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Abstract

Background Catheter malposition is one of the reasons
for outflow failure in peritoneal dialysis (PD) patients.
Fluoroscopic manipulation is a non-surgical treatment
option for catheter malposition. We retrospectively ana-
lyzed the efficacy and safety of fluoroscopic manipulation
using an alpha-replacer guidewire.

Methods The alpha-replacer (JMS Co. Ltd., Tokyo,
Japan) is a guidewire for the treatment of catheter malpo-
sition. We used the alpha-replacer in 23 PD cases at our
hospital from January 2008 to December 2012. We eval-
uated body mass index, time interval between catheter
placement and malposition, and interval between catheter
exteriorization and malposition. Primary failure was
defined as malposition at the time of catheter exterioriza-
tion, and secondary failure as malposition after functional
PD therapy (correct position at time of exteriorization).
Results Successful catheter replacement rate using the
alpha-replacer was 60.8 % (14 of 23 cases). This was similar
to the rates in previous reports. Successful replacement was
mostly observed in those with a long interval between
catheter placement and malposition (p = 0.048), between
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catheter placement and exteriorization (p = 0.047) and with
secondary failure (p = 0.030). In multivariate analysis,
secondary failure cases had a higher rate of successful
replacement than primary failure cases (odds ratio [OR]
7.33, p = 0.038). Serious complications, such as abdominal
trauma or peritonitis, were not observed.

Conclusion Fluoroscopic manipulation using an alpha-
replacer may be safe and effective for the management of
peritoneal catheter malposition, particularly in patients
who were under functional PD therapy until catheter
malposition.

Keywords Peritoneal dialysis - Catheter malposition -
Alpha-replacer

Introduction

In maintenance peritoneal dialysis (PD) patients, catheter
malposition is one of the causes of outflow failure that
requires urgent treatment, especially for cases accompanied
by poor ultrafiltration [1, 2]. In general, surgical proce-
dures, such as laparoscopic manipulation, are suggested or
recommended for these patients due to the higher success
rate [3-5]. However, surgical procedures are associated
with the risk of several complications, such as abdominal
peritonitis, hernia and dialysate leakage. Therefore, fluo-
roscopic manipulation is a useful non-surgical alternative,
due to the lower risk of complications as compared to
surgical procedures [6—11]. Various devices and techniques
have previously been used for this, including fluoroscopic
manipulation for peritoneal catheter malposition. None-
theless, few reports have mentioned the differences in
characteristics between successful and failed cases of
catheter repositioning by fluoroscopic manipulation. We
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retrospectively analyzed the effectiveness and safety of
fluoroscopic manipulation using an alpha-replacer, and
determined the kind of cases that can be successfully
treated by this technique.

Materials and methods
Alpha-replacer procedure

The alpha-replacer (JMS Co. Ltd., Tokyo, Japan) is a
guidewire for treatment of catheter malposition. This wire

Fig. 1 Radiographic and
schematic images of
fluoroscopic manipulation using
the alpha-replacer. a The tip of
the displaced PD catheter is
confirmed using a radio-contrast
agent. b An alpha-replacer is
inserted aseptically. ¢ The
looped alpha-replacer is
expanded by its further
insertion, resulting in the tip of
the PD catheter returning to the
pelvis due to the elasticity of the
wire. The dotted line shows the
displaced PD catheter. The open
arrow shows the direction of
movement of the PD catheter.
d After removal of the alpha-
replacer, the tip of the PD
catheter remains in the pelvis.
The arrow head shows the tip of
the PD catheter

@ Springer

is unique in being flexible if straightened, becoming harder
when coiled [10]. We used the alpha-replacer in the same
manner as previously described [9]. After checking the
position of the tip of the PD catheter using a radio-contrast
agent, an alpha-replacer is inserted aseptically (Fig. ia, b).
After further insertion of the alpha-replacer, the looped
alpha-replacer is expanded, such that the tip of the PD
catheter returns to the pelvis due to the elasticity of the
wire (Fig. Ic). The alpha-replacer is then removed by
pressing on the lower abdomen, while the tip of the PD
catheter does not get displaced, remaining in the pelvic
space (Fig. 1d).
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Patients

We reviewed 92 PD patients treated at our hospital
between January 2008 and December 2012. Of these
patients, we retrospectively analyzed 23 cases who
received alpha-replacement treatment. The local ethical
committee approved this research, and written informed
consent was obtained from all patients before alpha-
replacement treatment. We recorded age, sex, body mass
index (BMI), dialysate volume of PD, history of previous
abdominal surgery, and primary cause of renal failure as
baseline data.

In all patients, double-cuffed, swan-neck catheters with
straight tips, JB-5A, (Hayashidera Co. Ltd., Kanazawa,
Japan) were inserted under local anesthesia. None of the
patients underwent preventive procedures for PD catheter
malposition, such as the peritoneal wall anchor technique
(PWAT) by which PD catheter was fixed to the peritoneal
wall [12]. We defined catheter displacement as catheter tip
migration out of the true pelvis, as detected by abdominal
radiography. Six different nephrologists performed alpha-
replacement treatment within 24 h after diagnosis of the
catheter displacement. After alpha-replacement treatment,
we confirmed outflow and catheter tip location. We did not
use prophylactic periprocedural antibiotics for all patients
because the treatment could be performed in a sterile
manner.

We defined successful manipulation as cases in which
relapse of outflow failure did not occur for at least 30 days
after alpha-replacement treatment. To evaluate the differ-
ences between successful and failed cases, we analyzed the
interval between catheter placement and malposition and
that between catheter exteriorization and malposition. In
addition, primary failure was defined as malposition at the
time of catheter exteriorization, and secondary failure as
malposition after functional PD therapy (correct position at
the time of exteriorization) [11]. Complications, including
peritonitis and abdominal injury, were defined as the
occurrence of complications within 7 days after alpha-
replacement treatment.

