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Should we try antiviral therapy for hepatitis C virus
infection with pyoderma gangrenosum-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 Ilwata, 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 (INF)-o 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, wvasculitis,
lichen planus, vitiligo, erythema nodosum, pityriasis
rubra pilaris and perniosis-like lesions.® PG is thought to
be an extrahepatic cutaneous manifestation of HCV
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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 (IFN)-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 IEN-o. injection sites.
The pathogenesis of local cutaneous reactions against
[FN-o is still unknown. Several case reports have sug-
gested that PG results from IFN-o 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-0-2a 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), incuding 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 IEN 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 TGE-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
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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 IFN 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

Background Patients with resolved hepatitis B virus
(HBV) infection undergoing chemotherapy or immuno-
suppressive therapy are potentially at risk of HBV reacti-
vation. However, it remains unclear how liver disease
develops after HBV reactivation. To compare the host
immune response against HBV, we performed immuno-
logical analyses of six HBV reactivation patients.
Methods The numbers of peripheral HBV-specific CD8"
T cells were investigated longitudinally in six HLA-A2-
and/or A24-positive patients with HBV reactivation. In
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addition, 34 patients with resolved HBV, 17 patients with
inactive chronic hepatitis B (ICHB), 17 patients with
chronic hepatitis B (CHB) and 12 healthy controls were
analyzed. The number and function of HBV-specific CD8"
T cells were assessed by flow cytometry using tetramer
staining and intracellular IFN-y production. Furthermore,
the numbers of CD4"CD25™ or CD4 Foxp3™ T cells and
serum inflammatory cytokine levels were analyzed.
Results The frequency of HBV-specific CD8" T cells
was significantly increased in HBV reactivation patients
compared with ICHB and CHB patients. In addition, the
number of HBV-specific CD8" T cells was increased in
resolved HBV patients compared with ICHB patients.
PD-1 expression was decreased in HBV reactivation
patients compared with ICHB and CHB patients. The
numbers of HBV-specific CD8 T cells and CD4TCD25™
or CD4*Foxp3™ T cells were negatively correlated fol-
lowing onset of HBV reactivation.

Conclusions During HBV reactivation, the frequency of
HBV-specific CD8" T cells increased even though the
administration of immunosuppressive drugs and interac-
tions with CD4™ regulatory T cells may be important for
the onset of liver disease.

Keywords Hepatitis B virus reactivation - Cytotoxic T
lymphocyte - Regulatory T cell - PD-1

Abbreviations
HBV  Hepatitis B virus

CTL  Cytotoxic T lymphocyte
SALT Serum alanine aminotransferase
TNF  Tumor necrosis factor

IFN Interferon
MIP  Macrophage inflammatory protein
MCP  Monocyte chemotactic protein
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Introduction

More than 300 million people worldwide suffer from per-
sistent hepatitis B virus (HBV) infection, making the virus
a common cause of morbidity and mortality [1, 2]. Each
year, an estimated one million people die of complications
associated with chronic HBV infection, including cirrhosis,
end-stage liver disease and hepatocellular carcinoma [3, 4].
Viral reactivation in hepatitis B surface antigen (HBsAg)
carriers undergoing immunosuppressive therapy is well
documented, as some immunosuppressive therapies can
enhance HBV replication in hepatocytes at the same time
as they curb host immune responses, resulting in detectable
viremia followed by clinical hepatitis [1]. In general,
although the development of surface and core antibodies
and loss of surface antigen following HBV infection are
thought to represent clearance of the virus, evidence exists
to support the possibility that the virus may remain latent
within the liver [5, 6]. The course and outcome of HBV
infection are modulated by the host immune response [7,
8], and the loss of immune surveillance can cause reacti-
vation of viral replication and exacerbation of disease
activity. HBV reactivation is a well-characterized syn-
drome marked by the abrupt reappearance or elevation of
HBV DNA in the serum of a patient with previously
inactive or resolved HBV infection [1, 9]. Although the
mechanisms of reactivation and associated liver damage
remain unclear, they may include a rebound increase in the
lymphocyte number following cessation of immunosup-
pressive and myelosuppressive chemotherapy, leading to a
rapid destruction of infected hepatocytes with subsequent
severe hepatitis. As one of the viral factors, it has been
reported that the fulminant outcome of HBV reactivation
can be associated with genotype Bj, which exhibits high
replication owing to the A1896 mutation [10]. Therefore,
although there are increasing reports regarding viral factors
for the mechanism of HBV reactivation, it is still premature
to conclude how the host immune response affects the liver
injury and viral load.

