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for endoscopic submucosal dissection: Mechanical
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Background and Aim: A current drawback of endoscopic
submucosal dissection {ESD} for early-stage gastrointestinal
tumors is the lack of instruments that can safely assist with this
procedure. We have developed a pulsed jet device that can be
incorporated into a gastrointestinal endoscope. Here, we inves-
tigated the mechanical profile of the pulsed jet device and dem-
onstrated the usefuiness of this instrument in esophageal ESD in
swine.

Methods: The device comprises a 5-Fr catheter, a 14-mm long
stainless steel tube for generating the pulsed water jet, a nozzle
and an optical quartz fiber. The pulsed water jet was generated at
pulse rates of 3 Hz by irradiating the physiological saline (4°C}
within the stainless steel tube with an holmium-doped yttrium-
aluminum-garnet (Ho:YAG) leser at 1.1 pulse. Mechanical char-
acteristics were evaluated using a force meter. The device was
used only for the part of submucosal dissection in the swine ESD
model. Tissues removed using the pulsed jet device and a

conventional electrocautery device, and the esophagus, were
histologically examined to assess thermal damage.

Results: The peak impact force was observed at a stand-off
distance of 40 mm {1.1 Jpulse}: ESD using the pulsed jet device
was successful, as the tissue specimens showed precise dissec-
tion of the submucosal fayer. The extent of thermal injury was
significantly lower in the dissected bed using the pulsed jet
device.

Conclusion: The results showed that the present endoscopic
pulsed jet system is a useful alternative for a safe ESD with
rainimum tissue injury.

Key words: early esophageal tumor, endoscopic submucosal
dissection (ESD}, holmium-YAG laser, medical engineering, mini-
rally invasive surgery, therapeutic endoscopy

INTRODUCTION

NDOSCOPIC SUBMUCOSAL DISSECTION (ESD)!

is an emerging, minimally invasive therapeutic tech-
nique for en bloe resection of gastrointestinal tract lesions,
including early-stage esophageal cancer. In spite of the
advantages of ESD over conventional techniques, such as
endoscopic mucosal resection (EMR), it requires highly
advanced technigques and a fearning curve exists for the
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performance of ESD: it has been estimated that endoscopists
need 1o operale on 30 patients under the supervision of an
expert to overcome this learning curve.> In addition, lack of
instruments that can assist in this procedure without the risk
of potential complications (thermal injury and vascular
damage) is one of the drawbacks of the cursent ESD tech-
nique.* Therefore, new equipment that will facilitate the
accomplishment of ESD without requiring special training
and minimizing the risk of complications is highly desirable.

Water jet technology, based on conventional pressure-
driven continuous jet*® or laser/electrically induced pulsed
pressure,” provides an alternative method for dissecting soft
tissues without damaging small vessels or causing mechani-
cal and thermal damage. Moreover, precise tissue dissection
together with preservation of vessels and nerves can be
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achicved. ™" Conventional pressurc-driven continuous water
Jjettechnology has already been applied for endoscopic treat-
ment.” However, its use was limited to transmucosal injec-
tion of water into the submucosal layer (o elevate the mucosa
in preparation for EMR rather than for tissue dissection,™
probably due to the continuous nature of the water jot. The
nse of continuous water How also carries the potential risk of
obscuring the narrow endoscopic operative view.

Pulsed laser-induced water jet is a novel alternative to
achieve tissue dissection with a significantly Jower amount of
water.”™ We have already achicved significant reduction of
intraoperative blood loss and procedure time in the field
of neurosurgery, despite a significant increase in the tumor
removal rate.’ The pulsed laser-induced water jet device
enables tissue dissection without thermal damage while pre-
serving small vessels.”" Therefore, we have developed the
endoscopic pulsed jet system for ESD. The purposes of the
present study are to develop a device that can be incorpo-
rated into a gastrointestinal endoscope, to clarify the
mechanical profile of the pulsed jet from this device, and to
demonstrate its usefulness in ESD carricd out in a swine
model.

METHODS

Pulsed jet device for gastrointestinal
endoscopes

IGURE 1A IS a schematic diagram of the pulsed laser-
induced jet system. Figure 1B is a photograph of the

pulsed jet device and tip of the nozzle, The device consists of
& 5-Fr catheter (RH-5AP4561; Terumo Corporation, Tekyo,
Japan) incorporating a jet gencrator made of a stainless steel
tube (19-G stainless steel tube, 0.9'mm internal o, 1.26 mm
external o, length 14 mm, SUS304; Techno Science, Sendai,
Japan) and an optical quartz fiber (400 um core o, NO.QL-
400-850-5; Sparkling Photon, Tokyo, Japan), leading into a
polytetraflucroethylene (PTFE) tapered nozzle (exit 0.5 mm
internal ¢, inlet 1 mm intersal o), Two PTFE tubes
(7-306-01 and 7-306-02; AZ Onc Corp., Osaka, Japan)
{Fig. 1B lcft, bottom) were combincd. This device was
assembled from the distal end in the following order: the
PTFE iubes, stainless steel tube, and 5-Fr catheter. The inner
capillary structure was placed in the proximal end of the
metal he fo prevent reverse waler jet flow and thereby
improve the impact force of the pulsed jet (Fig. 1A). The
internal diameter of the tube was tapered from | mum at the
entry to (.5 mm at the exit. Because this system is intended
to. be incorporated into a gastrointestinal endoscope, the
length of the metal tube was 14 mm to preserve the flexibil-
ity of the gastrointestinal endoscope. The proximal end of
the catheter was sealed with a Y connector. (AP-Y(C258S;
Terumo Corporation) to prevent air from entering the
system, Cold physiological saline (4°C) was supplied at
00 mL/h through an inper capillary by a syringe pump
(TE-3318; Terumo Corporation) {Fig. 1B). Physiological
saline was kept at 4°C to prevent thermal damage,'®