Statistical analyses

Unpaired ¢ test, Mann—Whitney test and Chi-square test
were used to compare normally distributed continuous
variables, non-normally distributed variables and categor-
ical variables, respectively, between successful and failed
cases. Multivariate stepwise logistic regression analysis
was used to evaluate parameters that correlated with suc-
cessful outcomes of alpha-replacement treatment. Signifi-
cant differences were defined as p < 0.05. We used IBM
SPSS statistics version 21 (IBM Corporation, Armonk, NY,
USA) for the analyses.

Results
Outcomes of alpha-replacement treatment

The total observation period was 241.4 patient-years. We
conducted a retrospective analysis of 23 cases. The inci-
dence rate of catheter malposition was 25.0 % (23/92) and
0.095/patient-year (23/241.4). It was similar to the rates in
previous reports (16.8, 22.1 % and 0.073/patient-year,
respectively) [11, 13, 14]. Of the 23 cases, 22 cases had
outflow failure, and 1 case had both outflow and inflow
failure. Mean patient age was 64 =+ 14 years and 18 cases
(78.2 %) were male. In 9 cases (39.1 %), diabetic
nephropathy was the primary cause of renal failure. Two
patients (1 male, 1 female) received alpha-replacement
treatment twice. The success rate was 60.8 % (14 of 23
cases) (Table 1). Of the 9 failed cases, 5 cases, including 2
cases of omental wrapping, required surgical procedures.
Of the 2 cases with omental wrapping, PD catheter re-
implantation was performed in 1 case, while the other case
underwent catheter repair by forefinger (CRF)' and PWAT.
Three cases without omental wrapping, in whom the PD
catheter was not trapped in abdominal organs, underwent
PWAT for repositioning of the PD catheter. Four of the
other cases managed to continue peritoneal dialysis therapy
despite catheter malposition and outflow failure. The time
required for alpha-replacement treatment was 15 min on
average. No instances of serious complications, such as
abdominal organ injury, bleeding or peritonitis, were
observed.

Comparison between successful and failed cases

We divided the 23 cases into two groups depending on the
response to the alpha-replacement procedure, as successful
cases and failed cases. There were no significant differ-
ences between the two groups in terms of age, sex, BMI,
dialysate volume of PD, history of previous abdominal
surgery and prevalence of diabetes mellitus (Table 2).
Success with the alpha-replacement procedure was mostly
seen in patients with a long interval between catheter
placement and malposition (successful vs. failed cases:
18.1 & 18.5 months vs. 4.4 £ 7.1 months, p = 0.048) and
a long interval between catheter exteriorization and mal-
position (successful vs. failed cases: 16.0 & 18.8 months
vs. 2.4 £ 4.1 months, p = 0.047). Secondary failure cases
(14 cases), in whom catheters were located in the correct
position at the time of exteriorization, had more successful

! CRF is a minimally invasive surgical procedure for the repair of
displaced PD catheter. After a small cut in the peritoneum, the
wrapped catheter is pulled out by the fore finger and released from
wrapped tissues (mostly omentum).
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Table 1 Baseline characteristics of peritoneal dialysis patients in whom alpha-replacement treatment was performed

Case no. Age (years) Sex BMI Dialysate Previous Primary cause of Interval between catheter Outcome
volume abdominal renal failure exteriorization and
(L/day) surgery malposition (months)
1 65 Male 174 110 None CGN 23 Success
2 54 Male 27.3 9.0 None DN 14 Success
3 67 Male 17.5 2.0 None DN 0 Failure
4 75 Male 19.9 6.0 None NS 0 Success
5 84 Female 8.8 5.0 None Unknown 3 Success
6 84 Female 16.0 5.0 Omentectomy Unknown 6 Failure
7 63 Male 202 6.0 None CGN 17 Success
8 45 Male 23.6 5.2 None NS 0 Success
9 74 Male 20.2 9.0 Umbilical hernia operation DN 39 Success
10 60 Female 20.7 6.0 None Unknown 63 Success
11 46 Male 21.5 7.7 None NS 12 Failure
12 73 Male 25.0 7.5 None DN 23 Success
13 54 Female 29.4 6.0 Appendectomy CGN 2 Success
14 66 Male 295 45 Appendectomy DN 0 Failure
15 27 Female 17.4 6.0 None DN 0 Failure
16 81 Male 20.9 6.0 None NS 33 Success
17 62 Male 219 115 None Unknown 0 Failure
18 72 Male 183 115 None NS 3 Failure
19 83 Male 18.4 4.5 None NS 0 Success
20 61 Male 26.1 6.0 None CGN 0 Success
21 57 Male 33.0 6.0 None DN 0 Failure
22 68 Male 224 4.5 Appendectomy DN 7 Success
23 56 Male 24.0 8.0 None DN 1 Failure

Cases 5 and 8 and 6 and 11, respectively, were the same patients

Cases 11, 14, 15, 17 and 18 (cases 11 and 18: omental wrapping) required surgery

CGN Chronic glomerulonephritis, DN Diabetic nephropathy, NS Nephrosclerosis

outcomes than primary failure cases (9 cases) (p = 0.030)
(Table 2). In multivariate stepwise logistic regression
analysis, secondary failure cases were associated with a
higher success rate (odds ratio [OR] 7.33; 95 % confidence
interval [95 % CI] 1.11—48.26, p = 0.038) (Table 3).