It has been demonstrated that chronic persistent HBV
infection is manifested by cytotoxic T lymphocytes (CTLs)
that are functionally impaired or exhausted [7]. Recent
reports have indicated that PD-1 is markedly upregulated
on the surface of exhausted virus-specific CD8 T cells in
mice with lymphocytic choriomeningitis virus infection
[11] and humans with human immunodeficiency virus
(HIV) infection [12, 13] or hepatitis C virus (HCV)
infection [14]. Based on these observations, we evaluated
the hypothesis that HBV-specific CD8™ T cells can restore
their function during HBV reactivation, by analyzing PD-1
expression on HBV-specific CD8" T cells. In a previous
report, we demonstrated that fulminant hepatitis in HBV
patients was responsible for high amounts of interferon

(IFN)-y production by CD8* T cells from peripheral blood
mononuclear cells (PBMCs) [15]. Thus, HBV-specific
CD8™ T cells may be responsible for the liver disease at the
onset of HBV reactivation, although a causal relationship
among these events has not been defined.

In this study, we found that the frequency of HBV-
specific CD8" T cells was increased and the interactions
between these CD8™ T cells and CD4™ regulatory T cells
(Tregs) showed a negative correlation at the onset of HBV
reactivation.

Patients and methods
Patients

Six patients with HBV reactivation from resolved HBV
infection before chemotherapy or immunosuppressive
therapy, 34 patients with resolved HBV, 17 patients with
inactive chronic hepatitis B (ICHB), 17 patients with
chronic hepatitis B (CHB) and 12 healthy controls gave
informed consent to participate in the study. The study was
performed at Tokyo Metropolitan Komagome Hospital
after receiving institutional review board approval
(approved ID number: 714). We defined resolved HBV
infection as serum HBsAg (—), anti-HBcAb (+) and/or
anti-HBsAb (4), ICHB as serum HBsAg (+), HBV DNA
(+) and normal serum alanine aminotransferase (SALT;
5-40 TU/mL), and CHB as serum HBsAg (+), HBV DNA
(+) and continuous serum ALT elevation (>2 X normal
level). The study protocol and procedures were conducted
in accordance with the ethical guidelines of the Declaration
of Helsinki. The patient characteristics are summarized in
Table 1. The healthy controls comprised six males and six
females, who ranged in age from 32 to 63 years. There
were no significant differences in age between the HBV
reactivation patients and the other groups. The patients
were human leukocyte antigen (HLA)-A2- or A24-positive
and negative for HCV and HIV-1/2.

Sample preparation

PBMCs were isolated from whole blood using Lympho-
prep™ (Axis-Shield, Oslo, Norway). The isolated cells
were washed twice in phosphate-buffered saline (Gibco,
Auckland, NZ) and used immediately. The cells were
cultured in RPMI 1640 medium supplemented with 10 %
heat-inactivated fetal calf serum, 100 U/mL penicillin,
100 mg/ml streptomycin, 50 pg/ml, gentamicin and
2 mM r-glutamine (all from Invitrogen, Carlsbad, CA) at
37 °C in a humidified 5 % CO, incubator, as previously
described [15]. Plasma preparation tubes (BD Biosciences,
San Jose, CA) were used to isolate plasma from whole
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Table 1 Characteristics of the respective patient groups

Number Sex (M/F) Age ALT (U/L) HBYV DNA (log/mL)
Healthy volunteer 12 6/6 57+£11 25+£11 -
Resolved HBV 34 18/16 59 + 15 33 +£20 -
ICHB 17 8/9 55+ 14 33+ 14 39+ 1.8
CHB 17 8/9 53 £ 11 75 + 19 55+£19
Reactivation 6 3/3 66 + 12 82 £ 66 58+33

Results are shown as mean & SD

ALT alanine transaminase, /CHB inactive chronic hepatitis B, CHB chronic hepatitis B, HBV hepatitis B virus, M male, F female

blood. The plasma samples were frozen and subsequently
thawed for viral load and genotype testing.

