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[ CASE REPORT L1

Successful Treatment of Cryptococcus laurentii Peritonitis in
- a Patient on Peritoneal Dialysis

Marina Asano', Makoto Mizutani', Yasuko Nagahara', Koji Inagaki', Tetsuyoshi Kariya',
Daijiro Masamoto', Makoto Urai®, Yukihiro Kaneko**, Hideaki Ohno?,
Yoshitsugu Miyazaki®, Masashi Mizuno* and Yasuhiko Ito*

Abstract

A 32-year-old man on peritoneal dialysis (PD) was hospitalized for seven days due to fever. A diagnosis of
yeast-like fungal peritonitis was made by Gram staining. The patient was started on intravenous micafungin
and oral fluconazole therapy following removal of the PD catheter. A fungal pathogen was isolated from the
peritoneal fluid and identified as Crypfococcus species. Based on antifungal susceptibility testing, the treat-
ment was changed to voriconazole and continued for 3 months. A genetic analysis identified the isolate as
Cryptococcus laurentii (C. laurentii). This patient was diagnosed with C. laurentii PD-related peritonitis and
was successfully treated with voriconazole and removal of the PD catheter.

Key words: Cryptococcus laurentii, peritoneal dialysis, voriconazole, catheter removal

(Intern Med 54: 941-944, 2015)
(DOI: 10.216%/internalmedicine.54.3586)

Introduction

Peritonitis is a major and potentially serious complication
of peritoneal dialysis (PD) therapy and is one of the impor-
tant reasons for withdrawal from PD (1). Although the most
commonly identified pathogens are bacteria, fungal peritoni-
tis is very serious and catheter removal is strongly recom-
mended immediately following fungal identification by mi-
croscopy or culture (2). Candida species are reportedly the
most frequently isolated fungi in PD-related peritonitis pa-
tients (3). Cryptococcal peritonitis is uvnusual and, to our
knowledge, only 12 cases have been reported previ-
ously (4-7).

Cryprococcus  neoformans infection in  immunocom-
promised hosts is the most common of the cryptococcal in-
fections. Other Crypfococcus species have traditionally been
considered to be non-pathogenic (8). However, the incidence
of infection due to these organisms, such as Crypfococcus
laurentii (C. laurentily and Cryptococcus albidus (C. al-

bidus), has increased over the past four decades (8, 9). We
know of two reported cases of peritonitis in PD patients
caused by C. laurentii (10, 11). We herein report a case of
peritonitis caused by C. lourentii in an adult patient on PD,
To our knowledge, this is the first reported case of C.
laurentii PD-related peritonitis that was successfully treated
by voriconazole and the removal of the catheter.

Case Report

A 32-year-old man with IgA nephropathy had been on
contimuous ambulatory peritoneal dialysis (CAPD) since age
29. At age 30, CAPD was changed to combination PD and
hemodialysis (HD) therapy. The PD bag exchange protocol
was as follows: 2.5% glucose-based solution (Dianeal-N
PD-2 2.5%™; Baxter, Tokyo, Japan) 2 Lx3/daytime and’ico-
dextrin solution (Extraneal™; Baxter, Tokyo, Japan) 2 L/
overnight. To change PD fluid (PDF) bags, the patient used
a sterile connecting UV flash device (Clean Flash®; Baxter).
He was not treated with any immunosuppressive therapies,

'Department of Nephrology, Handa Municipal Hospital, Japan, *Department of Chemotherapy and Mycoses, National Institute of Infectious Dis-
eases, Japan, *Department of Bacteriology, Osaka City University Graduate School of Medicine, Japan and *Department of Nephrology and Re-
nal Replacement Therapy, Nagoya University Graduate School of Medicine, Japan
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Figure 1.

Gram stain (A) and India iok stain (B) of centrifuged sediment of the peritoneal effluent.

(A) Yeast cells with large Gram-positive budding structures were identified in the peritoneal dialysis
finid by microscopy. (B) India ink staining of the isolate showed capsule formation arcund the cells.

