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T376 HSCT patients enrolled from 2006 to 2011
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Figure 1 Flow of study participants.

HBYV core and precore promotor mutations were not de-
tected in all patients (Table 2).

ETV administration can prevent HBV flare and

reactivation following HSCT.

The median observation period was 12.5 months (range,
2-50 months). ETV 0.5 mg once daily p.o. was adminis-
tered as primary treatments for HBV infection. The ETV
dose was increased after HSCT with patient #4 due to ele-
vation of HBV viral load. Nevertheless all allogeneic-
HSCT recipients suffered from mucous membrane dis-
order, no patient discontinue ETV oral administration. #4
and #5 patients developed renal disorder due to toxoplas-
mosis and adverse event of FK506 respectively. The ETV
doses were reduced according to the kidney function in
these patients. ETV was well tolerated in all cases and no
patients discontinued ETV during the follow-up period
for severe adverse events. There was no adverse drug
interaction between ETV and other drugs. Median neutro-
phil engraftment time was 20 days (range 16-32 days) in
allogeneic HSCT patients (#2-5). No cytopenia due to
ETV treatment was observed in all patients. At the last
follow-up, three patients (#1, #2 and #4) had died and the

causes of mortality were aspergillus pneumonia, aggrava-
tion of underlying disease and toxoplasmosis, respectively.

In respect to immunosuppressive agent, two patients
(#4 and #5) received mPSL 2 mg/kg i.v. in divided dose
daily for acute GVHD in a short period. Patients #2 and
#3 suffered chronic GVHD and continued to receive sys-
temic steroid (mPSL 0.5 mg/kg and PSL 0.5 mg/kg iv.
in divided dose daily, respectively) and FK506 for the ob-
servation period. Patient #2 received a steroid pulse
(mPSL 1000 mg iv. in divided dose daily for 3 days)
against exacerbation of chronic GVHD. Nevertheless,
steroid treatment continued during GVHD in these pa-
tients and HBV DNA was not detected, indicating that
ETV effectively protected against HBV flare and reacti-
vation. In patients #3 and #4, MMF was also added for
steroid-refractory GVHD.

There were no episodes of HBV flare or reactivation
after HSCT in all patients during the observation period,
as a 10-fold rise in HBV DNA levels or positive conver-
sion of HBsAg were not observed. As shown in Figure 2,
although patient #3 showed a significantly high HBV
DNA level during the HSCT period, HBV flare was not
observed. Serum HBsAg was not detected in patient #3

Table 1 Characteristics of 5 HSCT recipients treated with Entecavir

Case Age Sex Disease Transplantation GVHD Steroid cGVHD Conditioning Observation Sstatus Cause of
(y) prophylaxis administration regimen period death
#1 64 F MM Autologous (=) No - Mel 2 M Dead MM
#2 55 F MDS-RAEB  Allogeneic FK+MTX Yes Yes BU +CY 9 M Dead  Aspergillus
Pneumonia
#3 24 F MDS- Allogeneic FK+ MTX Yes Yes BU+CY 50M Alive -
RCMD
# 58 F o AML Allogeneic CsA+MTX  Yes No BU+CY 4 M Dead  Toxoplasmosis
#5 63 F o T-LBL Allogeneic FK+ MTX Yes No Flu+ Mel + 16 M Alive -
TBI(4Gy)

Abbreviation: MM multiple myeloma, MDS myelodysplastic syndrome, RAEB refractory anemia with excessive blast, RCMD refractory cytopenia with multilineage
dysplasia, AML acute myeloid leukemia, T-LBL T lymphoblastic lymphoma, FK tacrolimus, CsA ciclosporin A, Mel melfalan, BU busuifan,

CY cyclophosphamide, T8/ total body irradiation, Flu fludarabine.
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Table 2 HBV markers of 5 HSCT recipients treated with Entecavir

Case Genotype HBsAg HBsAb HbcAb BCP/Precore Initial serum HBV DNA (xLog Copies/ml) Flare after HSCT
# ND - =) () ND 4 No
#2 C (+) (=) (+) ND Undetectable No
#3 B (+) (=) (+) wild type >7.6 No
#4 C () ) ) Wild type Undetectable No
#5 C () (-) (+) Wild type 74 No

Abbreviation: BPC basal core promoter, ND not determined.

at 18 months after the start of ETV. Subsequently, pa-
tient #3 showed reduction of HBV DNA to an undetect-
able leve] at the last follow-up.

Discussion and evaluation

A phase III trial reported that ETV has superior viro-
logical, histological and biochemical efficacy as an anti-
viral drug for HBV infection compared with LAM
(Chang et al. 2006). Furthermore, ETV showed a low re-
sistance rate compared with LAM (Tenney et al. 2009).
Recent case reports have described successful treatment
of HBV reactivation after HSCT with ETV (Christopeit
et al. 2010; Milazzo et al. 2011). Therefore, ETV is a

strong candidate as a substitute for LAM for HBV
prophylaxis in HSCT.

The present study has shown the safety and efficacy of
ETV treatment for protection against HBV flare after
HSCT. Similar to previous reports for liver transplant-
ation, (Fung et al. 2011) all the patients continued ETV
through to the last follow-up without any intolerable ad-
verse events. Intense immunosuppression during HSCT
owing to the conditioning regimen and GVHD prophy-
laxis is a serious risk for HBV flare and reactivation.
However, no HBV flare after HSCT was documented
during our observation period with ETV treatment. Al-
though blood count after HSCT is not stable, no cytope-
nia due to ETV was observed. Furthermore, no drug
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interaction with ETV was documented after HSCT. Our
study has demonstrated that ETV treatment is a promis-
ing candidate for HBV flare and reactivation prophylaxis
in HSCT, similar to the case for liver transplantation.

Seroclearance of HBsAg and HBV DNA was observed
with patient #3, despite a high HBV DNA level during
the HSCT period. The timing of the serum HBsAg clear-
anice was consistent with that in a liver transplantation
study (Fung et al. 2011). Of the 5 patients tested, HBsAb
was detectable with 1 patient (#3). The time of detection
of HBsAb was 6 weeks after HSCT. HBsAb with patient
#3 was detectable during the follow-up period. This
positive conversion of HBsAb might be associated with
HBsAg clearance (Fung et al. 2011).

All allogeneic HSCT patients showed serum ALT ele-
vation after HSCT. Almost all cases showed ALT eleva-
tion without HBV DNA elevation or positive conversion
of HBsAg, and we considered that these liver injuries
were caused by GVHD or drug-induced hepatotoxicity.
Serum ALT elevation and positive conversion of HBV
DNA were observed at the same time with patient #3 at
17 months after the HSCT period. However, chronic
GVHD symptoms, such as skin keratinization and oral
dryness, were exacerbated around the same time and
ALT decreased after systemic steroid and MMF adminis-
tration. Moreover, the positive reaction for HBV DNA
was transient and the presence of HBsAg conversely be-
came negative. Collectively, based on these findings, we
suggest that the ALT elevation might have been caused
by chronic GVHD.

There are some limitations in this study, since it was
retrospective and the number of patients was small. Half
of the patients died within 1 year after HSCT and their
observation periods were insufficient. In future, a large
prospective study of ETV prophylaxis in HSCT is
required.

Conclusions

In conclusion, our study showed that ETV monotherapy
may be effective and safe after HSCT for patients with
HBV. Our study will contribute to future clinical trials.
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Should we try antiviral therapy for hepatitis C virus
infection with pyoderma gangrenosume-like lesions?