Synthetic peptides

Three HBV peptides; HLA-A*0201 core 18-27
(FLPSDFFPSV), envelope 183-191 (FLLTRILTI), poly-
merase 575-583 (FLLSLGIHL), HLA-A*2402 core
117-125  (EYLVSFGVW), polymerase  756-764
(KYTSFPWLL) and were synthesized by Sigma Aldrich
(Hokkaido, Japan).

Major histocompatibility complex (MHC) class [
tetramer staining

Patients expressing HLA-A2 or A24 were assessed for
antigen-specific responses to HBV by tetramer staining.
For the staining, phycoerythrin (PE)-conjugated HILA-
A*0201-restricted HBV core (FLPSDFFPSV) and HLA-
A*2402 HBV core (EYLVSFGVW) HBV polymerase
(KYTSFPWLL) were purchased from MBL (Nagoya,
Japan).

FACS analysis

HLA typing was performed by staining PBMCs with
fluorescein isothiocyanate (FITC)-conjugated anti-HLA-
A2 and PE-conjugated anti-HLA-A24 antibodies (MBL)
according to the manufacturer’s instructions. PBMCs were
surface-stained on ice for 20 min with the following
monoclonal antibodies: FITC-conjugated anti-human
CD62L., anti-PD-1 and anti-CD25 (BD Biosciences);
PE-conjugated anti-human Foxp3 (eBioscience, San Diego,
CA); and PE-CyS5-conjugated anti-human CD4 and anti-
human CD8 (BD Biosciences). For intracellular staining,
isolated PBMCs were incubated with peptides (10 pl/mL)
in the presence of human recombinant IL-2 (50 U/mlL) and
1 pi/mL of BD GolgiPlug protein transport inhibitor (BD
Bioscience) for 4 h. After incubation (37 °C, 5 % CO,),
cells from each well were stained with PE-Cy5-conjugated
anti-human CD8 (BD Biosciences). Prior to staining with

@ Springer

intracellular antibodies against PE-conjugated anti-human
IFN-y, cells were fixed and permeabilized by adding
Cytofix-Cytoperm (BD Pharmingen). Cells were acquired
by FACS scan (BD Biosciences), and the data was ana-
lyzed using FlowJo software (Tree Star, Ashland, OR).

Cytokine and chemokine profiles

Bio-Plex Cytokine Assay Kits (Bio-Rad Laboratories,
Hercules, CA) were used to measure the amounts of
cytokines and chemokines in sera in accordance with the
manufacturer’s instructions. Specifically, we used the Bio-
Plex Human Cytokine 17-Plex Panel. The resulting sam-
ples were analyzed in a 96-well plate reader using a Bio-
Plex Suspension Array System and Bio-Plex Manager
software (all from Bio-Rad Laboratories).

Serum HBV assay

The serum HBV DNA concentrations were quantified
using the COBAS AmpliPrep/COBAS TagMan HBV Test
(Roche Diagnostics, Basel, Switzerland). The four major
HBYV genotypes (A-D) were determined by enzyme-linked
immunosorbent assay with monoclonal antibodies directed
against distinct epitopes on the preS2-region products using
commercial kits (HBV GENOTYPE EIA; Institute of
Immunology Co. Ltd.,, Tokyo, Japan). HBV DNA
sequences bearing the core promoter and precore or core
regions were amplified by PCR with hemi-nested primers.
The PCR products were directly sequenced by the
di-deoxy-chain termination method using a Big Dye
Terminator Kit and an ABI PRISM 3100-Avant Analyzer
(both from Applied Biosystems, Foster City, CA).

Statistical analysis

Data are shown as mean + SD. The data were analyzed by
the nonparametric Mann—Whitney or Kruskal-Wallis tests
or ANOVA using Prism 5 for Macintosh software
(GraphPad, San Diego, CA). Values of P < 0.05 were
considered to indicate statistical significance.
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Table 2 Characteristics of HBV reactivation patients

Patient Sex Disease HBsAg HBsADb HBcAb Chemotherpy/ HBV HBVcore/precore
Immunosuppressant genotype mutation