Discussion

Peritoneal catheter malposition is still a common problem
in PD patients [14-16], although there are several man-
agement strategies available to deal with this problem [13,
17, 18]. Several previous reports have compared surgical
procedures with fluoroscopic manipulation [3-5, 11]. In
general, surgical procedures have a higher success rate
(90—100 %) than fluoroscopic manipulation (44—78 %)
[3=5, 7-9, 11]. On the other hand, the benefit of fluoro-
scopic manipulation is that it is minimally invasive. In this
study as well, the success rate of alpha-replacement treat-
ment was similar to the rate in previous reports [9, 10],

42_) Springer

which was lower than that of surgical procedures. In con-
trast, we were able to perform alpha-replacement treatment
without complications such as abdominal organ injury or
hernia that accompany surgical procedures. Alpha-
replacement treatment contributes to minimizing labor
costs due to the conciseness of the method. Furthermore,
the alpha-replacement procedure can be carried out quickly
because the operating room is not required. Although a
simple comparison of medical cost between the two pro-
cedures is difficult, the cost of this treatment is expected to
be lower than that of surgical procedures. In addition,
fluoroscopic manipulation has several advantages, such as
shortening of treatment time and better patient acceptance
of the treatment. Our results demonstrate the merit of
fluoroscopic manipulation, as is also described in other
reports [6, 7, 11].

In addition to evaluation of the success rate of alpha-
replacement treatment, we analyzed the differences
between successful and failed cases. Of interest, this study
showed that the success rate with alpha-replacement was
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Table 2 Comparison between successful and failed catheter manip-
ulation cases

Evaluated parameter Successful Failed P value
(n=14) (n=29)
Age 671 +£11.8 597+ 162 0215
Male n=11 n=7 0.964
Female n=3 n=72
BMI 223 £ 34 221 £58 0.922
Dialysate volume (L/day) 6.6 = 1.9 6.9 £ 3.1 0.734
Previous abdominal 214 222 0.964
surgery (%)
Primary cause of renal DN:n =4 DN:in=35 0.203
failure Non-DN: Non-DN:
n=10 n=4
Interval between catheter 18.1 =185 44 £ 7.1 0.048
placement and
malposition (months)
Interval between catheter  16.0 £ 18.8 24 + 4.1 0.047
exteriorization and
malposition (months)
Primary or secondary Primary: Primary: 0.030
failure n=23 n==~6
secondary: secondary:
n=11 n=23

BMI Body mass index, DN Diabetic nephropathy

Table 3 Stepwise multiple logistic regression analysis predicting
successful outcome of alpha-replacement treatment

Evaluated parameter Odds ratio 95 % CI P value

Primary vs. 7.33 1.11-48.26 0.038

secondary failure

Both interval between catheter placement and malposition and
interval between catheter exteriorization and malposition were
excluded as evaluated parameters due to multicollinearity

higher in patients with catheter malposition after long-term
PD therapy. In contrast, a lower success rate was observed
in patients with catheter malposition during the PD initia-
tion period. It is speculated that most cases of catheter
malposition in long-term PD patients are easily corrected
because PD catheters in these patients are appropriately
implanted. On the other hand, technical or anatomical
problems, such as omental wrapping, might be the main
reasons for the lower success rate in patients during the PD
initiation period, as previously described [I1]. This indi-
cates that alpha-replacement treatment could be a signifi-
cantly effective method in patients who continue PD
therapy for a certain period.

Miller et al. reported a higher success rate, especially in
secondary failure cases (75.0 %) [11]. However, in their
report, manipulated catheters were mostly located in the
true pelvis, and not in the lower or upper abdomen. This

indicates that these catheters were not displaced and did not
require repositioning. In contrast, all catheters in our study
were displaced to the lower or upper abdomen. The success
rate of our study would probably be higher if cases similar
to theirs were compared.

This study has several limitations. Firstly, it was a single
center study with a small sample size. However, we dem-
onstrated significant differences between successful and
failed cases even with the limited number of samples.
Secondly, alpha-replacement treatment was unable to cor-
rect catheter malposition in some cases, especially during
the initiation period of PD. This could be due to technical
problems accompanying the catheter insertion operation
[19]. The International Society for Peritoneal Dialysis
(ISPD) recommends that more than 80 % of PD catheters
should be patent at 1 year [20]. The l-year patency rate at
our hospital was 83.7 % (77 of 92 cases), which is within
the recommendation of the ISPD guideline. Further, pre-
ventive methods, such as PWAT, have also been reported
in recent years. Although PWAT has not been performed as
a preventive method at our hospital, such methods should
be used in future cases presenting for PD catheter
implantation. Thirdly, we used only one type of PD cath-
eter. Therefore, it may be difficult to apply our study results
to patients with other types of PD catheters. Lastly, several
different doctors performed alpha-replacement treatment in
the patients included in this study. As a result, the possi-
bility of technical bias remains. Further analysis with a
larger sample size may be warranted to resolve these
limitations.

To summarize, fluoroscopic manipulation using the
alpha-replacer is a safe and minimally invasive technique
for PD catheter replacement that has a higher success rate
in maintenance PD patients. For these reasons, alpha-
replacement treatment can be chosen as the first-line
therapy for catheter replacement, especially for mainte-
nance PD patients.
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Rat adipose tissue-derived stem cells attenuate peritoneal injuries in rat
zymosan-induced peritonitis accompanied by complement activation
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Abstract