The jet energy source was a pulsed holmium-doped
yitrium-aluminum-garnet (Ho:YAG) laser system (model

Figure 1 (A) Schematic diagram of the laser-induced pulsed jet system. N, nozzle {exit; 0.5 mm inner @, 1.0 mm outer o, inlet; 1.0 mm
inner i, 2.0 mm vuter @); G, pulsed jet generator made of stainless steel tube; C, Flexible catheter (0.9 mm inner g); O, optical quartz
Gber {0.4 mm core o}; Y, Y-connector; S, syringe pump; 5D, stand-off distance; L, pulsed holmium-doped yltrium-aluminum-garnet
(HoYAG) laser systern. Inset: lateral sectional view (upper} and cross-sectional view {lower] of the pulsed jet generator.
{B) Photograph of the laser-induced pulsed water jet device. inset: Photograph of the nozzle. Two polytetrafiuoroethylene tubes
were combined. Tip of nozzle was tapered (exit: 0.5 mm inner g, inlet: 1.0 mm outer s},
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SLS-HO; Sparkling Photon, Tokyo, Japan) with a wave-
length of 2.1 jtm, pulse duration of 350 pis.

Measurement of mechanical profiles

The dynamics of the jet was initially confirmed using a
high-speed camera (HPV-1; Shimadzu Corporation, Kyoto,
Japan). The mechanical profile of the pulsed liquid jet gen-

(simulated lesion) was similarly marked with electrocautery
in both groups. In the pulsed jet group, targets were marked
at 40 cm from the dental arch, and in the control group,
targets were marked at 30 em. Then, after submucosal injec~
tion of physiological saline combined with 0.4% indigocar-
mine to separate the target tissue from the muscularis
propria, initial cuts (so-called pre-cuts) were carried out into

erated by the endoscopic pulsed jet system was evaluated
using a force meter (PFIYT-200GF; Sparkling Photon). The
nozzie of the endoscopic pulsed jet device was placed per-
pendicular to the foree meter using a holder and the tip of the
nozzle was placed 10 mm away. The impact force of the jet
was caleulated with software that analyzed the time sequence
observation of the impact of a single shot detected by
the force meter and demonstrated on the oscilloscope
(TDS3014B; Tektronix, Tokyo, Japan). The relationship
between the stand-off distance (the distance between the tip
of the nozzle and the optical fiber), laser energy and impact
force of the liquid jet was cvaluated. The stand-off distance
was changed from 20 to 150 mm by 20 mm increments
according to previous experiments.t

Esophageal ESD in swine

Three domestic pigs (Sus scrofa domesticus LWD, 1214
weeks old, 3040 kg) were used in this study. All animal
procedures and protocols were approved by the institutional
review board of the Center for Laboratory Animal Research
of Tohoku University.

The endoscopic pulsed jet was applied at a frequency
of 3 Hz and at a laser encrgy of 1.1 Jpulse, The stand-off
distance was fixed at 100 mm. Cold physiological saline
(4°C) was supplied at a rate of 100 mL/h using a syringe
pump, Parameter settings were derived in preliminary
experiments in which various stand-off distances and laser
energy were ‘examined at the time of dissection of resected
swine esophagus {data not shown).

The pulsed jet device was incorporated into a gastrointes-
tinal endoscope (GIF-Q260; Olympus Medical Systems,
Tokyo, Japan) and esophageal ESD was carried out in
healthy. domestic pigs under general anesthesia with con-
trolled ventilation. They were anesthetized with 0.04 mg/kg
medetomidine chloride, 0.4 mg/ikg midazolam and 0.2 mg
buprenorphine hydrochloride. Isofturane gas was used for
maintenance  of anesthesia dwing the procedure (model
PH-3F; Acoma Co., Tokyo, Japan) under mechanical venti-
fation (ARF-900; Acoma Co.). Vital signs including blood
pressure and oxygen saturation were monitored. Tissue
specimens were cxtirpated by conventional methods [elec-
trocautery device (KD-620LR: Olympus Medical Science
Corporation, Tokyo, Japan)] (control group} and by the
puised jet device (pulsed jet group). First, each target arca

the submucosal layer with an electrocautery system (Sur-
2iStat™ 11 Covidien Co., Mansfield, MA, USA) in cutting
meode at 100 W, In both groups, a circumferential incision
into the submucosa around the Iesion was made outside the
initial marking using the electrocautery device in coagula-
tion mode at 60 W. The submucosal dissection was carried
out with an electrocautery device in the control group, and
with the pulsed jet device in the pulsed jet group, Otherwise,
procedures were all the same in both groups. In the present
study, the puised jet device was used only for dissecting the
submucosa, The operative endoscopic view of submucosal
dissection with the endoscopic pulsed jet device is shown in
Figure 2. The pulsed jet device has no hemostatic ability; to
control bleeding, a hemostatic device (FD-410LR; Olympus
Medical Science Corporation) was used in coagulation mode
at 60 W in both procedures, The swine were killed after ESD
by both methods; each resection bed was cut into pieces
3 mm wide and the fixed specimens were embedded in
paraffin blocks, then cut parallel to the longitudinal side
into sections 3 m thick. Each section was stained with
hematoxylin-cosin  and  clastica-Masson  stain  before

Figure 2 Operative endoscopic view of submucosal dissection
with endoscopic pulsed jet device.
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examination by optical microscopy to evaluate the morpho-
logical characteristics of the dissection (general dissection
structure and quality of the disscetion margins}. D -

time of dissection of resected swine esophagus (data not
shown). The impact force of the jet increased in proportion to
the increasc of the laser encrgy (data not shown). Capillary

tion of muscle fibers (alteration of architecture, non-
homogencous coloration, disruption of muscle fibers)
indicated thermal injury.’” The length of degeneration of
muscle fibers due fo thermal injury was measured in each
section.