#1 Female ALL, BMT - + + PSL, FK C -

#2 Male AML, BMT - + + PSL, CsA C -

#3 Male Eso.ca - + + SFU + CDDP C -

#4 Male B cell lymphoma - + + R-CHOP B -

#5 Male B cell lymphoma - + + CHOP B —

#6 Female T-LBL, BMT — 4 -+ Anthracycline 4+ AraC B —

ALL acute lymphoblastic leukemia, BMT bone marrow transplantation, PSL prednisolone, FK tacrolimus, CsA ciclosporin A, CDDP cisplatin,
5FU 5-fluorouracil, R-CHOP rituximab, cyclophosphamide, doxorubicin hydrochloride (hydroxydaunorubicin), vincristine (oncovin), and

prednisone, AraC cytarabine

Results
HBYV reactivation patient profiles

We identified six patients with HBV reactivation (Table 2).
Patients with malignant lymphoma and bone marrow
transplantation for leukemia were observed, and treatment
with rituximab, which is a well-known inducer of HBV
reactivation, was encountered in the case of one patient
(patient #4). There was no sex difference regarding the
incidence of HBV reactivation. All patients were negative
for HBsAg and positive for anti-HBc and anti-HBs anti-
bodies as HBV-related markers. In addition, three patients
were HBV genotype C and one patient was genotype B. No
core and precore promoter mutations were detected in the
patients. All patients received entecavir (0.5 mg/day) when
serum HBV DNA was initially detected or SALT elevation
was observed.

Serum inflammatory cytokine and chemokine levels

To determine whether the serum cytokine and chemokine
levels correlated with the development of HBV reactiva-
tion, we examined the concentrations of various cytokines
and chemokines. We measured serum cytokine/chemokine
levels at the time of diagnosis of HBV reactivation. In the
groups, serum was isolated prior to chemotherapy or anti-
viral therapy.

The data for the serum cytokine and chemokine levels
are shown in Fig. 1. Serum IL-1f was significantly higher
in resolved HBV patients (median, 0.32 pg/ml; range
0.10-0.75 pg/mL) than in healthy controls (median,
0.17 pg/mL; range 0.04-0.43 pg/mL) or ICHB patients
(median, 0.17 pg/mL; range 0.09-0.24 pg/mL). Serum
IL-7 was elevated in resolved HBV patients (median,
6.4 pg/mL; range 0.54-28.12 pg/mL) compared with ICHB
patients (median, 3.2 pg/mL; range 0.54-12.6 pg/mL) or
CHB patients (median, 3.13 pg/mL; range 0.29-5.16 pg/mL).

There were no significant differences in serum IL-6 among
resolved HBV, ICHB, CHB and HBV reactivation patients.
Serum IL-8 and MCP-1 were significantly increased in
resolved HBV patients (IL-8: median, 12.5 pg/mL; range
5.15-34.2 pg/mL; MCP-1: median, 75.2 pg/mL; range
0.7-300.23 pg/mL) compared with healthy controls (IL-8:
median, 5.24 pg/mL; range not detected—17.46 pg/mL;
MCP-1: median, 23.3 pg/mL; range not detected—
48.51 pg/mlL) and CHB patients (IL-8: median, 7.25 pg/mL;
range 1.13-23.84 pg/mL; MCP-1: median, 21.8 pg/mL;
range 3.49-58.66 pg/mL). Although circulating IFN-y was
detected at very low levels in all samples, ICHB patients
exhibited significant suppression of serum IFN-y. Regard-
ing HBV reactivation, serum G-CSF was slightly increased
compared with healthy controls.

Comparison of HBV-specific CD8' T cell frequencies

The development of hepatitis with HBV infection is med-
iated by antigen-specific CTLs [7]. To compare the fre-
quencies and phenotypes of HBV-specific CD8" T cells
from PBMCs, 16 HLA-A2- and 19 HLA-A24-positive
resolved HBV patients, 9 HLA-A2- and 11 HLA-A24-
positive ICHB patients, 11 HLA-A2- and 13 HLA-A24-
positive CHB patients, and four HLA-A2- and four
HLA-A24-positive HBV reactivation patients were exam-
ined using a panel of three MHC class I tetramers con-
taining frequently detected HBV epitopes (A2 core, amino
acids 18-27; A24 core, amino acids 117-125; and A24
polymerase, amino acids 756-764) (Fig. 2a). The fre-
quency of peripheral HLA-A2 core-specific CD8" T cells
was significantly higher in HBV reactivation patients than
in ICHB and CHB patients (Fig. 2b, upper panels). Inter-
estingly, the frequencies of HLA-A2 core-specific CD8*
cells were also significantly higher in resolved HBV
patients than in ICHB patients, indicating that HBV-
specific CD8™ T cells are circulating even though serum
HBV DNA was not detected. Consistent with these data,
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