Background aims. In patients receiving peritoneal dialysis, fungal or yeast peritonitis has a poor prognosis. In rat peritoneum
with mechanical scraping, severe peritonitis can be induced by zymosan, a component of yeast (Zy/scraping peritonitis).
Administration of rat adipose tissue-derived stromal cells (ASCs) potentially can improve several tissue injuries. The present
study investigated whether rat ASCs could improve peritoneal inflammation in Zy/scraping peritonitis. Methods. Rat ASCs
were injected intraperitoneally on a daily basis in rats with Zy/scraping peritonitis. Results. Peritoneal inflammation
accompanied by accumulation of inflammatory cells and complement deposition was suppressed by day 5 after injection of
rat ASCs. The peritoneal mesothelial layer in Zy/scraping peritonitis with rat ASC treatment was restored compared with the
peritoneal mesothelial layer without rat ASC treatment. Injected rat ASCs co-existed with mesothelial cells in the sub-
peritoneal layer. In virro assays showed increased cellular proliferation of rat mesothelial cells combined with rat ASCs by co-
culture assays, confirming that fluid factors from rat ASCs might play some role in facilitating the recovery of rat mesothelial
cells. Hepatocyte growth factor was released from rat ASCs, and administration of recombinant hepatocyte growth factor
increased rat mesothelial cell proliferation. Conclusions. Because the peritoneal mesothelium shows strong expression of
membrane complement regulators such as Crry, CD55 and CD59, restoration of the mesothelial cell layer by rat ASCs
might prevent deposition of complement activation products and ameliorate peritoneal injuries. This study suggests the
therapeutic possibilities of intraperitoneal rat ASC injection to suppress peritoneal inflammation by restoring the mesothelial
layer and decreasing complement activation in fungal or yeast peritonitis.

Key Words: adipose-derived stromal cells, complement, membrane complement regulators, peritoneal dialysis, peritonitis

Introduction

Peritoneal dialysis (PD) is an important renal re-
placement therapy. There are >196,000 patients
with end-stage renal disease currently receiving PD
therapy around the world (1). However, many pa-
tients must be withdrawn from PD therapy for
various reasons (2,3). Impairment of peritoneal
function is one of the main reasons for withdrawal
from PD therapy. Peritoneal impairment is caused by
the use of non-biocompatible PD fluid such as acid-
base PD fluid and long-term exposure of the peri-
toneum to PD fluid. Peritonitis is another important
and serious complication leading to withdrawal from
PD therapy (3.4). Both conditions are associated
with peritoneal tissue injuries and may be related to
the development of lethal encapsulating peritoneal

sclerosis (5). Such problems must be resolved to
improve the prognosis of PD therapy in the future.
In particular, fungal or yeast peritonitis is a serious
infection in patients on PD (6) because fungal in-
fection is known to be associated with a poor prog-
nosis of peritonitis and can lead to the development
of encapsulating peritoneal sclerosis (7,8). We pre-
viously reported that zymosan, a component of the
yeast cell wall, can induce severe peritoneal inflam-
mation in association with complement activation
{9). Zymosan activates the complement activation
system through the alternative pathway (10). We also
reported that dysregulation of the complement acti-
vation system could be one factor associated with
the development and augmented severity of

Correspondence: Masashi Mizuno, MD, PhD, Renal Replacement Therapy, Division of Nephrology, Nagoya University Graduate School of Medicine,

Nagoya 466-8550, Japan. E-mail: mmizuizmed.nagoya-w.ac.jp, masashim 1

(Received 19 March 2013; accepred 22 October 2013)

100.Co.p

ISSN 1465-3249 Copyright © 2014, International Society for Cellular Therapy. Published by Elsevier Inc. All rights reserved.

201310011

htiprfids.dolorg/ 10 1016/, jcy



358 H. Kim et al.

peritoneal injuries (9,11,12). Targeting the comple-
ment activation system might be one approach to
control peritoneal injuries.

Studies using embryonic or pluripotent stem cells
are valuable for analyzing pathologies, restoring in-
juries involving hematopoietic cells, neurons, muscle
or cardiovascular tissue and developing new thera-
peutic agents (13~17). As the stem cells of mesen-
chymal tissues, mesenchymal stromal cells have
shown great potential to repair tissue injuries in
various animal disease models as alternatives to
conventional therapies (18,19). Adipose tissue-
derived stromal cells (ASCs) have an added advan-
tage in that the cells can be harvested more easily and
less invasively than bone marrow-derived mesen-
chymal stromal cells (20) and reportedly display
immunomodulatory properties (21,22).

Using a rat peritonitis model induced by adminis-
tration of zymosan after scraping the peritoneum (Zy/
scraping peritonitis) (%), we showed that the initial
inflammation in severe peritoneal injury was related to
complement activation and that peritoneal inflamma-
tion of this peritonitis was enhanced by complement
activation, supporting the poor prognosis of fungal PD
peritonitis. In the present study, we investigated a
suppressive effect of rat ASCs in peritoneal injuries,
targeting regulation of the complement activation sys-
tem in the rat Zy/scraping peritonitis model.

Methods
Awnimals

Male Sprague-Dawley rats weighing approximately
250 g (Japan SI.C, Hamamatsu, Japan) were used.
All animal experiments described here were carried
out in accordance with the Animal Experimentation
Guide of Nagoya University School of Medicine.

Reagents and antibodies

Zymosan A was purchased from Sigma-Aldrich
(St Louis, MO, USA). Dianeal NPD-4 1.5%
(Baxter, Tokyo, Japan) was used as a 1.5% neutral
PD fluid (pH approximately 6.4). To investigate the
distribution of rat membrane complement regulators
(CRegs), anti-rat Crry (monoclonal antibody [mAb]
TLD-1C11) was purchased from Hycult Biotech-
nology (Uden, the Netherlands), and anti-rat CD55
(mAb RDIII7) and anti-rat CD59 (mAb 6D1),
which were kindly donated by Prof B. P. Morgan
(Cardiff University), were characterized as described
(23-25). Fluorescein isothiocyanate (FITC)-labeled
rabbit anti-mouse immunoglobulin G (IgG)
was purchased from MP Biomedicals (Santa Ana,
CA, USA). To observe C3b and C5b—9 (membrane

attack complex) deposition, we used FITC-rabbit
anti-rat C3 (MP Biomedicals) and mouse anti-rat
C9 (clone 2A1; Hycult Biotechnology), respectively,
followed by incubation with FITC-goat anti-mouse
IgG (MP Biomedicals). Naphthol AS-D chloroacetate
(CooH4CINO3),  N,N-dimethylformamide and
Fast Blue BB Salt hemi(zinc chloride) salt
(C17H1gN3035Cl- 1/2 ZnCly) were purchased from
Sigma-Aldrich for an esterase reaction to detect neu-
trophils. To observe ED1-positive cells, mouse anti-rat
monocyte (clone ED1) was purchased from BMA
Biomedicals (Augst, Switzerland). To recognize
mesothelial cells along the peritoneal surface, we used
monoclonal mouse anti-human cytokeratin, which was
cross-reactive against rat (Dako, Glostrup, Denmark).