Presence of thermal damage was compared by x*-test, The
extent of thermal damage and disscction was measured in
each specimen, The extent of thermal damage in the muscu-
{ar layer and the length of the dissccted mucosal fayer in cach
specimen were caleulated and compared by Mann—Whitney
Ustest. The level of statistical significance was set at
P <005, All calculations were carried out using StatView
J-5.0 (SAS Institute, Cary, NC, USA).

RESULTS

Measurement of mechanical profiles

IGURE 3 SHOWS the relationship between stand-off
A distance and impact force of the jet at L1 Jpulse.
In the present experiment, the peak impact force was
3.13 & 122 N at the stand-off distance of 40 mm. However,
an appropriate setting for dissection of swine esophagus was
1.3 = 0.9 N at the stand-off distance of 100 mm. This seiting
was derived from preliminary experiments in which various
stand-off distances and laser energy were examined at the

structure increased the impact force of the jet approximately
by 200% (data not shown),

Esophageal ESD in swine

Endoscopic submucosal dissection using the pulsed jet
device was suceessful. The impact force of the pulsed jot was
strong enough to dissect the submucosal layer (1.1 Jpulse
and stand-off distance 100 mm, impact force 132 0.9 N),
while preserving small vessels and causing: no harmful
bleeding. Blectrocautery device was only used to coagulate
these isolated small vessels in the pulsed jet group. The
endoscopic view of the surgical field was acceptable, as it
was kept clean and showed that the pulsed jet deviee could
disscet the submucosa while in contact with it or 2 10 3 mm
apart from it.

A total of six BSD procedures were carried out (three by
electrocantery device, three by pulsed jet device). The mean
diameter of the resected mucosa did not differ significantly
between the pulsed jet group and the control group
(20.0 £ 8.7 mum, 210 % 12,1 mm, P=09). 1n both groups,
specimens were dissected just on the surface of the muscle
layer as shown in Figure 4. Macroscopic thermal damage in
the pulsed jet group was less than that in the control group in
the sub osal side of the i specimens (Fig, 5). The
en bloc resection rate was 100% in both groups. The duration
of the procedure in the pulsed jet group was 50.7
29.9 min, and in the control group it was 31.3 2 16.4 min
{P=0.38). There was no uncontrollable bleeding or perfo-
ration in any ESD procedure, Thermal damage of the resec-
tion bed differed depending on the tissue surface (Fig. 4).
Figure 4a—d shows degeneration of the inner muscularis
propria (alteration of architecture of muscle fibers, non-
homogeneous coloration). ESD using the pulsed jet device
resulted in almost no thermal damage to the fascia of the
is propria (Fig. de-h). Twenty-two specimens were

examined in each group. The incidence of thermal damage
was significantly small in 9.1% of the specimens (2/22)
resected by pulsed jet compared to 59.1% (13/22) in the
control gronp (P =0.004). The extent of thermal damage
of the muscle layer in relation to that of the dissccted
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Figure 3 Relationship between stand-off distance and maximum
jet impact force at a laser energy of 1.1 Jipulse. The peak of
impact force at a laser energy of 1.1 lpulse was observed at a
stand-off distance of 40 mm.
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sal layer was significantly smaller in the pulsed
jet group (1.01 = 4.29%), compured to the control group
(15.09 £ 20.60%) (P = 0.6009) (Fig. 6).

DISCUSSION

E HAVE SUCCESSFULLY shown that a pulsed jet
device can be incorporated into a gastrointestinal

Digestive Endoscopy © 2012 Japan Gastroenterological Endoscopy Society
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Figure 4 Microscopic {8, b, ¢} and macroscopic imaging {d} showing thermal damage in a specimen treated by conventional electro~
cautery {control group). Thermal damage was recognized at the inner circular muscle layer of the esophagus. *, Extent of thermal
damage of the inner circular muscle layer. #, Extent of submucosal dissection. Elastica-Masson staining. Scale bar a: 5 mm, b: original
magnification x 2, ¢: x 5}. Microscopic {e, f, g) and macroscopic imaging {h showing no obvious thermal damage in the specimen treated
using the pulsed jet device (pulsed jet group). No obvious thermal damage was recognized in the muscle fayer. Elastica-Masson staining.
Scale bar e: 5 mm, f: original magnification x 2, g:x 5).

© 2012 The Authors
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Figure 5 Photograph  of
resected specimens {sub-
mucosal layer side). (a)
Pulsed et group; (b}
control group. Macroscopi-
cally, the submucosa of the
resected specimen with
the pulsed jet device has
less thermal damage than
that of the control group
{a), whereas the submu-
cosa of the resected
specimen with the electro-
cautery device has thermal
damage (b}.
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Figure 6 Extent of thermal damage of the muscle layer In rela-
tion to that of the dissected submucosal layer in both groups.
The ratio of damage was 1.01% {pulsed jet group) and 15.09%
{control group}. *P=0.0009,

endoscope. Mechanical investigation revealed that the
impact force generated by the device depended on the stand-
off distance. Wo also showed that the pulsed jet deviee was
safely only used for the part of submucosal disseetion in the
swine ESD modcl. There was no obvious disturbance of the
surgical ficld by splashing, misting, or acrosol.