See article in Hepatology Research 44: 238-245

lesions

Eradication of hepatitis C virus could improve immunological status and pyoderma gangrenosum-like

Yasuteru Kondo, Tomoaki Iwata, Takahiro Haga, Osamu Kimura, Masashi Ninomiya, Eiji Kakazu, Takayuki
Kogure, Tatsuki Morosawa, Setsuya Aiba and Tooru Shimosegawa

Pyoderma gangrenosum (PG) is a rare, ulcerative and
painful neutrophilic dermatosis without any infectious
signs. PG usually begins with pustules, red papules,
plaques or nodules that rapidly grow to ulcerations with
undetermined purple borders.! Five clinical variants
have been characterized: classic, bullous, pustular, veg-
etative and peristomal types. Although PG is idiopathic
in 25-50% of cases, approximately 50% of clinical cases
are associated with underlying systemic diseases such as
inflammatory bowel disease, rheumatological disease,
paraproteinemia, hematological malignancies, and HIV
and hepatitis virus infection.”? PG may be due to neutro-
philic dysfunction, autoinflammation, genetic factors
and/or inflammatory cytokines.> PG is diagnosed by
excluding other cutaneous ulcerative diseases by biopsy
and identification of clinical features, because PG has no
specific histopathological features. There is no gold stan-
dard for treatment of PG, therefore, therapy should
focus on the associated underlying systemic disease. In
addition to local wound management and pain control,
topical or systemic agents have been considered. For
mild and superficial lesions, topical agents (e.g. corti-
costeroids, tacrolimus and cyclosporin) are adminis-
trated. When more effective treatment is required,
corticosteroids and cyclosporin are considered as first-
line systemic agents. Recently, the use of tumor necrosis
factor (TNF)-a inhibitors for PG has emerged, and
infliximab is the only efficacious systemic agent.**
Hepatitis C virus (HCV) infection may present with
various cutaneous manifestations such as urticaria, pru-
ritus, cryoglobulinemia, erythema multiforme, granu-
loma annulare, porphyria cutanea tarda, vasculitis,
lichen planus, vitiligo, erythema nodosum, pityriasis
rubra pilaris and perniosis-like lesions.® PG is thought to
be an extrahepatic cutaneous manifestation of HCV

© 2014 The Japan Society of Hepatology

infection, although its frequency is low.” Only few cases
of PG associated with chronic hepatitis C have been
reported. Smith et al. reported the first case of chronic
hepatitis C and PG.® Several skin biopsies were per-
formed, but leukocytoclastic vasculitis in cutaneous
ulcerative lesions on the lower legs, with typical clinical
manifestations of PG, was not observed. Therefore, it
was suggested that the PG-like lesion was not associated
with mixed cryoglobulinemia (MC) because of the
absence of histological findings. Treatment with inter-
feron (IEN)-o-2a was started and the lesion improved
within 5 weeks. Keane et al. reported another case, in
which biopsies of ulcerative lesions in the lateral aspect
of the calf showed a dense mixed lymphocytic infiltra-
tion in the dermis and vasculitis in the erythematous
ulcer rim. Treatment with topical clobetasol and sys-
temic minocycline resulted in improvement within
several weeks, and there was no recurrence during
4 months of follow-up.’ Currently, no specific treatment
regimen for PG associated with chronic hepatitis C has
been established, because there are few case reports and
the pathogenic mechanism is still unknown.

In general, PG is also associated with the administra-
tion of drugs such as granulocyte colony-stimulating
factor,'’ antipsychotic agents and IFN-o.."! Indeed, IFN-o.
treatment has some well-known cutaneous side-effects
such as dry skin, hair loss and vitiligo.'>"* Furthermore,
cutaneous ulcerations, indurated erythema and leukocy-
toclastic vasculitis may occur at IFN-o injection sites.
The pathogenesis of local cutaneous reactions against
[FN-a. is still unknown. Several case reports have sug-
gested that PG results from IFN-a treatment during the
course of hematological malignancies. One case was
improved by treatment with cyclosporin A and pred-
nisone." In addition, serum levels of TNF-o, interleukin
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(IL)-6 and soluble IL-2 receptor increased when the
cutaneous lesions appeared and returned to normal
levels when the lesion healed. This indicated that the
onset of PG was required for elevated inflammatory
cytokine levels.'"" Furthermore, Yurci etal. reported
the first PG case resulting from pegylated (PEG)-IFN-
o-2a during the treatment of chronic hepatitis C.”
Four weeks after starting PEG-IFN-0-2a treatment,
cutaneous ulcerative lesions were clinically suspected
as PG appeared, and treatment was discontinued after
8 weeks. After withdrawal of PEG-IFN-o-2a, PG-like
lesions improved. Thus, PEG-IFN-¢-2a may trigger cuta-
neous side-effects because pegylation allows stable
serum levels of drugs.

Thus, the pathogenesis of PG with chronic hepatitis C
is still unclear, suggesting that PG related to chronic
hepatitis C is not associated with MC, but with other
immunological mechanisms. In a study reported in this
issue, Kondo et al. examined whether peripheral blood
mononuclear cells (PBMC), including activated B
cells, T-helper (Th)1 cells, Th2 cells, Th17 cells and
CD4*CD25"IL7R regulatory T cells (Treg) were involved
in PG disease activity.'® They demonstrated that Th17
cell numbers were markedly higher in patients with
chronic hepatitis C and PG compared with those
without extrahepatic immunological complications. In
addition, after clearance of HCV following IFN therapy,
the abnormal immunological status returned to normal
and the PG-like lesions recovered without immunosup-
pressive therapy. These findings suggest that Th17 cells
have an important role in the onset of PG, although it is
still unknown whether these cells are HCV specific. As
reported in this issue, HCV-infected CD4 T cells are
required for disease progression, suggesting that HCV-
specific Th17 cells are responsible for development of
PG.

Th17 immunity has been identified during HCV infec-
tion, and PBMCs from HCV antibody positive patients
secrete IL-17, IFN-y, IL-10, and transforming growth
factor (TGF)-B in response to stimulation with HCV
non-structural protein (NS)4. The authors suggested
that both HCV-specific Th1 and Th17 cells were sup-
pressed by NS4-induced production of the innate anti-
inflammatory cytokines, IL-10 and TGF-B."” This
suggests that HCV infection suppresses antigen-specific
Th17 cell functions and is responsible for induction of
persistent chronic infection.

Although it has not been demonstrated that PG-like
lesions are not associated with cryoglobulinemia,
Kondo et al. have suggested an alternative hypothesis in
which the pathogenesis of PG-like lesions with chronic

© 2014 The Japan Society of Hepatology
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hepatitis C is associated with Th17-related immunity. To
the best of our knowledge, this report is the first evi-
dence that the onset of PG is related to the number and
cytokine production of Th17 cells.

According to the study reported in this issue and other
recent reports, PG may be induced by IFN treatment as
well as HCV infection. Kondo et al. have demonstrated
that IEN treatment is more effective than immunosup-
pressants for the treatment of PG in the case of HCV
infection. Thus, when a case presents with HCV and PG
it may be useful to consider IFN treatment. The validity
of IFN for PG should be verified by accumulating a
greater number of clinical cases.

Kiminori Kimura

Hepatology Division, Tokyo Metropolitan Cancer and
Infectious Diseases Center Komagome Hospital,
Tokyo, Japan
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Abstract

actin-positive activated stellate cells.

fibrotic liver both in animal models and in patients.