Preparation and characterizations of rat ASCs and
primary cell cultures of rat mesothelial cells

Rat ASCs were obtained from inguinal adipose tis-
sue from male Sprague-Dawley rats and cultured in
low serum culture medium according to previous
reports (26,27). Briefly, in the cell culture of rat
ASCs, the basal medium was a 3:2 mixture of Dul-
becco’s modified Eagle’s medium (Nissui Pharma-
ceutical, Tokyo, Japan) and MCDB 201 medium
(Sigma-Aldrich), supplemented with 1 mg/mL
linoleic acid-albumin (Sigma-Aldrich), ITS liquid
media supplement (100x) as 1:100 (v:v) (Sigma-
Aldrich), 0.1 mmol/L ascorbic acid phosphate ester
magnesium salt (Wako Pure Chemical Industries,
Osaka, Japan), 50 U/mL penicillin and 50 pg/mlL
streptomycin (Gibco Life Technologies, Grand Is-
land, NY, USA). Cells were cultured in culture
medium containing 2% fetal bovine serum (FBS)
(HyClone Laboratories, Logan, UT, USA) and
10 ng/mL. human fibroblast growth factor 2 (Pepro-
Tech, Rocky Hill, NJ, USA).

Primary culture of mesothelial cells was obtained
according to our previous report (11). Briefly,
dissected omentum from a Sprague-Dawley rat was
digested in 10 mL of 0.25% trypsin with 1 mmol/L
ethylenediamine tetraacetic acid (Gibco Life Tech-
nologies) for 30 min at 37°C, followed by incubation
for 1 h in fresh 0.25% trypsin with 1 mmol/L ethyl-
enediamine tetraacetic acid at 37°C. The residual
omentum fragment was removed from the cell sus-
pension. M199 medium (Invitrogen, Carlsbad, CA,
USA) with 10% FBS and a mixture of 50 U/mL
penicillin and 50 pg/mL streptomycin (Gibco Life
Technologies) as 1:100 (v:v) was added into the cell
suspension and centrifuged at 1000 rpm for 5 min. The
cell pellet was re-suspended in 4 mL of M199 medium
with 10% FBS, plated into type 1 collagen-coated
6-cm dishes (IWAKI; Asahi Glass Co., Tokyo, Japan)
and incubated at 37°C for 4 days. Characterization



of the primary culture of rat mesothelial cells was
performed according to our previous report {11).

In vivo experimental protocol

Zymosan-induced peritonitis was developed by five
daily intraperitoneal injections of 5 mg of zymosan
mixed with PD fluid in rats with mechanical scraping
of the right-sided parietal peritoneum (Zy/scraping
peritonitis) as described in our previous report (9),
with a small modification to use 1.5% PD fluid
instead of 4.25% PD fluid. Each intraperitoneal in-
jection was administered to rats with 6 x 10° rat
ASCs/rat suspended in 3 mL of phosphate-buffered
saline (PBS) filled with 1.5% PD fluid (3 mL on days
0 and 1 and 8 mL on days 2—4), as described in our

after injection of zymosan on day O and at the same
time as zymosan injection on days 1—4. Rats were
sacrificed on day 5 to obtain tissues. The experimental
protocol is summarized in supplementary Figure 1.

Separately, to investigate the effects of rat ASCs
for treatment of peritoneal injuries, rat ASCs or
vehicle were intraperitoneally injected on days 1, 2, 3
and 4 after the first injection of zymosan was admin-
istered intraperitoneally as for Zy/scraping peritonitis.
The experimental protocol and number of rats in each
group are shown in supplementary Figure 2A.

Histologic analysis

The parietal peritoneum was cut into strips (approxi-
mately 5 x 20 mm for a strip; four strips were obtained
from the right-sided parietal peritoneum with mechan-
ical scraping). Two strips of the parietal peritoneum
were randomly obtained and fixed in 10% buffered
formalin and embedded in paraffin. Sections 4.5 um
thick were stained with hematoxylin-eosin for histologic
analysis. The other two strips were used for immuno-
histochemistry analysis. To estimate peritoneal thick-
ness as a marker of tissue damage to the parietal
peritoneum, we randomly observed 20 fields/rat at
x 100 magnification under light microscopy, using the
meanvalue for thatrat as the peritoneal thickness. To
estimate total accumulated cells, the total number of
infiltrated cells was counted in 20 fields at x200
magnification under light microscopy. The total
number of infiltrated cells was calculated as follows:

(Total count of infiltrated cells in sequential
peritoneal areas under x 200 magnification)/20

Immunohistochemistry analysis

To investigate infiltrations of neutrophils and
ED1-positive cells, paraffin-embedded sections were
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de-waxed in xylene, re-hydrated and washed in PBS.
To detect neutrophils, we used the Fast Blue Salt
method as an esterase reaction according to a pre-
vious report (29). Briefly, de-paraffinized sections
were incubated in chloroacetate solution (5 mg
naphthol AS-D in 1 mL of N,N-dimethylformamide
mixed with 25 mg fast blue BB salt in 40 mL of PBS)
overnight at 4°C in the dark. After rinsing with
distilled water, slides were stained with Nuclear Fast
Red counterstain (Vector Laboratories, Burlingame,
CA, USA) to counterstain nuclei. To detect infil-
trated ED1-positive cells, de-paraffinized sections
were pre-treated with 0.3% H,O, to block endoge-
nous peroxidase and incubated in 10% normal goat
serum (Jackson ImmunoResearch ILaboratories,
West Grove, PA, USA) in PBS to block nonspecific
binding, followed by treatment with 10 mmol/L cit-
rate buffer (pH 6.0) for antigen retrieval at 98°C for
30 min. De-paraffinized sections were also incubated
with mAb ED1, followed by addition of conjugated
goat anti-mouse IgG and horseradish peroxidase-
labeled polymer (Histofine Simple Stain; Nichirei,
Tokyo, Japan) as a secondary reagent. Development
was performed using deaminobenzine tetrahydro-
chloride development reagent (Histofine Simple
Stain). The number of neutrophils or ED1-positive
cells was calculated using the following formula:

Number of neutrophils or ED1-positive cells =
(total count of neutrophils or ED1-positive cells
in 20 sequential peritoneal areas under x 200
magnification)/20

From snap-frozen peritoneal strips, sections
4.5 um thick were prepared with a cryostat and fixed in
acetone according to our previous report (9). To
investigate recovery of the mesothelial cell layer along
the injured peritoneum, frozen sections were first
stained with anti-cytokeratin, followed by conjugated
polyclonal goat anti-rabbit IgG antibody absorbed with
untreated rat serum (1:1/v:v) and horseradish peroxi-
dase-labeled polymer (Histofine Simple Stain) as a
secondary reagent. Enzyme activity was finally detec-
ted using 3-amino-9-ethyl-carbozole (Dako). Re-
covery of the mesothelial cell layer in the injured
peritoneum was estimated according to our previous
report (30). Briefly, the length of cytokeratin-positive
mesothelial cell layer in relation to the total length
of the peritoneal surface was calculated under x 100
magnification as the proportion occupied by cytoker-
atin-positive cells. To investigate C3b deposition as a
complement activation product, FITC-labeled anti-rat
C3 was incubated on frozen sections. For detection of
C5b—9 as another activation product, frozen sections
were incubated with mouse anti-rat C9 followed by
incubation with FITC-labeled goat anti-mouse IgG
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H&E staining

ED1-positive
cells

Cytokeratin-
positive cells

ASC (+)

Figure 1. Microscopic findings in peritoneum treated with (ASC(+)) or without (ASC(-)) rat ASCs in Zy/scraping peritoneal peritonitis.
(A, C, E) Micrographs show peritoneum without injection of rat ASCs in Zy/scraping peritonitis (ASC(-)). (B, D, F) Micrographs show rat
ASC-injected rats (ASC(+)). Micrographs with hematoxylin-eosin (H&E) staining (A, B), ED1-positive cells (C,D) and distribution of
cytokeratin in mesothelial cells (E, F). The thickness of peritoneum and accumulation of infiltrative cells are clearly decreased in rats treated
with rat ASCs (ASC(+)) (B). Accumulation of ED1-positive cells is also reduced by rat ASCs (D). Cytokeratin-positive cells are apparent
along the recovered peritoneal surface after injury in Zy/scraping peritonitis (F). *External face of the peritoneum. Scale bar is in upper left

corner in (A).

absorbed with untreated rat serum (1:1/v:v). For C3b
or C9 staining, we used normal rabbit serum or mouse
serum as negative controls for antibodies. To score
deposition of C3b or C5b—9 under x200 magnifica-
tion, a semi-quantitative scale was used: 0, negative
result or only trace staining; 1, positive staining
area <10% of total surface area; 2, positive staining
area 10—30%; 3, positive staining area >30%. The
mean value for degree of C3 or C5b—9 deposition from
20 fields was used. To examine the distribution of
CRegs Crry, CD55 and CD59, mAbs (TLD-1C11,
RDIII-7 and 6D1) were first incubated with the tissue
sections, followed by FITC-labeled anti-mouse IgG.
Distribution of the CRegs was also semi-quantified
with the following scale: 0, negative; 1, positive staining
area<20% of'total surface area; 2, positive staining area
20% to <40%; 3, positive staining area 40% to <60% ;
4, positive staining area 60% to <80%; 5, positive
staining area >80%. The mean value for degree of
CRegs expression from 20 fields was used.

Detecring distribution of 5-carboxy-fluorescein diacetate
N-succinimidyl ester-labeled rar ASCs njected in rar
Zylscraping peritonitis

5-Carboxy-fluorescein diacetate N-succinimidyl ester
(CESE) was labeled on rat ASCs using a Cell Trace
CFSE Cell Proliferation Kit (Molecular Probes,
Eugene, OR, USA) in accordance with the instructions
provided by the manufacturer. To observe the distri-
bution of injected rat ASCs, 6 x 10° CFSE-labeled rat
ASCs were injected on days 0 and 1 in the Zy/scraping
peritonitis model. On day 3 after starting the experi-
ment, rats were killed to harvest the peritoneum.
Frozen sections from rats injected with CFSE-labeled
rat ASCs were cut into 5-[im-thick sections and fixed
with acetone for 10 min. First, to enhance the fluo-
rescence signal, CFSE-labeled rat ASC tissues were
incubated with anti-fluorescein/Oregon Green, goat
IgG fraction (Molecular Probes) followed by FITC-
labeled anti-goat IgG (Sigma-Aldrich). Second, to
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Figure 2. Peritoneal thickness, number of inflammatory cells and proportion of the peritoneal surface occupied by cytokeratin-positive cells
in rats with Zy/scraping peritonitis and rats treated with rat ASCs. Peritoneal thickness (A), total number of infiltrating cells (C), number of
neutrophils (D), and number of ED1-positive cells (E) were clearly suppressed by injection of rat ASCs (ASC(+)) compared with no rat
ASC treatment (ASC(—)). In contrast, cytokeratin-positive mesothelial cells were observed more frequently in ASC(+) rats than in ASC(-)

rats (B). Each value represents mean + SD.

distinguish between mesothelial cells and CFSE-labeled
rat ASCs in peritoneum, sections were incubated with
anti-cytokeratin followed by tetramethylrhodamine
isothiocyanate-labeled rabbit anti-mouse IgG (H+L)
(Zymed, South San Francisco, CA, USA).