Water jet instr ion, hoth by g driven con-
tinuous jet and the present pulsed method, delivers energy as
kinetic energy of the water flow, which is ejected through a
small nozzle at the tip of the delivery device. The jet trans-
mits the kinctic energy to the tissue surface and ejects par-
ticles of tissue, creating a corridor through the organ; thus,
the jet can also be used for mass reduction.™ The water jet
instrument possesses scveral qualitics concerning dissection
that are superior to those of conventional instruments, such
ag selective tissue removal with vessel preservation, based on

& 2012 The Authors

the different tensile strengths of tissues. Pressure-driven con-
Linuous water jet fechnology was initially used in the liver in
the 1980s® and thereafter it has been used in neurosurgery,™
stomach,” colon," cardio Jar,* and ophthal ical®
surgery. The use of this system in liver surgery results in
reduced blood loss and less parenchymal trauma than ultra-
sonic aspiration or blunt dissection.™ The high quality of
dissections carried out with water jet and its efficacy in
microsurgical procedures have been demonstrated ‘in the
field of neurosurgery® Another notablc advantage is the
avoidance of thermal damage to the surrounding paren~
chyma, which is incvitable with electrocautery, electromag-
netic field, ultrasonic, and laser instraments ™ Despite
these advantages, the size of the pressure-driven continuous
water jet device and the amount of water required have
prevented its incorporation into minimally invasive instro~
ments {endoscope and catheters).

Our cndoscopic pulsed jet. system differs . from the
pressurc-driven continuons water jet in its application for
removal of a target lesion while preserving small vessels and
using a significantly small anvount of water; it allows access
1o deep, narrow operative ficlds, under cither an operating
microscope or a neuroendoscope.™ The Ho:YAG laser is a
solid-state laser with a mid-infrared wavelength (2.1 um)
that is close to one of the light-absorption peaks of water at
1.9 pm. ¥ Therefore, the laser pulse forms a transient vapor
bubble in the water flow, and the three-dimensional expan-
sion of the confined vapor bubble is used to drive a one-
dimensional liguid jet through a fine nozzle, thus generating
a high-velocity pulsed jet of microliter order.®" We have
already reported that tissue penetration depth depends on
initial velocity and pressure, which ean be controlled by the
laser energy, stand-off distance, and nozzle {(aspect) ratio, ™
In the present experiment, we found that when using the

Digestive Endoscopy © 2012 Japan Gastroenterological Endoscopy Society
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endoscopic pulsed jet device, tissue penctration also
depended on those same factors, despite differences in
structure,

Tt was reported that the performance of the pulsed jet was
far superior to that of a continuous jet operating under the
same parameters.® Seto ¢f al. also reported that the degres of
dissection of the pulse jet was less sensitive to exposure time,
which means the pulsed jet is safe and reliable when applied
for clinical treatment. These findings might explain why the
pulsed water jet can efficiently: disscet the submucosa
with less water and cnergy compared to the continuous
water jet.

In the pulsed laser-induced water jet, the photothermal
energy of the laser is transformed into kinetic energy, thus no
photothermal effect occurs, and the temperature of the water
Jjet remains below 41°C, which is the reported temperature
during use of the ultrasound aspirator, and is also lower than
43°C, the reported funciional threshold of neuronal dam-
age.* Bieeding, perforation and postoperative stricturc are
considered the major complications after ESD.¥ The perfo-
ration risk is even higher in the stomach,' esophagus™ and
colon® Severe inflammation. can occur after thermal
damage resulting from the use of an electrocautery device.
The progression of atrophy and fibrosis in the muscularis
propria alter inflammation could be a direct effect of damage
not only of myoefibers, but also .of the myenteric nerve
plexus.® The most effective and simple way to prevent per-
foration would be to dissect the submucosa without an clec-
trocautery device.™ In case of electrocoagulation hemostasis
during both ESD procedures, surrounding tissues suffered
not cven minimal thermal damage, In previons studies, we
found that a pulsed laser-induced water jet enabled the
surgeon to dissect and debulk a brain tumor while preserving
the small vessels down to 100 to 200 pm, which is the
minimum- diameter of blood vessels preserved using con-
tinuous water jet instrumentation.™* Compared o conven-
tional ESD procedures, ESD using the endoscopic puised jot
system enables exposure of small vessels and coagulation
with' the electrocantery device; therefore, the number of
times the clectrocoagulation device is required is potentially
decreased, thereby reducing thermal injury of surrounding
tissues. While the pulsed jet was injected to the submucosa
between 0 and 90 degrees, the muscle layer was not injured
at the settings used in this study. The appropriate angle to
dissect the submucosa- with the pulsed jet device must be
investigated in future studies. The present experiment
showed that the endoscopic pulsed jet device may become an
alternative to removing a target. lesion, as thermal damage
and the risk of perforation is. significantly smaller. Conse-
quently, the endoscopic pulsed jet system offers a new strat-
egy for ESD.

The simplicity of the system is advantageous compared to
other competing instruments. Custom-made and personal
maodification of the applicator with minimal costs broadens
the potential future applications of this technology.” In the
present experiments, the operative view was broader in
the pulsed jet device. This was partly attributed not only to
the small size of the device, but also to the use of a semi-
transparent nozzle. A direct punch with the tip of the device
is one of the causes of perforation. The tip of the nozzle is
more flexible than the clectrocautery device, reducing the
risk of perforation due to direct injury,

In the present experiment, we selected the esophagus as
the first organ for using the pulsed jet device, because com-
plications of esophageal ESD could become much more
serious compared to ESD of other organs in the gastrointes-
tinal tract, such as stomach or colon. We investigated the
usefulness and safety of the device in a swine esophageal
BESD model. Pulsed jet device can be used in other organs
(kidney, liver, stomach and colon), provided the appropriate
settings for other organs are clarified in future studies,