Byproducts of cytokine activation are sometimes useful as surrogate biomarkers for monitoring cytokine generation
in patients. Transforming growth factor (TGF)-B plays a pivotal role in pathogenesis of hepatic fibrosis. TGF- is
produced as part of an inactive latent complex, in which the cytokine is trapped by its propeptide, the
latency-associated protein (LAP). Therefore, to exert its biological activity, TGF-3 must be released from the latent
complex. Several proteases activate latent TGF-3 by cutting LAP. We previously reported that Camostat Mesilate, a
broad spectrum protease inhibitor, which is especially potent at inhibiting plasma kallikrein (PLK), prevented liver
fibrosis in the porcine serum-induced liver fibrosis model in rats. We suggested that PLK may work as an activator
of latent TGF-$ during the pathogenesis of liver diseases in the animal models. However, it remained to be
elucidated whether this activation mechanism also functions in fibrotic liver in patients.

Here, we report that PLK cleaves LAP between R*® and L*° residues. We have produced monoclonal antibodies
against two degradation products of LAP (LAP-DP) by PLK, and we have used these specific antibodies to
immunostain LAP-DP in liver tissues from both fibrotic animals and patients.

The N-terminal side LAP-DP ending at R*® (R®® LAP-DP) was detected in liver tissues, while the C-terminal side
LAP-DP beginning at L>° (L>* LAP-DP) was not detectable. The R*® LAP-DP was seen mostly in a-smooth muscle

These data suggest for the first time that the occurrence of a PLK-dependent TGF-$ activation reaction in patients
and indicates that the LAP-DP may be useful as a surrogate marker reflecting PLK-dependent TGF-3 activation in

Keywords: Biomarker; Hepatic stellate cells; Liver fibrosis; Plasma kallikrein (PLK); TGF- activation

Background

Liver fibrosis is characterized as the pathological deposition
of excessive extracellular matrix (ECM), which finally
causes hepatic dysfunction (Bataller and Brenner 2005). A
key driver of fibrosis is the 25 kD homodimeric cytokine,
transforming growth factor (TGF)-p (Dooley and ten Dijke
2012). TGE-B is produced as a latent complex; therefore, an
essential step for controlling TGF-f activity is its acti-
vation, a process in which biologically active TGF-f is
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Technologies, 2-1 Hirosawa, Wako, Saitama 351-0918, Japan
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@ Springer

released from the latent complex (Figure 1a) (Dabovic
and Rifkin 2008).

TGE-P1 is produced as a 390 amino acid precursor
protein consisting of a signal peptide of 29 amino acids,
an N-terminal pro-region called latency-associated protein
(LAP), and a C-terminal region that becomes the active
TGF-B1 molecule, and each region dimerized through
S-S bonds. After processing by cleavage at R*’3-A*"° by
a furin-like protease, the LAP non-covalently binds the
mature TGF-B1, forming small latent complex (SLC)
and preventing active TGF-B1 from binding its cognate
receptors (Figure 1a). The active TGF-B1 and the LAP
homodimer are 25 kD and 75 kD, respectively. The
SLC is S-S bonded to another gene product, the latent

© 2014 Hara et al, licensee Springer. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http:/creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly credited.
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Figure 1 Determination of the LAP cleavage site produced during PLK-dependent TGF-§ activation. (a) Schematic depiction of latent
TGF-B1 activation by PLK. PLK cleaves LAP between R*® and L* residues, which may destroy the interaction between LAP and active TGF-B1
molecule, releasing active TGF-B1 from the latent complex. LLC; large latent complex, SLC; small latent complex, LTBP; latent TGF-f binding protein.
(b) The PLK cleavage site was determined by amino acid sequencing of LAP-DP isolated after SDS-PAGE. The amino acid sequences around the PLK
cleavage site are illustrated. Antibodies (Ab), which specifically recognize cutting edges of LAP-DPs, were produced. White "Y” represents R58 antibody

recognizing the N-terminal side R”® LAP-DP, whereas black “Y" represents L59 antibody recognizing the C-terminal side 1% LAP-DP,

TGE-B binding protein (LTBP), via C** residues, forming
the large latent complex (LLC). This complex can be se-
questered in the ECM (Figure 1a) (Breitkopf et al. 2001).
LTBP is a member of an ECM protein family, fibrillin
(Zilberberg et al. 2012).

Several molecules are known to activate TGF-B1 in
animal models. These include integrins (Nishimura 2009;
Henderson et al. 2013), thrombospondin (Ribeiro et al.
1999), and proteases, such as matrix metalloproteinases
(MMPs) (Yu and Stamenkovic 2000) and serine proteases
(Jenkins 2008). Lyons R.M. et al. first reported that plasmin
digests LAP and activates TGF-B1 in vitro (Lyons et al.
1990). Using a protease inhibitor, Camostat Mesilate, we
previously demonstrated that plasma kallikrein (PLK) is
involved in the TGF-P1 activation associated with liver
fibrosis and impaired liver regeneration in animal models
(Okuno et al. 2001; Akita et al. 2002). However, it remained
to be elucidated whether PLK-dependent TGF-B1 acti-
vation also occurs during the pathogenesis of liver fibrosis
in patients.

In this paper, we describe successful experiments
aimed at generating specific antibodies against the two
degradation products of LAP (LAP-DP) produced after
PLK digestion, and the use of these antibodies to stain
the LAP-DP in patient livers, thereby providing evidence
of PLK-dependent TGF-B1 activation in human hepatic
fibrosis. The results demonstrate the potential utility of
the LAP-DP as a surrogate marker for PLK-dependent
activation of TGF-B1 in the liver.

Results

Identification of LAP cleavage sites during proteolytic
activation of latent TGF-$1

PLK primarily cleaved recombinant human LAP f1
(rhLAP B1) between R®® and L°° residues (Figure 1b).
Further incubation resulted in cleavage between R**’and
A% residues.