In vitro co-culture assays with rat ASCs and rat
mesothelial cells and WST-1 assay to confirm progression
of mesothelial proliferation

First, rat mesothelial cells (4.5 x 10°) from primary
cultures were co-cultured directly with rat ASCs
(0.45 x 10°) or without rat ASCs on type I collagen-
coated plastic dishes. At 48 h after co-culturing of
both groups of cells, numbers of mesothelial cells
were counted and compared. To adjust for the pure
increase of mesothelial cell number, we incubated
4.5 x 10° rat ASCs in a separate dish to subtract the
increase in ASCs (control rat ASCs) for 48 h. The
increased number of mesothelial cells co-cultured
with 0.45 x 10’ rat ASCs was calculated using the

following formula:

Number of co-cultured mesothelial cells
(/dish) = (total cell count in a dish of co-
cultured mesothelial cells and rat ASCs)—
(number of control rat ASCs) x 0.45/4.5

To study whether some fluid-phase factors
released from rat ASCs were related to proliferation
of mesothelial cells, we used a Transwell system. Rat
mesothelial cells were cultured with or without rat
ASCs on 12-well Coster Transwell 0.4-jim mem-
branes (Corning, Lowell, MA, USA). Rat mesothe-
lial cells (2.0 x 10°) were at the bottom of the well,
and rat ASCs (2.0 x 10° or none) were on the
inserter., After 48 h of culture, the number of meso-
thelial cells at the bottom of the well was counted.

In addition, Cell Proliferation Reagent WST-1 (4-
[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio] -1,
3-benzene  disulfonate) (Roche  Diagnostics,
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Figure 3. Changes in expression of membrane complement regulators Crry, CD55 and CD59 along peritoneal surfaces. Along the peri-
toneal surface of ASC(+) rats, distributions of CReg expression are clearly increased (B, E, H) compared with ASC(—) rats. Original
magnifications are x200, and scale bar is in upper left corner of (A). Insets (B, E, H) are x4 magnifications of the originals. Arrows show
expression of CRegs on peritoneal surface. *External face of the peritoneum. Degree of Crry (C), CD55 (F) and CD59 (I) distribution in

peritoneum. Each value represents mean =+ SD.

Mannheim, Germany) was used to confirm en-
hancement of mesothelial cell proliferation according
to information provided by the manufacturer. To
confirm that fluid-phase factors from rat ASCs
increased proliferation of mesothelial cells, rat meso-
thelial cells or rat ASCs were cultured in M199 with
0.5% FBS in 6-cm dishes for 48 h. Numbers of
rat ASCs or rat mesothelial cells were prepared to
approximately 2 x 10%dish after 48 h of incubation.
Separately, rat mesothelial cells (1 x 10%well in 100 pL
of M199 with 0.5% FBS) were incubated in 96-well
multiple plates for 3 h. For each well in the 96-well
multiple plates, the supernatant was changed to 100 pl.
of the supernatant from rat mesothelial cell culture or
rat ASC culture dishes. After incubation for 22 h at
37°C, 10 pL. of WST-1 solution was added to each
well, and the cells were incubated for another 2 h. Each
well of the 96-well multiple plate was measured at 450
nm in a micro-plate reader (Sunrise Rainbow RC;
Tecan Trading, Mannédorf, Switzerland). Each assay
was repeated six times.

In vitro mesothelial cell wound-healing assay

To investigate paracrine effects of rat ASCs on re-
covery of the injured mesothelial cell layer, we used a
modified n virro wound-healing assay (31). Briefly, rat
mesothelial cells were cultured on 35-mm collagen-
coated dishes (Asahi Glass Co) as confluent
monolayers. The monolayer was scraped in a line
across the well with a 200-UL standard pipette tip.
The wounded monolayer was washed three times
with serum-free media to remove cell debris and
incubated with 2 ml/dish of the supernatant of
rat ASCs (ASC(+)) or with 2 mL/dish of the su-
pernatant of mesothelial cells (control cells). For
preparation of the supernatant, 4.5 x 10° rat ASCs
and rat mesothelial cells were cultured in M199
with 10% FBS in a 6-cm dish for 48 h. Optical mi-
croscopy was performed using an IX70 inverted
microscope (Olympus, Tokyo, Japan) under bright-
field conditions. Optical images were captured using a
model C-5060 digital camera (Olympus). The image
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Figure 4. Depositions of C3b and C5b—9 along peritoneum in Zy/scraping peritonitis with (ASC(+)) or without (ASC(—)) treatment using
rat ASCs. (A, B) C3b deposition in peritoneum. (C and D) C5b—9 deposition in peritoneum. In peritoneum treated with rat ASCs (B, D),
depositions of C3b and C5b—9 are decreased compared with peritoneum without rat ASCs (A, C). Degree of C3b (E) and C5b—9 (F)
deposition in peritoneum. Each value represents mean £ SD. Original magnification is X400, and scale bar is shown in upper left corner in

(A). *External face of peritoneum.

was subsequently analyzed with Image] software
(National Institutes of Health, Bethesda, MD,
USA). The wound-healing effect was calculated as a
percentage of the remaining cell-free area compared
with the area of the initial wound.