Lack of examination of the pathological tissues (ic.
malignancy and fibrosis) and lack of Jong-term evaluation as
well as the small number of animals used are limitations of
the present study. Before this device is used in humans,
additional short- and long-term animal experiments, includ-
ing pathological examination, should be carried out.
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Eradication of hepatitis C virus could improve
immunological status and pyoderma

gangrenosum-like lesions

Yasuteru Kondo,' Tomoaki lwata,! Takahiro Haga,? Osamu Kimura,' Masashi Ninomiya,’
Eiji Kakazu,' Takayuki Kogure,' Tatsuki Morosawa,’ Setsuya Aiba? and

Tooru Shimosegawa'

Divisions of ‘Gastroenterology and *Dermatology, Tohoku University Hospital, Sendai, Japan

Hepatitis C virus (HCV) can affect immune cells and induce
various kinds of immune-related diseases including pyoderma
gangrenosum. We experienced a difficult-to-treat case of pyo-
derma gangrenosum-like lesions in a patient with HCV infec-
tion, The patient was treated with pegylated interferon {PEG
IFN}-0=2b and ribavirin {RBV) therapy and achieved a sus-
tained virological response. Before the eradication of HCV,
the frequency of T-helper 17 cells was remarkably high in
comparison to chronic hepatitis C patients without extrahe-
patic immune-related diseases. Moreover, we could detect
negative and positive strand-specific HCV RNA in the CD19° B

lymphocytes and CD4" T tymphocytes. However, after the
eradication of HCV, the irmunological status became
normal and the pyoderma gangrenosum-iike lesions became
stable without immunosuppressive therapy. Here, we report
a sequential immunological analysis during PEG {FN/RBV
therapy and the beneficial effect of HCV eradication in
difficult-to-treat pyoderma gangrenosurn-like lesions.

Key words: CD19, CD4, extrahepatic diseases, hepatitis C
virus, T-helper 17

INTRODUCTION

BPATITIS C VIRUS {FCV) is non-cytopathic virus

that causes chronic hepatitis C (CHC), and hepa-
wcellular carcinoma (HCC), a lymphoproliferative
disease. Approximately 70% of those acutely infected
will develop CHC.' Various Kinds of immune cells,
including CD4* T-helper (Th) cells, CD8* cytotoxic T
lymphocytes (CTL), B cells, regulatory T cells (Treg) and
monocyles, may be affected by persistent infection of
HCV.H* HCV can cause not only immunosuppression,
which contributes to persistent infection, but also
unfavorable immune activation, which can induce
various kinds of extrahepatic manifestations, including
immune-refated diseases. %7
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The extrahepatic manifestations of CHC include
mixed cryoglobulinemia that represents a prototype of
HCV-associated disorders.®** Mixed cryoglobulinemia
is caused by various kinds of stimulation. 1t was
reported that chronic antigenic stimulation may induce
specific B-cell clones that could produce cryoglobulins.
Moreover, B-cell activation andfor dysregulation could
originate as a result of HCV binding to CD81 tetraspa-
nin molecules or as a consequence of its ability to rep-
licate in B lymphocytes.”® A variety of skin disorders are
associated with an increased level of monoclonal immu-
noglobulin proteins. These kinds of disorders include
pyoderma gangrenosum, leukocytoclastic vasculitis
pemphigus, bullous pemphigoid, epidermolysis bullosa
aquisita, Sézary syndrome, lymphomatoid papulosis,
urticaria pigmentosa and acquired ichthyosis.t We
experienced a CHC patient with severe pyoderma
gangrenosum-like lesions treated with immunosuppres-
sive therapy. However, the activity of the pyoderma
gangrenosum-like lesions was not improved during
immunosuppressive therapy. Then, we tried eradication
of HCV by using pegylated interferon (PEG IFN) and
ribavirin (RBV) therapy because a relationship between

© 2013 The Japan Society of Hepatology
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CHC and pyoderma gangrenosum-like lesions was
suspected. '

in this study, we analyzed sequentially various kinds
of immune cells including activated CD3" T cells, CD4~
T cells, CD8 T cells, CD197 B cells, activated B cells,
Thl cells, Th2 cells, Thi7 cells and CD4* CD25
interleukin (IL}-7R" Treg. Moreover, the detection of
strand-specific HCV RNA was carried out because
we  previously reported that lymphotropic HCV
could affect T-cell commitment and immunoglobulin
hypermutation 35131

METHODS
Patient

A CHC  PATIENT  with  severe  pyoderma
gangrenosum-like lesions was enrolled in this
study. The pyoderma gangrenosum-like lesions were
diagnosed by the clinical phenotype and non-specific
inflammation of skin lesions in the Division of Derma-
tology, Tohoku University Hospital. Although this
patient was treated with steroid and skin transplanta-
tion, the skin condition was not improved. Therefore,
we concluded that this patient needed antiviral treat-
ment to remove the effects of HCV, Permission for the
study was obtained from the Fthics Committee at
Tohoku University Graduate School of Medicine {per-
mission no. 2006-194). Written informed consent was
obtained from this patient. The patient was monitored
for 3 years, and peripheral blood samples were obtained
and assessed during PEG IFN/RBV treatment. At each
assessment, the patient was evaluated for the serum
Tevels of HCV RNA, blood chemistry and hematology.
The liver histology was analyzed by the METAVIR score
at the start of PEG IEN/RBV therapy.