Preparation of specific antibodies that recognize LAP

neo-epitopes formed by PLK during TGF-B1 activation

Based on the amino acid sequences of PLK cleavage site,
we prepared monoclonal antibodies that recognized the
neo-epitopes formed within LAP during PLK-dependent
TGEF-B1 activation (Figure 1). The antibodies against
the neo-C-terminal end of the PLK-cleaved N-terminal
side LAP-DP ending at R®® (referred as R*® LAP-DP) and
the neo-N-terminal end of the PLK-cleaved C-terminal side
LAP-DP beginning from L°° (referred as L°° LAP-DP)
were named R58 and L59 antibodies, respectively. Figure 2
shows Western blots using Glutathione-S-transferase (GST)
fused-recombinant human latent TGF-B1 (GST-rhLTGE-
B1) or rhLAP B1 (schematic structures are illustrated
in panel a) to examine the specificities of R58 and L59
antibodies. The R58 antibody recognized only GST-
fused R*® LAP-DP around 30 kD (panel b, lane 2), and
the L59 antibody recognized the 29 kD of L*° LAP-DP
(panel d, lane 2). However, both R58 and L59 antibodies
did not recognize uncleaved GST-rhLTGF-B1 and rhLAP
B1 (panels b and d, lane 1) that were detectable by the
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Figure 2 Specificity of R58 and L59 antibodies. (a) Schematic structure of a GST- rhLTGF-31 protein generated in bacteria and a commercial
rhLAP B1 generated in insect cells. The PLK cleavage site is indicated by arrowhead. (b-e) GST-LTGF-31/rhLAP B1was incubated with/without PLK
or PLN for 45 min at 37°C, and thereafter equal amounts of samples containing either 50 ng GST-rhLTGF-B1 or 500 ng rhLAP B1 were subjected
to each lane in SDS-PAGE under reducing conditions followed by Western blot analyses using R58/L59 antibodies (b, d, respectively). Membranes
used in panels b and d were reprobed with monoclonal {c) or polyclonal (e) anti-LAP antibodies. Lanes 1, intact GST-rhLTGF-31 or rhLAP-31; lanes 2,
PLK digested GST-rhLTGF-31 or rhLAP-B1; lanes 3, PLK; lane 4, PLN digested GST-rhLTGF-31 or rhLAP-B1; fane 5, PLN. Representative results from three
independent experiments with a similar result are shown.
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monoclonal anti-LAP antibody recognizing N-terminal
side LAP-DP (panel ¢} or the polyclonal anti-LAP antibody
recognizing C-terminal side LAP-DP (panel e). Moreover,
neither R58 nor L59 antibodies detected LAP-DPs gen-
erated by plasmin (PLN) digestion (panels b and d, lane 4)
These data demonstrated that the anti-LAP antibodies
recognize both LAP and PLK-cleaved LAP-DP, while
the R58 and L59 antibodies specifically recognize only
the respective LAP-DP. There are three isoforms of
pro-TGE-Bs. Amino acid sequences between E*” and
L% residues in LAP are identical between TGF-B1 and
TGF-B3 (Additional file 1: Figure S1). Hence, we checked
whether R58 antibody can recognize TGF-f3 LAP-DP as
well as TGF-B1 LAP. As shown in Additional file 2: Figure
S2, R58 antibody recognized PLK-digested TGF-B1 and B3
LAP peptide, but not non-digested and PLN-digested TGF-
B1 and B3 LAP peptides (upper and lower lane, respectively)
nor TGF-B2 LAP peptide, which does not have P1 site R
residue, irrespective of PLK or PLN digestion (middle lane).
These data suggested that R58 and L59 antibodies are
promising tools to monitor cleavage of LAP by PLK, in
other words, both R*® and L*° LAP-DPs can be footprints
of PLK-dependent TGF-P1 as well as TGF-p3 activation.

Immunohistochemistry of murine fibrotic liver using
R58 antibodies

Because LAP may be S-S bonded to LTBP present in the
ECM, we expected that the R*® LAP-DP would remain
within fibrotic tissues after cleavage of LAP by PLK. We
tested this possibility in fibrotic livers from the carbon
tetrachloride (CCly)-treated mice and bile duct ligated
(BDL)-mice using R58 antibody. As shown in Figure 3, at
12 weeks after initiating CCl, treatment, CCly-treated mice
displayed hepatocellular injury around the lobes (panel a)
and bridging fibrosis from central veins to portal areas
(panel b). The R®® LAP-DP was detectable and increased
in CCly-treated mice (panel c), especially along fibrotic
areas in CCly-treated mice compared with olive oil treated
control mice. Positive area rates were increased 5-folds as
written underneath panels ¢ and f. Small positive spots seen
in the control section were non-specific staining of mostly
erythrocytes (panel f). Similar results were obtained
from BDL mice (Figure 4). BDL mice often exhibited
granulomatous lesions (panel a), in which fibroblastic
cells infiltrated and started ECM production (panel b).
The R®® LAP-DP was detected in granulomatous lesions
prior to Sirius red positivity, namely before collagen
accumulation (arrowheads in panel c). Positive areas
were increased 3-folds as written underneath panels c
and f. Signals from R>® LAP-DP was absorbed by pre-
incubation of R58 antibody with antigen-peptides,
and non-immune mouse IgG failed to yield a signal
(Figure 5a-c), indicating that the signals were specific to
R°® LAP-DP. We were unable to stain the L°° LAP-DP
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with L59 antibody although various antigen unmasking
procedures were treated (Figure 5d). In, Figure 6, non-
parenchymal regions were recognized by antibody R58
(red arrowheads in upper panels), and mostly overlapped
with a-smooth muscle actin (aSMA)-positive activated
hepatic stellate cells (HSCs) (red arrowheads in second
row panels), but not with CD31-positive liver sinusoidal
endothelial cells (third row panels) nor with F4/80-positive
Kupffer cells (hepatic macrophages) (lower panels).
Activated HSCs in the fibrotic liver were stained strongly
with anti-pSmad3C antibody compared to olive oil-treated
control mice (arrowheads in Figure 7, left panel), suggesting
that TGF-f signaling was provoked. These data suggest
that PLK-dependent TGF-B1/3 activation was induced
in murine liver fibrosis models and that R*® LAP-DP,
but not L°? LAP-DP, can be a footprint of the generation
of active TGF-P1/3 in liver tissue.

Immunohistochemistry of fibrotic liver tissues from
patients using R58 antibody

Finally, we evaluated human liver sections with the R58
antibody to determine if PLK-dependent TGF-31/3 activa-
tion occurs in clinical liver diseases. Fibrotic liver tissues
from patients with viral hepatitis categorized as A1F2
and A2F2 were stained robustly with the R58 antibody
(Figure 8a). As with animal models, no signals could be
detected by L59 antibody (Figure 8b). In peri-sinusoidal
and fibrotic regions around the hepatic lobes, R°® LAP-DP
was present in non-parenchymal cells, mainly in aSMA-
positive HSC (arrows in Figure 8c). R58 signals could be
detected along fibrous septa, implying that R°® LAP-DP
accumulated within the ECM upon TGF-B1/3 activation.
A similar staining with the R58 antibody was observed
in patients with non-viral hepatitis, such as autoimmune
hepatitis (AIH) and non-alcoholic steatohepatitis (NASH)
(Figure 8d). These data clearly indicated that PLK-dependent
TGF-P1/3 activation is induced during the pathogenesis
of liver fibrosis in patients with a range of liver diseases,
and that PLK-cleaved R*®* LAP-DP might serve as a novel
surrogate biomarker of TGF-f1/3 activation and its asso-
ciated fibrosis in patients.

Discussion

An important step to control biological activity of
TGF-p is its activation referred as “TGF-p activation.”
Proteolytic activation of latent TGF-B1 was first de-
scribed in 1988 (Lyons et al. 1988) and was demon-
strated in hepatic stellate cells during the pathogenesis
of liver fibrosis and/or impaired liver regeneration in
animal models (Okuno et al. 2001; Akita et al. 2002).
Although we described PLK-dependent TGF-§ activa-
tion in rodent models of the liver diseases, it remained
to be elucidated whether this mechanism is also effective
in patients.
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Figure 3 Immunohistochemistry of R*® LAP-DP in fibrotic liver tissues in CCl,-treated mice using R58 antibody. Liver tissues from
CCl,-treated and control (olive oil administrated) mice were stained by HE (a, d) and Sirius Red (b, €), and then immunostained with R58
antibody (¢, f). Scale bar =50 um. The percentage of fibrotic regions and R58 positive areas were calculated from three fields each from five
sections (5 mice) (total 15 fields) and described as average + SE under the corresponding panels. A total of 16 mice were evaluated and
representative results are shown.

Here, we have identified PLK cleavage site within the
LAP of latent TGF-B1, and have generated antibodies
that specifically recognize the neo C- and N-termini of
LAP-DPs (R58 and L59 antibodies, respectively) (Figure 1).
These antibodies may be powerful tools to detect the
footprints of latent TGF-P1 activation. Notably, we suc-
cessfully used the antibodies to detect LAP-DP generated

during TGF-B1 activation in human samples. For the first
time, we demonstrated that the PLK-dependent activa-
tion of latent TGF-P1 is associated with human hepatic
diseases with the use of the R58 antibody. This tech-
nique can be generally applied to measure activation of
other cytokines, in which by-products corresponding
to the LAP-DP are generated.

