be performed frequently.

On this basis, attempts have been made to evaluate liver fibrosis
without performing a liver biopsy (see Table 7). Blood tests are simple
and easy to perform, and so various factors have been examined.
The factor that has the most impact and is easy to use is platelet
count (Pl).™® However, PIt varies greatly between patients and does
not necessarily provide an accurate reflection of liver fibrosis. Fibrosis
markers such as type IV collagen 7S, type Il procollagen peptide
and hyaluronic acid (HA) have been widely used, but reports have
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