Detection of IL-28B polymorphism

Genomic DNA was isolated from peripheral blood
mononuclear cells (PBMC) using an automated DNA
isolation kit. Then, the polymorphism of 1288
(rs8099917) was analyzed using real-time polymerase
chain reaction (PCR; TagMan SNP Genotyping Assay,
Applied Biosystems, NY, USA). The detection of 1L-28B
polymorphism was approved by the Ethics Committee
at Tohoku University Graduate School of Medicine {per-
mission no. 2010-323)

Isolation of PBMC, CD4* T cells and CD19* B
cells, and flow cytometry analysis

Peripheral blood mononuclear cells were isolated from
fresh heparinized blood by means of Ficoll-Hypaque
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density gradient centrifugation. PBMC were stained with
CD3, CD4, CD8, CD19, CD25, CD40, CD86, H-7R and
HLA-DR antibodies (BD Pharmingen, San Jose, CA,
LISA) for 15 min on ice to analyze the CD3” HLA-DR®
cells, CN3” CD4* HIA-DR' cells, CD3™ CD8Y HLA-DR*
cells, CD19 D40 cells, CD19* CD86” cells and CD3*
CD4" CD25* IL-7R" Treg. Isotype-matched control anti-
bodies were used for adjustment of the fluorescence
intensity. The frequencies of the immune subsets were
analyzed using FACS Canto-IT {BD Biosciences, San jose,
CA, USA).

IFN-y, 1L-10 and IL-17A cytokine
secretion assay

Peripheral blood mononuclear cells were stimulated
with CD3- and CD28-coated beads {Miltenyi Biotec,
Gladbach, Germany) for 12 h, Cells were washed by
adding 2 ml of cold phosphate-buffered saline and
resuspended in 90 pl of cold RPMI-1640 medium. After
the addition of 10 pL of 1L-10, IFN-y or 1L-17A Catch
Reagent (Miltenyi Biotec), cells were incubated for
5 min on ice. Thereafter, the cells were diluted with
1 ml of warm medium {37°C) and further incubated in
a closed tube for 45 min at 37°C under slow, continu-
ous rotation. The cells were washed and 11-10- or IFN-
y-secreting cells were stained by adding 10 pL of 1L-10,
IFN-y or IL-17A Detection Antibody (PE conjugated or
APC conjugated; Miltenyi Biotec) together with anti-
CP4-PerCP.

Quantification of IL-17A, IL-21 and 1L-23

The amounts of 1-17A, 11-21 and 1L-23 were quantified
using enzyme-linked immunosorbent assay (ELISA) kits
(eBioscience, San Diego, CA, USA). The serum samples
were collected at sampling points and stored at —20°C,
The ELISA procedure was performed according to the
manufacturer's protocol. The 11-17A, 11-21 and 11-23
sample concentrations were calculated using a standard
curve.

Strand-specific intracellular HCV
RNA detection

Strand-specific intracellular HCV RNA was detected
using a recently established procedure that combines
methods published elsewhere, with minor modifica-
tion. Positive strand-specific and negative strand-specific
HCV RNA were detected using a nested PCR method.
Reactions were performed with 2 pl. of 10X reverse
transcriptase (RT) buffer, 2 uL of 10 mmol/L magne-
stum chloride, 200 umolfL each of deoxyadenosine
triphosphate, deoxycytidine triphosphate, deoxygua-

© 2013 The Japan Society of Hepatology
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nosine triphosphate, 100 pmol/L of thymidine triphos-
phate {dTTP), 0.2U of wracil-N glycosylase {UNG;
Perkin Elmer [Fremont, CA, USA]/Applied Biosystems,
Toster City, CA, USA), 51U of ¥Tth DNA polymerase;
and 50 pmol of strand-specific HCV primers (position
according to the 5P{mtranslated region), nt -285
10 =256 (ACTGTCTTCACGCAGAAAGCGTCTAGCCAT)
and -43 to =14 (CGAGACCTCCCGGGGCACTCG
CAAGCACCC), and template RNA. ‘The RT mixture was
incubated for 10 min at room temperature and then at
70°C for an additional 15 min. The cDNA product was
subjected to the first PCR with 80 pl. of PCR reaction
buffer containing 50 pmol of HCV downstream strand-
specific primer. The PCR amplification consisted of

Table 1 Biochemical, hematological, virological laboratory test
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5 min of 95°C, followed by 35 cycles and then 7-min
extension at 72°C. For the second nested PCR, an
aliquot (1/10}) of the first PCR reaction mixture was
re-amplified using 50 pmol of each of two primers, nt
=276 0 =247 (ACGCAGAAAGCGICTAGCCATGGCGT
TAGT) and nt -21 1o ~50 (TCCCGGGGCACTCGTCAAG
CACCCTATCAGG), which span the 255-base pair
region nt—276 10 =21 of HCV RNA, and Taq polymerase
(Applied Biosystems). The reaction was run for 35
cycles. Semiquantification was achieved by serial four-
fold dilution. The relative titer was expressed as the
highest dilution giving a visible band of the appropriate
intermal control; semiquantification of f-actin mRNA
was performed using the same RNA extracts.

Laboratory test before the immunosuppressive therapy for pyoderma gangrenosum

WBC 7600 ul, T-Bit 0.4 mg/dL I8G 954 mg/dL
RBC 396 10%ul D-Bil 0.1 mg/dl. igA 259 mg/dl.
b 12.4 g/dl. ALP 294 1U/L igM 439 mg/dL
HCT 37.2% ¥-GTP 52 UL
MCV 94 fl AST 36 1L RF 746.2 LI/L
MCH 3l4pg ALT 39 YL
MCHC 33.4% LDH 162 IW/L o3 81 mg/dL
PLT 297 x 10°%/ul: ChE 304 1U/L C4 4.3 mg/dL

CH50 27.7/mi.
PT-INR 0.97 ™ 6.8 g/dL

ALB 3.8 g/dL Ciyo +

Na 144 mEqg/L
K 4 mEqgfL HCV RNA 6.2 log copies/mb ANA <79
Cl 111 mEgfL HCV Genotype b M2 5(=)
Liver histology METAVIR A2/F2
11-28B SNP (1s8099917) bviy
Sampling points 1 2 3 4
ToBil {mg/dl) 0.4 0.3 0.4 0.5
D-Bil (mg/dL) 01 0.1 0.1 0.1
ALP (1L/1) 294 419 320 322
7-GTP {(1U/1) 52 43 28 18
AST (/L) 36 49 24 15
ALT (1U/L) 39 40 16 1
RE (Uf1) 746.2 6715 648.5 648.5
C3 (mg/dL) 81 88 82 95
€4 (mg/dL) 4.3 6.5 7.2 9.4
CHS0 (ml) 27.7 412 39.8 48,2
1. Before the i pp therapy for py m

2. Before the PEG IFN/RBV therapy for HCV eradication.
3. Just afier the PEG 1EN/RBY therapy for HCV cradication,

4. $ix months after the PEG IEN/RBY thempy for HCV eradication (SVR).