BDL

Sham

Sirius red R58

L1l 1

3405

Figure 4 Immunohistochemistry of R*® LAP-DP in fibrotic liver tissues in BDL mice using R58 antibody. Liver tissues from BDL and
sham-operated mice were stained by HE (a, d) and Sirius Red (b, e), and then immunostained with R58 antibody (c, f). Scale bar =50 um. The
percentage of fibrotic regions and R58 positive areas were calculated from three fields each from five sections (5 mice) (total 15 fields) and
described as average + SE under the corresponding panels. A total of 16 mice were evaluated and representative results are shown.
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Nonimmune IgG

result from three independent experiments.

Figure 5 Control experiments for immunostaining with R58 and L59 antibodies. Serial liver sections of from CCl,-treated mice at 12 weeks
were stained with R58 antibody (1 ug/ml) (a), R58 antibody (1 pug/ml) that had been pre-incubated with 10 ug/ml R58 antigen peptide (b), the
same concentration of nonimmune mouse IgG (c), and L59 antibody (1 pg/ml) (d). Scale bars = 25 pm. This picture shows the representative

Peptide Blocking

L59

S

The primary cleavage site of LAP by PLK was between
R*®-L° (Figure 1b). Interestingly, the PLK cleavage site
is proximal with the putative binding site for thrombos-
pondin (L°*SKL*’) (Ribeiro et al. 1999). This suggests
that the region containing L>*SKLRL"® is important for
maintaining TGF-B1 latency. Consistent with this idea, it
was recently revealed that the active TGF-f1 molecule is
associated with this region based both on mutational
analysis (Walton et al. 2010) and the crystal structure of
porcine latent TGF-B1 (Shi et al. 2011). Specifically, this
sequence is located near the C-terminal end of al helix of
LAP and hydrophobic residues containing L**, L*7, and
L*°, which are present along the inner face of the al helix,
interact with W3%/W?!° and with aliphatic side chains of
active TGF-P1. The al helix is predicted to play a role of a
‘straitjacket’ for active TGF-B1 (Walton et al. 2010). The K¢
fastens the C-terminal end of the al helix in cooperation
with Y7*-A7%, and moreover associates S** via hydrogen
bonding (Shi et al. 2011). The P1 site amino acids (R*®) are
located on the outer face of LAP, so PLK cleavage site
should be highly accessible. Proteolytic cleavage within
this region is likely to cause a conformational change
of the LAP, resulting in a loss of its association with
the active TGF-B1 molecule and release of active TGF-f1
molecule from the latent complex.

In Figure 2, we made monoclonal antibodies against
both N- and C-terminal side LAP-DP (R°®/L*° LAP-DP)
and checked their reaction specificities by western blotting.

R58/L59 antibodies detected neither uncleaved LAP nor
PLN-cleaved LAP-DP, and specifically recognized only PLK-
cleaved LAP-DP, whereas anti-LAP antibodies recognized
both uncleaved and PLK-cleaved LAP-DP. In Figure 2c,
lane 4, we failed to detect N-terminal side LAP-DP made
by PLN digestion with monoclonal anti-LAP antibody that
nicely detected N-terminal side LAP-DP made by PLK di-
gestion. We speculate that the epitope recognized by this
anti-LAP antibody would be lost by PLN digestion.

Three isoforms of proTGF-p (f1-3) have been char-
acterized (Massague 1990), and LAP domains of differ-
ent isoforms share 28-45% identity. TGF-B2 LAP does
not have the sequences cleaved by PLK, whereas TGF-p3
LAP has the same sequences as TGF-f1 LAP. Our results
indicated that PLK can cleave TGF-$3 LAP, and that their
degradation products were detectable by R58 antibody.
Because TGF-3 expression is reported to be very weak in
the liver (De Bleser et al. 1997), we think it is likely that the
R*® LAP-DP we detected is derived mainly from TGF-B1
LAP, but partly from TGF-33 LAP.

We also successfully detected PLK-cleaved R*® LAP-DP
using the R58 antibody in fibrotic mice, suggesting that
PLK dependent TGF-B1/3 activation was at least involved
in murine hepatic fibrosis and that PLK-cleaved LAP-DP
might be a marker for liver fibrosis. Our previous study
demonstrated that PLN also plays an important role in liver
fibrosis in the rat porcine serum model (Okuno et al. 2001),
therefore we are now using the same strategy to produce
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Figure 6 Identification of R58 positive cells in CCl,-treated mice liver sections. Paraffin serial sections were immunostained with, R58
(upper panels), anti-aSMA (second row panels), anti-CD31 (third row panels), and anti-F4/80 (lower panels) antibodies. R58 positive signals were
compared with aSMA, CD31, or F4/80 signals in same areas of each sections. The red arrowheads (R58 and aSMA panels) represent respectively
both R58 and aSMA positive cells along with fibrotic septa. Scale bar =50 pm.

antibodies that recognize PLN-cleaved LAP-DP. Similar
to murine models, R°® LAP-DP was observed in patients
suffering from hepatic diseases. Fibrous septa were obvi-
ously stained by the R58 antibody, indicating that R>®
LAP-DP was generated at the site of the TGF-B1/3 activa-
tion and remained there. The intensity of R58 signals did
not correlate with the severity of hepatic inflammation and
fibrosis, so future studies will assess what drives increased
R58 expression in vivo.

In contrast to the R58 antibody, we obtained essentially
no positive signals with L59 antibody staining in both
rodent and human samples. This suggests that C-terminal
side L°° LAP-DP might be released after proteolytic di-
gestion. Recently, we established an ELISA using the
L59 antibody and successfully detected PLK-cleaved
L%° LAP-DP generated in in vitro reactions. Currently,

we are examining if we can detect L>* LAP-DP in plasma
from animal models and patients, and if so, what is the
clinical relevance of these values in liver diseases.

Integrins are known to activate TGF-f1, and it is reported
that several subtypes of integrin, for example, a6, are
related to hepatic fibrosis in both animal models and
patients (Patsenker et al. 2008; Henderson and Sheppard
2013; Allison 2012). Because integrins, which are anchored
to the cell membrane, stretch the LAP by interacting
via the RGD motifs to release active TGF-f1, the LAP
DP is not produced (Wipff et al. 2007). Therefore com-
pared to integrins, PLK-cleaved R®® LAP-DP will serve
as a more direct biomarker for TGF-P1 activation and
following liver fibrosis.

Du X et al. showed that MMP-2 is related to renal fibrosis
(Du et al. 2012). Several MMPs are also known to activate
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Figure 7 Detection of phosphorylated Smad3C in activated HSCs in CCl,-treated mice liver sections. Phosphorylation and nuclear
translocation of Smad3C in activated HSCs were examined by immunofluorescent double staining with anti-pSmad3C (red) and anti-aSMA (green)
antibodies. Nuclei of the cells were identified by Hoechst 33258 staining (blue). The pSmad3C positive-activated HSCs were seen only in
CCls-treated mice. Scale bar =50 pm.

a CH(B) patient (A1F2) CH(C) patient (A2F2)

aSMA R58

Q.