Measurement of hepatocyte growth factor levels in
supernatants of rat ASC culture by enzyme-linked
mmunosorbent assay and acceleration of stimulation of
rat mesothelial cell proliferation with recombinant
hepatocyte growth factor

To measure levels of hepatocyte growth factor
(HGF) in supernatant of rat ASCs, a rat HGF
enzyme-linked immunosorbent assay kit was used
according to the information from the manufacturer
(Institute of Immunology, Tokyo, Japan). In addi-
tion, we investigated whether HGF could stimulate
proliferation of rat mesothelial cells using recom-
binant rat HGF (Institute of Immunology). The rat
ASCs as 1 x 10%100 pL/well were cultured in fresh
medium with 0.5% FBS on a 96-well plate mixed
with 0, 0.6 ng/mL, 1.25 ng/ml., 2.5 ng/mL, 5 ng/mL.
or 10 ng/mL of recombinant rat HGF. Each assay
was repeated three times. After 24 h, the prolifera-
tion of mesothelial cells was assessed by WST-1 as
described previously. The results are expressed
relative to the optical density (OD) value without
recombinant rat HGF (control). The OD values
obtained from the WST-1 assay were used for
calculation of relative OD value, and the calculation
was performed as follows:

Relative OD value = (OD value with each
concentration of recombinant rat HGF)/
(OD value without recombinant rat HGF)

Statistical analysis

All values are expressed as the mean =+ standard
deviation (SD). Statistical analysis was performed
using one-factor analysis of variance. When signifi-
cant differences were identified, further analysis was
performed using Scheffé F test between two groups.
A significant difference between two groups was
considered present for values of P < 0.05.

Results

Intraperitoneal administration of rat ASCs improved
peritoneal tissue injuries in Zylscraping peritonitis model
under light microscopy

Although severe peritoneal thickness with many in-
flammatory cells was observed in Zy/scraping peritonitis
(9), daily intraperitoneal injections of rat ASCs clearly
improved the peritoneal injuries by decreasing perito-
neal thickness in Zy/scraping peritonitis (Figures 1, 2A).
In rats injected with rat ASCs (ASC(+)), number of
infiltrating cells, neutrophils and counts of ED1-posi-
tive cells were significantly decreased (Figure 2C—E).
On the peritoneal surface in rats treated with rat ASCs,
recovery of mesothelial cells along the peritoneal surface
detected by anti-cytokeratin was clearly increased in Zy/
scraping peritonitis (Figures 1F, 2B). Many defects of
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mesothelial cells stained by anti-cytokeratin remained
along the peritoneal surface of Zy/scraping peritonitis
rats without rat ASCs (Figure 1E).

Distribution of CRegs along peritoneal surface was
increased by rat ASC injections, and deposition of
complement-activated products such as C3b and C56—9
n peritoneum was decreased by rat ASC treatments in
Zylscraping peritonitis model

Accompanying recovery of peritoneal mesothelium in
rats injected with rat ASCs, the distribution of CRegs
such as Crry, CD55 and CD59 was significantly
increased along the peritoneal surface compared with
rats without rat ASC treatment (arrows, Migure 3).
Staining of CRegs was also observed to be weakly
positive in accumulated inflammatory cells in perito-
neum compared with the staining of CRegs on meso-
thelial cells. Depositions of C3b and C5b—9 on the
peritoneum of rats treated with rat ASCs (ASC(+))
were significantly decreased compared with rats not
treated with rat ASCs (ASC(—)) (Figure 4).

Distribution of rat ASCs iwyected in rats with Zy/scraping
peritonitis

When CFSE-labeled rat ASCs were injected to
observe the relationship between recovered mesothe-
lial cells and rat ASCs in peritoneum, CFSE-labeled
rat ASCs were observed close to mesothelial cells
stained with anti-cytokeratin in peritoneum (Figure 5).
However, CFSE-labeled rat ASCs were not merged
with cytokeratin-positive mesothelial cells (Figure 5C),
showing that rat ASCs co-localized with peritoneal
cells close to the injured mesothelial cells.

Proliferation of mesothelial cells from rat peritoneum was
increased in two separated co-culture systems with rat ASCs

Under direct co-cultures of rat mesothelial cells
mixed with rat ASCs, numbers of mesothelial cells
were significantly increased compared with meso-
thelial cells alone (Figure 6A). In addition, when we
used the Transwell cell-culture system to distinguish
fluid-phase effects from effects of cell-cell commu-
nication, the number of mesothelial cells with rat
ASCs was significantly increased compared with
mesothelial cells without rat ASCs (Figure 6B).
These observations suggest that some paracrine fac-
tors from rat ASCs increase mesothelial cells.

WST-1 assay supports increased proliferation of rat
mesothelial cells incubated with rat ASC supernatant

We compared proliferation ability of rat mesothelial
cells with supernatant from either cultured rat ASCs or

Cytokeratin
-positive cells

CFSE-labeled §
ratASCs

Merged

Figure 5. Recovery of mesothelium merged to distributions of rat
ASCs in peritoneum. (A, B) Distributions of cytokeratin-positive
mesothelial cells and of CFSE-labeled rat ASCs that were intra-
peritoneally injected. (C) Merged image for cytokeratin-positive
cells (red color) and CFSE-labeled rat ASCs (green color). Inset
(C) is a close-up view (x2 magnification of the original photo).
*External face of the peritoneum. Original magnification x400,
and scale bar is shown in upper left corner in (A).

rat mesothelial cells in the WST-1 assay to confirm
paracrine effects such as fluid-phase factors released
from rat ASCs. In the WST-1 assay, absorbance was
significantly higher for mesothelial cells incubated with
supernatant from rat ASC culture (supernatant of ASC
in Figure 6C) than for mesothelial cells incubated with
supernatant from mesothelial cell culture (supernatant
of MC in Figure 6C). These results suggest that rat
ASCs might have some paracrine effects facilitating
proliferation of rat mesothelial cells.

Restoration of injured mesothelial cell monolayers was
accelerated by supernatant from rat ASC culture

As an additional experiment, a wound-healing assay
was performed to investigate the ability of mesothe-
lial cells to proliferate as a paracrine manner. Under
mesothelial cell wound-healing assay, closure of the