ALT, alanine aming crase; Hb, hel
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RESULTS

Clinical course of a CHC patient with
pyoderma gangrenosum-like lesions
EPRESENTATIVE BIOCHEMICAL AND  hemato-
logical analyses at several time points are shown
(Table 1). The polymorphism of 1L-28B (xs8099917) is
of TJT major type. The patient (patient A} had genotype
1h and high HCV RNA tters {6.1log copies/ml)
before the immunosuppressive therapy for pyoderma
gangrenosun-like  lesions,  Cryoglobulin could  be
detected at several time points, The rheumatoid factor
was 746.2. The activity of the pyoderma gangrenosurm-
like lesions was high at this time point (Fig. la).
Therefore, immunosuppressive therapy (cyclosporin)
was started. During the immunosuppressive therapy,

{a)
PEG-IFNa-22 }
80 ughveek

HCV-RNA +Ribavirin ] AT
loglumly 400 mghiay 1oL
8 e 70

(+) -+ @& (@ (@ Cryogobulin
7 / 80
o 0
i
) y ’g“ A 40
Wbt 1 M v ,’ N ,I‘s 30

L K [iY

AR b 1y 20
1 Ny il \o.,.,/) 10

] *2 \ 3 Y4 5 5
Y 0

o] 250 500 750 1000 1250
The numbers of days since the first medical examination (days)

2 3 5 3
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the activity of the pyoderma gangrenosum-like lesions
did not improve. Then, we started the PEG IEN/RBV
therapy (o eradicate the HCV because the relevance of
HCGV 1o the pyoderma gangrenosum-like lesions was
suspected. The titers of HCY RNA rapidly declined after
the start of PEG IEN/RBY therapy. The patient achieved
a sustained virological response (SVR) after the
48 weeks of treatment with PEG IEN/RBV. After the
achievement of SVR, the pyoderma gangrenosum-like
lesions rapidly improved without immunosuppressive
therapy (Fig. 1a).

Strand-specific HCV RNA detection in
lymphoid cells

Then, we carried out strand-specific nested PCR to detect
the HCV RNA using a method previously published by

(b

Before Peg-IFNRBV treatment
{Oweek)

Positive SEHCV-RNA
inCD18+ B cells

Negative StHCV-RNA
inCDIS+ Beelis

| N—
00 24 X6 (64 Neg

PegriFN/RBV treatment
{12 week)

Positive SEHCV-RNA
255bp-»| INCDIS+ B celis

Negative St-HCV-RNA
inCDIS+ B cells

| —-——
0 B X6 64 Neg

Figure 1 Clinical data and condition of the pyoderma gangrenosum-like lesions during the cyclosporin and/or pegylated inter-
feron (PEG TFN)-o-2b/fribavirin (RBV) treatment. (a) Titers of hepatitis C virus (IHCV) RNA and the level of alanine aminotrans-
ferase {ALT) are shown in the upper graph. This graph includes the positivity of cryoglobulin in the serum. Pictures of the same site
of the pyodesma gangrenosum-like lesions are shown in the lower part of the figure, The numbers located at the lower part of the
pictures and in the graph indicate the time points during treatment and follow up. (b) Representative polymerase chain reaction
(PCR) bands that show the semiquantification of strand-specific HCV RNA detection in CD19* B cells are shown. The size of target
PCR bands is 255 base pairs. For negative control, extracted FICV RNA was run in every reverse transcription PCR test withont an

upstream HCV primer, , HCV RNA; o= o o ALY
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Table 2 Detection of strand-specific HCV RNA in the CD4* T cells and CD19” B cells

(@ o Acivaled CO3'T cells GAN;&V&;MCD&T cells , Aclvated COB'T celis
‘Time point 4 weeks before 0 weeks 12 weeks 48 weeks ) A R 1ot ST
treatment & : & B or
ks % <1
CDA* T cells Positive SEHCY RNA 4 4 1 0 z T z 0
Negative St-HCV RNA 1 1 0 0 ¥ o
CD19* B cells Positive St-HCV RNA 16 16 1 0 3 i CEERL
Negative StHCV RNA 1 1 0 0 T e WO W W R
> CO3 ch4 cos

The titers of HCV RNA were expressed as the highest difution giving a visible band of the correct size. The data of two independent N
studies had same results. Bell celis Activoted B cells . CDACDREILTR cells
HCV, hepatitis C virus; St strand. B ¥

cDss
g

indicates the existence of HCV RNA replication in the high in comparison to those in CHC patients (n=5)
cells. The positive rate of negative strand lymphotropic  without extrahepatic immune-related diseases (Fig. 2c).
HCV RNA among general CHC patients was approxi-  The time point of PBMC sampling was before the PEG

g
-]
our group. The detection of negative-strand HCV RNA frequency of Th17 cells in patient A was remarkably T
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detect positive and negative strand-specific HCV RNA in included in this study had high viral loads (>5log s 20 ER fcols o SOAILITA oels
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points before the PEG IFN/RBV treatment (Table 2)
(Fig. 1b). After the eradication of HCV, we could not
detect positive and negative strand-specific HCV RNA in
the lymphoid cells or serum.