AlH patient

Figure 8 Immunostaining of biopsied human liver tissues. (a, d) Liver biopsy samples from four patients (chronic hepatitis B and C virus
infection [CH (B) and (C), respectively], AlH with severe fibrosis, and NASH. The hepatitis activity grade and fibrosis score are described in the
upper corresponding micrograms. (b) Serial sections from CH(C) patient were stained with R58 and L59 antibodies. (c) Liver specimens from
another CH(B) patient were stained with anti-aSMA, R58 antibodies. aSMA and R58 signal positive cells lined up along fibrous septa (yellow arrows).
Scale bars =50 um.




CHBRFRVAINACERT DFREEICH T PR DAREORREICET 2%

109

Hara et al. SpringerPlus 2014, 3:221
http://www.springerplus.com/content/3/1/221

latent TGF-B1 (Yu and Stamenkovic 2000), although their
cleavage sites within LAP have not been determined.
Therefore, we are expanding our current method to de-
tect MMP-mediated TGF-B1 activation in the kidney.

Conclusions

In summary, we demonstrate here 1) PLK cleaves LAP be-
tween R58 and L59 residues, 2) PLK-dependent TGF-p acti-
vation occurs in human hepatic fibrosis, and 3) PLK-cleaved
LAP-DP is the potential surrogate marker for proteolytic
TGEF-B1/3 activation and in turn fibrogenesis in the liver.

Methods

Materials

Recombinant human TGF-B1 LAP (thLAP 1) and both
monoclonal and polyclonal anti-human LAP (1 antibodies
(MAB246 and AF246, respectively) were purchased from
R&D Systems (Minneapolis, MN). Human PLK was from
CalBiochem (San Diego, CA). Anti-aSMA antibody were
purchased from DAKO (Glostrup, DK). Anti-CD31 anti-
body was from dianova GmbH (Hamburg, DE). Anti-F4/
80 antibody was from AbD serotec, LLC (Oxford, UK).
Anti-pSmad3C polyclonal antibody was a kind gift from
Dr. Matsuzaki (Kansai Med. Univ., Japan). GST-thLTGF-1
protein was prepared as described follows. A plasmid
encoding GST-rhLTGF-B1 was constructed by insert-
ing a human TGF-B1 ¢cDNA into the pGEX-6P-1 vector
(GE Healthcare, Buckinghamshire, UK), and protein
expressed in E. coli. BL21 (Stratagene, La Jolla, CA) and
purified using Glutathione Sepharose (GE Healthcare).

Determination of the cleavage sites within LAP by PLK
To identify the cleavage site in LAP during latent
TGE-B1 activation by PLK, rhLAP Bl was incubated
with PLK. After digestion, the resultant fragments were
separated by SDS-polyacrylamide gel electrophoresis,
and the N-terminal sequence of each LAP-DP was deter-
mined using a pulsed liquid protein sequencer Precise
494cLC (Hayashi et al. 2008).

Preparation of R58 and L59 monoclonal antibodies against

neo C- and N-termini of LAP-DPs generated by PLK

Murine R58 and L59 monoclonal antibodies were generated
against an 8 amino acid peptide, ending at R*® and plus
a CG linker sequence at its N-terminus [CGGQILSKLR
(Figure 1b)] and an 11 amino acid peptide, beginning from
L* and plus a GGC linker sequence [LASPPSQGEVPGGC
(Figure 1b)]. BALB/c mice purchased from Charles River
Laboratories Japan, Inc. (Kanagawa, Japan) were immunized
with 50 pg of the antigen peptides. Once an appropriate
titer had been achieved, fusion was performed using a
protocol adapted from Lane et l. (Lane et al. 1986). Posi-
tive clones, which reacted to the BSA-conjugated antigen
peptide, but not to the terminus-modified antigen peptide
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(the C-termini were amidated for R58 antibody, while the
N termini were acetylated for L59 antibody production),
were selected. The antibodies were purified through the
Protein G column (GE Healthcare).

SDS-PAGE and Western blot analysis

GST-rhLTGF-B1 as well as thLAP B1 were digested by co-
incubation with PLK or PLK at 37°C for 45 min. Thereafter,
equal amounts of samples containing either 50 ng of GST-
rhETGF-B1 or 500 ng of rhLAP B1 were subjected to each
lane in SDS-PAGE under reducing conditions, followed by
transfer onto PVDF membrane (Millipore, Bedford, MA).
Western blot analyses were performed using either monoclo-
nal R58 and L59 antibodies (2 pg/ml) plus HRP-conjugated
anti-mouse antibodies (1:5,000) (Jackson Immuno Research
Laboratories, Inc., West Grove, PA) and reprobed either with
monoclonal or polyclonal anti-LAP antibodies. The bands
were visualized by a Western Blotting Substrate Plus
purchased from Thermo Scientific (Rockford, IL).

Animal models

Male C57BL/6 mice were purchased from Japan SLC Inc.
(Shizuoka, Japan). All animals were maintained on a 12 hour
light/12 hour dark cycle. Food and water were available
ad libitum. All animal experiments were performed in
accordance with protocols approved by the RIKEN
Institutional Animal Use and Care Administrative Advisory
Committee. For the CCly-induced liver fibrosis model, mice
were injected intramuscularly with 50% CCl, (CCly: olive
oil = 1:1, 2 ml/kg) twice a week for 12 weeks. Control ani-
mals were injected with the same volume of olive oil. Mice
were sacrificed one week after the last CCly injection. For
the BDL model, ligation of the common bile duct was
performed according to Arias et al. (Arias et al. 2003).
Sham-operated mice were treated in the same manner
except that the bile duct was not ligated. The animals
were sacrificed at 14 days after operation.

Patient samples
The study was performed in accordance with the Declar-
ation of Helsinki and was approved by the Ethics Committee
for Biomedical Research of the Jikei University School of
Medicine and RIKEN Institute Research Ethics Committee.
All patients had signed a written informed consent prior to
study. Liver biopsy samples were taken from patients suf-
fering with cirrhotic liver diseases due to infection with
types B and/or C hepatitis virus, AIH and NASH.

The stage of fibrosis and the grade of inflammatory
activity were classified according to the METAVIR score
(Bedossa and Poynard 1996).

Staining of liver tissue sections
Animal tissue specimens were fixed in 4% paraformal-
dehyde, and human biopsied samples were fixed in 10%
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neutral buffered formalin. They were all embedded in paraf-
fin. Sections (4 pm thickness) were stained by Hematoxylin
and Eosin (HE), as well as 0.1% picro-sirius red solution for
diagnostic purposes. For immunostaining of the LAP-DP,
antigens were retrieved by microwave in citrate buffer
(pH 6), and thereafter sections were incubated in 0.3%
H,0O,/methanol for 30 min to block endogenous perox-
idases, followed by incubation in phosphate buffered
saline with 0.1% Tween 20 (PBST) containing 5% skim
milk for 30 min to prevent nonspecific binding. Serial
sections were then incubated with R58 (1 pg/ml) or
L59 (1 pg/ml) overnight at 4°C. As negative controls,
slides were incubated with nonimmune IgG under the
same conditions. EnVision/HRP (DAKO) was used as
the second antibody. Serial sections were also immuno-
stained with anti-aSMA (diluted with 1:100, an activated
HSC marker), anti-CD31 (5 pg/ml, a liver sinusoidal endo-
thelial cell marker), and anti-F4/80 (5 pg/ml, a Kupffer cell
marker) antibodies. The sections were counterstained with
Hematoxylin. Fibrosis was detected using Sirius red as pre-
viously described (Junqueira et al. 1979). Both fibrotic areas
and R58 positive areas were measured in each of three
fields of five independent sections by WinROOF image
analysis software.