Sequential immunological analysis during
PEG IFN/RBV treatment

We analyzed various kinds of lymphoid cells, because
we previously reported that lymphotropic HCV could
affect the Th commitment and proliferation.

The frequencies of activated T cells (HLA-DR® CD3%,
CD4% or CD8* T cells), Th1 cells (IFN-y-secreting CD4* T
cells), Th2 cells (H-10-secreting CD4* cells), Treg (CD4Y
CD25%" 11-7R" cells) and CD19* CD40" B cells were not
remarkably changed during the PEG IFN/RBV treatment
(Fig. 2a,b}. On the other hand, the frequency of Th17
cells (IL-17A-secreting CD4" T cells) was remarkably
decreased after the PEG IFN/RBV treatment {Fig. 2b).
The frequency of CD19* CD86" activated B cells was
slightly decreased after the PEG IFN/RBV treatment. The

CHC patients were male. Moreover, we analyzed the
amounts of Thl7-related cytokines (I-17A, 121 and
11-23) using ELISA. Patient A had remarkably higher
amounts of these cytokines ([1-174, [1-21 and 11-23) in
comparison to the control CHC patients (Fig. 2d}. Some
of the control patients had lower than measurable
amounts of these cytokines (Fig. 2d). Therefore, we used
reference amounts of cytokines calculated using a stan-
dard curve,

DISCUSSION

T HAS BEEN reported that various kinds of extrahe-

patic disease could be induced by persistent infection
of HCV."*¥ Among the extrahepatic diseases, aryoglobu-
lin and autoimmune-related diseases including pyo-
derma gangrenosum were most {requently detected in
CHC patients.">¥" The relationship between aryoglo-
bulin and Th17 cells has been studied in our group
(unpubl. data, Kondo et al.).”” it has been reported that

<
Figure 2 lmamunological analysis during pegylated interferon (PEG WN)-o-2b/ribavirin (RBV) treatment in patient A. (a) Repre-
sentative dot plots indicating various kinds of immune cell subsets and cytokine-secreting cells are shown. Bold boxes indicate the
target subsets in the quadrant of dot plots. (b} Sequential immunological data are shown. The frequencies of various kinds of
immune cell subsets are shown, {¢) The frequencies of cytokine-secreting cells were compared between patient A and chronic
hepatitis C (CHC) without extrahepatic diseases (7= 5), (d) Amounts of interleukin (JL}-174, 11-21 and 11-23 axe shown in the bar
graph. Some of the control patients had lower than measurabie amounts of these cytokines. Therefare, we used reference amounts
of cytokines caleulated using a standard curve, Error bars indicate standard deviation. « + » », CD3" HLA-DR/CD3* X100; seomn,
CD4* HEA-DRTJCDA™ X100; s o, CDE HLA-DR/CIIE” X100; womessmsn | CD4* CD2571 [1-7 R CDA* X1 00; swmonen, CD1Y° CDA0*
B cells/lymphocytes x100;» » » », CD19* CDE" B cells/CD19" X100; s, CHA™ IFN-Y' ¢ells/CDA* X100; novsoss, CDAY IL-107

cells/CDA"X100; « + + +, CD4* IL-1747 cells/CD4" x100.

® 2013 The Japan Society of Hepatology

O~nwsneRE

NI

G-t pnn~E

el ;
WO W
G

e o B4
=3

Activated T cells and tegs

IR AR TR

S ——— e—

W7

o & & F S ¢

) 1 cells and activated B cells

&69% & @ &

Oylokines secreting CD4+cells

© 2013 The Japan Society of Hepatology



— Ggg —

244 Y. Kondo et al.

Th17 cells were associated with the immunopathogen-
esis of auwtoimmune diseases. ™ Previously, we
reported that lymphotropic HGV could affect the com-
mitment of helper T cells, T-cell proliferation, and
immunoglobulin-hypermutation that ‘may affect the
dysregulation of the immune system***'*? The bio-
logical significance of lymphotropic HCV could be its
conuibution to not only the mechanism of HCV-
persistent infection but also the induction of extrahe-
patic diseases including pyoderma gangrenosum,
because cryoglobulin and the dysregulation of T cells
may be involved in the pathogenesis of pyoderma gan-
grenosum, In patient A, the frequency of Th17 cells
was remarkably decreased after the eradication of HCV.
Duwing the immunosuppressive therapy, the titers of
HCV RNA slightly increased. Therefore, the modulation
of the immune system directly induced by HCV
had an important role in the induction of pyoderma
gangrenosum-like lesions. After the eradication of HICV,
the pyoderma gangrenosum-like lesions completely
recovered without immunosuppressive therapy. These
observations suggest that the eradication of HCV is a
significant treatment option for extrahepatic diseases
with dysregulation of the immune system in CHC
patients. However, we could not analyze the basal level
of the immune response without immunosuppressive
therapy due to the fack of PBMC samples. We could not
exclude the contribution of other immune cells in
addition to Th17 cells 1o the induction of pyoderma
gangrenosum-like lesions, because the administration
of cyclosporin could suppress the T-cell response. The
frequencies of IFN-y- and 1L-10-secreting cells in patient
A were comparable to those of the CHC patients
without -immunosuppressive therapy. Therefore, the
immune response in patient A might have been strongly
activated in comparison to the CHC patients without
autoimmune-related diseases.

In conclusion, we sequentially examined the existence
of lymphotropic HCV and the immune response during
PEG IFN/RBV treatment for difficult-to-treat pyoderma
gangrenosum-like lesions. The results suggest the rel-
evance of the frequency of Th17 cells to the activity of
pyoderma gangrenosum-like lesions in CHC patients.
Moreover, the existence of lymphotropic HCV may be
involved in this phenomenon.
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