Immunofluorescent staining

Four pm of liver sections were deparaffinized and heated to
121°C in citrate buffer (pH6) by an autoclave for 10 min for
antigen retrieval. After blocking with 3% BSA/10% normal
goat serum/0.1 M glycine/PBST for 30 min, the sections
were incubated with both anti-pSmad3C (2 pg/ml) and
anti-aSMA (1:100) antibodies overnight at 4°C, followed by
incubation with both Alexa Fluor 488 anti-rabbit IgG and
Alexa Fluor 555 anti-mouse IgG (1:1000; red; Life Tech-
nologies, Carlsbad, CA) for 2 hours at room temperature.
Thereafter, the sections were incubated with Hoechst
33258 (1:5000, DOJINDO Laboratories, Kumamoto, Japan)
for 10 min at room temperature, and were mounted with
Fluoromount (Diagnostic BioSystems, Pleasanton, CA).
Image data were acquired on a Zeiss LSM 700 laser scan-
ning confocal microscopy.

Statistical analysis

Quantitative data are shown as mean * SE. The two-sample
Wilcoxon rank-sum test was employed to evaluate differ-
ence between two groups. A p-value < 0.01 was considered
as statistically significant.

Additional files

Additional file 1: Figure $1. Sequence alignment of three
pro-TGF-B isoforms.

Additional file 2: Figure S2. Isoform specificity of R58 antibody.
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Hosoya S, Ikejima K, Takeda K, Arai K, Ishikawa S, Yamagata
H, Aoyama T, Kon K, Yamashina S, Watanabe S. Innate immune
responses involving natural killer and natural killer T cells promote
liver regeneration after partial hepatectomy in mice. Am J Physiol
Gastrointest Liver Physiol 304: G293-G299, 2013. First published
October 18, 2012; doi:10.1152/ajpgi.00083.2012.—To clarify the
roles of innate immune cells in liver regeneration, here, we investi-
gated the alteration in regenerative responses after partial hepatec-
tomy (PH) under selective depletion of natural killer (NK) and/or
NKT cells. Male, wild-type (WT; C57B1/6), and CD1d-knockout
(KO) mice were injected with anti-NK1.1 or anti-asialo ganglio-N-
tetraosylceramide (GM1) antibody and then underwent the 70% PH.
Regenerative responses after PH were evaluated, and hepatic expres-
sion levels of cytokines and growth factors were measured by real-
time RT-PCR and ELISA. Phosphorylation of STAT3 was detected
by Western blotting. Depletion of both NK and NKT cells with an
anti-NK1.1 antibody in WT mice caused drastic decreases in bro-
modeoxyuridine uptake, expression of proliferating cell nuclear anti-
gen, and cyclin D1, 48 h after PH. In mice given NK1.1 antibody,
increases in hepatic TNF-a, IL-6/phospho-STAT3, and hepatocyte
growth factor (HGF) levels following PH were also blunted signifi-
cantly, whereas IFN-y mRNA levels were not different. CD1d-KO
mice per se showed normal liver regeneration; however, pretreatment
with an antiasialo GM1 antibody to CD1d-KO mice, resulting in
depletion of both NK and NKT cells, also blunted regenerative
responses. Collectively, these observations clearly indicated that de-
pletion of both NK and NKT cells by two different ways results in
impaired liver regeneration. NK and NKT cells most likely upregulate
TNF-a, IL-6/STAT3, and HGF in a coordinate fashion, thus promot-
ing normal regenerative responses in the liver.

innate immunity; TNF-a; IL-6; STAT3; hepatocyte growth factor

LINES OF EVIDENCE HAVE SUGGESTED that alteration in the innate
immune system is involved in a variety of pathophysiological
conditions in the liver (24). It is well known that the liver
contains a variety of immune cells, with a considerable pro-
portion of natural killer (NK) and NKT cell fractions (6). NK
cells are defined as large, granular lymphocytes that exert
cytotoxic activity against tumors and viral-infected cells
through the perforin and granzyme systems (27). NK cells
preferentially reside in the hepatic sinusoid, and these liver-
specific NK cells are called Pit cells (31). On the other hand,
NKT cells are a heterogeneous subset of lymphocytes express-
ing both NK and T cell surface markers (8, 14). NKT cells
recognize a glycolipid antigen presented by CD1d, one of the
major histocompatibility complex molecules, on antigen-pre-
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senting cells, such as dendritic cells and macrophages (3, 8).
Several studies suggested that NKT cells modulate hepatic
inflammation and fibrogenesis (7, 12, 21, 23, 25); however, the
precise role of these cells in liver pathophysiology is still
controversial.

Liver regeneration is one of the significant natures of this
important organ. The normal liver is capable of regenerating
when injured by various pathogens and mechanical damages
(20, 29). The mechanism underlying this process has been
studied from various aspects; however, it still remains unclear.
Recent lines of evidence indicated that innate immune re-
sponses play a key role in the trigger and promotion of the
regenerating process (5). For example, pattern-recognition re-
ceptors, such as Toll-like receptors, and downstream signaling
involved in production of cytokines from hepatic macrophages
(Kupffer cells) are quite important in liver regeneration (11,
26). However, the role of other types of innate immune cells,
such as NK and NKT cells, in liver regeneration has not been
fully elucidated. A recent report indicated that NK cells neg-
atively regulate liver regeneration through production of IFN-y
(28). The role of NKT cells in liver regeneration is more
obscure; poor regeneration in steatotic liver in ob/ob mice has
been reported (16, 32), where hepatic NKT cells are depleted
(17). Similarly, we have shown recently that KK-AY mice,
which develop a metabolic, syndrome-like phenotype sponta-
neously, demonstrate poor regeneration following 70% partial
hepatectomy (PH) (2), where hepatic NKT cells are also
depleted. Furthermore, activation of NKT cells triggered by a
specific ligand a-galactosylceramide has been shown to accel-
erate liver regeneration after PH (22). These observations
suggested that NKT cells promote the regeneration process;
however, mice lacking NKT cells caused by genetic knockout
(KO) of CD1d have been shown to demonstrate almost normal
liver regeneration after PH (28).

In the present study, we therefore investigated the role of
hepatic NK and NKT cells in liver regeneration following PH
using mice lacking NK and/or NKT cells generated by a
combination of KO animals and selective depletion of these
cells by specific antibodies.

MATERIALS AND METHODS

Animal experiments. Male, wild-type (WT) C57BY/6 mice, 7 wk
after birth, were obtained from CLEA Japan (Tokyo, Japan). A colony
of CD1d-KO mice raised from the C57Bl/6 strain (a generous gift
from the Department of Immunology, Juntendo University of Medi-
cine, Tokyo, Japan) was maintained in the animal facility in our
institution—TJuntendo University Graduate School of Medicine (9,
19). All animals received humane care in compliance with the exper-
imental protocol approved by the Committee of Laboratory Animals,
according to institutional guidelines. Mice were housed in air-condi-

G293
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tioned, specific pathogen-free animal quarters with lighting from 0800
to 2000 and were given unrestricted access to standard lab chow and
water for 1 wk prior to experiments. After overnight fasting, 70% PH
was performed in the mice, according to the Higgins and Anderson
method (10). Some mice were given a single intraperitoneal injection
of a mouse anti-NK1.1 MAb (PK136; 150 pg/body; provided by the
Department of Immunology, Juntendo University School of Medi-
cine) or an anti-asialo ganglio-N-tetraosylceramide (GM1) antibody
(200 pg/body; provided by the Department of Immunology, Juntendo
University School of Medicine), 24 h prior to operation. For the
extended time course over 72 h following PH, mice were given the
second injection of antibodies at 48 h after PH. Mice were killed by
exsanguination from inferior vena cava, and serum and liver samples
were obtained. Some mice were pulse labeled with a single intraperi-
toneal injection of bromodeoxyuridine (BrdU; Sigma Chemical,
St. Louis, MO; 50 mg/kg in PBS), 2 h prior to death, and liver
specimens were fixed in buffered formalin for immunohistochemistry.
Serum and liver samples were kept frozen at —80°C until assayed.

Immunohistochemistry. For immunohistochemistry, formalin-fixed
and paraffin-embedded tissue sections were deparaffinized and incu-
bated with 3% H,O; for 10 min. To examine BrdU incorporation to
hepatocyte nuclei, tissue sections were incubated with 2 N HCI for
30 min. After blocking with normal horse serum for 60 min, tissue
sections were incubated with a mouse anti-BrdU MAb (Dako-
Cytomation Norden A/S, Glostrup, Denmark). After rinsing the pri-
mary antibody, the sections were incubated with secondary biotinyl-
ated antimouse IgG antibody, and specific binding was visualized with
avidin-biotin complex solution, followed by incubation with a 3,3-
diaminobenzidine tetrahydrochloride solution using the Vectastain
Elite ABC kit (Vector Laboratories, Burlingame, CA). BrdU-positive
hepatocytes were counted in five 100X fields on each slide to
determine the average number BrdU-labeling index (BrdU-positive
hepatocytes/total hepatocytes). Expression of proliferating cell nu-
clear antigen (PCNA) in hepatocytes was evaluated similarly by
immunohistochemistry as described previously elsewhere (1). Speci-
mens were observed and photographed using a microscope equipped
with a digital imaging system (Leica DM 2000; Leica Microsystems
GmbH, Germany).

Western blot analysis. Whole liver protein extracts were prepared
by homogenizing frozen tissue in a buffer containing 50 mM Tris-HCl
(pH 8.0), 150 mM NaCl, 1 mM EDTA, 1% Triton X-100, protease
inhibitors (cOmplete, mini protease inhibitor cocktail tablets; Roche
Diagnostics, Mannheim, Germany), and a phosphatase inhibitor
NazVO4 (50 pM; Sigma Chemical), followed by centrifugation at
15,000 rpm for 10 min. Protein concentration was determined by
Bradford assay using the Bio-Rad protein assay kit (Bio-Rad Labo-
ratories, Hercules, CA). Twenty micrograms of protein was sepa-
rated in 10% SDS-PAGE and electrophoretically transferred onto

Table 1. Primer sets for real-time RT-PCR

NK AND NKT CELLS IN LIVER REGENERATION

polyvinylamide fluoride membranes. After blocking with 5% non-
fat dry milk in Tris-buffered saline, membranes were incubated
overnight at 4°C with rabbit polyclonal anticyclin D1 or antiphos-
pho-STAT3 (Tyr705; Cell Signaling Technology, Beverly, MA),
followed by a secondary horseradish peroxidase-conjugated anti-
rabbit IgG antibody (DakoCytomation Norden A/S). Subsequently,
specific bands were visualized using the enhanced chemilumines-
cence detection kit (GE Healthcare, Buckinghamshire, UK). Im-
ages were captured using a lumino-image analyzer (LAS-3000;
Fujifilm, Tokyo, Japan), and densitometry was performed using
Multi Gauge software (Fujifilm).

ELISA. Hepatocyte growth factor (HHGF) levels in the liver homog-
enate were determined using an ELISA kit (Institute of Immunology,
Tokyo, Japan), according to the manufacturer’s instruction. Serum
IL-6 levels were measured similarly by an ELISA kit (R&D Systems,
Minneapolis, MN).

Cell culture. Hepatic stellate cell (HSC)-T6 cells, a rat HSC line,
were cultured on polystyrene dishes using DMEM (Invitrogen, Carls-
bad, CA), supplemented with 10% FBS in a humidified air containing
5% CO; at 37°C. Cells were then incubated with recombinant murine
IFN-y, TNF-o, IL-4, or IL-13 (10 ng/ml each; R&D Systems) for 3—-6 h
as appropriate.

RNA preparation and real-time RT-PCR. Total RNA was pre-
pared from frozen tissue samples or culture cells using the illustra
RNAspin Mini RNA Isolation kit (GE Healthcare). The concen-
tration and purity of isolated RNA were determined by measuring
optical density at 260 and 280 nm. Furthermore, the integrity of
RNA was verified by electrophoresis on formaldehyde-denaturing
agarose gels.

For real-time RT-PCR, total RNA (1 ng) was reverse transcribed
using Moloney murine leukemia virus transcriptase (SuperScript II,
Invitrogen) and an oligo(dT) 12-18 primer (Invitrogen) at 42°C for
1 h. Obtained cDNA (1 pg) was amplified using SYBR Premix Ex
Taq (Takara Bio, Tokyo, Japan) and specific primers for IFN-y,
TNF-o, HGF, IL-4, IL-6, suppressor of cytokine signal (SOCS)-3, and
GAPDH, as appropriate (Table 1). After a 10-s activation period at
95°C, 40 cycles of 95°C for 5 s and 60°C for 31 s, followed by the
final cycle of 95°C for 15 s, 60°C for 1 min, and 95°C for 15 s, were
performed using the ABI PRISM 7700 sequence detection system (PE
Applied Biosystems, Foster City, CA), and the threshold cycle values
were obtained.

Statistical analysis. Data were expressed as means = SE. Statistical
differences between means were determined using two-way ANOVA
or ANOVA on ranks, followed by a post hoc test (Student-Newman-
Keuls all pairwise comparison procedures) as appropriate. A value of
P < 0.05 was selected before the study to reflect significance.

Gene (GeneBank Accession)

Primer Sequences

Product Size

IFN-y (NM_008337.3)

forward: 5'-CGGCACAGTCATTGAAAGCCTA-3’

199 bp

reverse: 5'-GTTGCTGATGGCCTGATTGTC-3'

TNF-o (NM_013693.2)

forward: 5'-AAGCCTGTAGCCCACGTCGTA-3’

122 bp

reverse: 5'-GGCACCACTAGTTGGTTGTCTTTG-3'

HGF (NM_010427.4)

forward: 5'-AGAAATGCAGTCAGCACCATCAAG-3'

179 bp

reverse: 5'-GATGGCACATCCACGACCAG-3’

IL-4 (NM_021283.2)

forward: 5'-ACGGAGATGGATGTGCCAAAC-3’

83 bp

reverse: 5'-AGCACCTTGGAAGCCCTACAGA-3’

IL-6 (NM_031168.1)

forward: 5'-CCACTTCACAAGTCGGAGGCTTA-3’

112 bp

reverse: 5'-GCAAGTGCATCATCGTTGTTCATAC-3’

SOCS-3 (NM_007707)

forward: 5'-CAATACCTTTGACAAGCGGACTCTC-3'

146 bp

reverse: 5'-TCAAAGCGCAAACAAGTTCCAG-3’

GAPDH (NM_008084.2)

forward: 5'-TGTGTCCGTCGTGGATCTGA-3’

150 bp

reverse: 5'-TTGCTGTTGAAGTCGCAGGAG-3’

HGF, hepatocyte growth factor; SOCS-3, suppressor of cytokine signal-3.
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