Table. Antifungal Susceptibility Test-
ing Results of C. laurentii Isolated from

Peritoneal Fluid
Antifungal agent MIC
Amphoetericin B 0.25
Flucytosine >64
Fluconazole 8
Itraconazole 0.25
Miconazole 1
Micafungin >16
Voriconazole 0.25
The Testing was Performed according to the
CLSI-M27-A3 Guidelines

and a serological test for human immunodeficiency virus
(HIV) was negative. The patient had never previously expe-
rienced peritonitis before this episode and had not taken any
antibiotics for more than six months.

He presented to our hospital complaining of fever for the
past seven days. His vital signs were as follows: blood pres-
sure, 137/82 mmHg; pulse, 78/min; respiratory rate, 16/min;
and temperature, 37.3°C. On physical examination, no ab-
dominal tenderness was found. The clinical laboratory data
at admission were as follows: peripheral white blood cell
(WBC) count, 4,400 cells/mm’ (neutrophils, 69%; lympho-
cytes, 12.7%; eosinophils, 8.8%); blood hemoglobin level,
14.2 g/dL; and C-reactive protein level, 4.0 mg/dL. The se-
rum cryptococcal antigen test (Eiken-Latex agglutination
test; Sero direct®, Tokyo, Japan) was negative. A Tenckhoff
catheter was in place in the left lower quadrant and did not
appear to be infected. When PDF exchange was performed
at the hospital, the peritoneal fluid was noted to be cloudy.
The WBC count in the first cloudy PDF was 3,500 cells/
mm’ (peutrophils, 60%; lymphocytes, 26%; eosinophils,
14%), indicating peritonitis. Gram staining of the centri-
fuged PDF sediment was performed, and yeast cells with
large Gram-positive budding structures were identified by
microscopy (Fig. 1A). Blood and sputum cultures collected

at admission were negative. These findings suggested fungal
peritonitis, and administration of intravenous micafungin and
oral fluconazole was initiated. Although the number of
WBCs in the effluent tended to decrease with antifungal
treatment, the WBC counts remained steady at 1,000/mm’,
The peritoneal catheter was removed on admission day 7 ac-
cording to the recommendation of the International Society
for Peritoneal Dialysis (ISPD) guidelines, although there
was no sign of infection around the cuffs and cultures of the
tip of the catheter were negative. A fungal pathogen grew
from the initial PDF, and the isolate was identified as a
Cryptococcus species by a commercial laboratory 10 days
after admission. In addition, India ink staining of the isolate
showed capsule formation around the cells, consistent with
the identification of a Cryptococcal species (Fig. 1B). Based
on the antifungal susceptibility testing results (Table), the
treatment was altered to the oral administration of voricona-
zole at a dose of 400 mg/day. The trough level of voricona-
zole was 0.35 pg/mL, which is lower than the recommended
dose in the guidelines (12); therefore, we increased the dose
of vorconazole to 600 mg/day. The patient’s CRP levels im-
proved and he was discharged on admission day 18. He has
been in good condition for more than one year after com-
pleting 3 months of antibiotic therapy. Further identification
of the isolate was subsequently performed by the National
Institute of Infectious Diseases (Tokyo, Japan), and the iso-
late was identified as C. lauwrentii by sequencing the internal
transcribed spacer (ITS) and D1/D2 regions of the ribosomal
RNA, as previously described (13). The clinical course is
summarized in Fig. 2.

Discussion

Fungal peritonitis in PD patients is a serious complica-
tion, leading to death in approximately 25% of epi-
sodes (14, 15). Although the majority of cryptococcal infec-
tions are due to C. negformans (16), the incidence of infec-
tion due to other Cryptococcus species, such as C. laurentii
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Figure 2. The patient’s clinical course. The left Y axis indicates the WBC count in the CAPD fluid
(/uL) and the right Y axis indicates the CRP level (mg/dL). MCFG: micafungin, FLCZ: fluconazole,

VRCZ: voriconazole

and C. albidus, has increased over the past four dec-
ades (8, 9). There have been reports of lung, eye and cuta-
neous infections, meningitis, and fungemia caused by C.
laurentii and C. albidus (8, 9).

A review of the cryptococcal PD-related peritonitis litera-
ture was performed by Yinnon et al. (4, 5). This report in-
cluded 10 cases of cryptococcal peritonitis during CAPD,
and 2 of these 10 patients died. Cultures of samples yielded
C. laurentii in 2 cases, and C. neoformans in 6 cases, but
the Cryptococcus species of the remaining 2 cases were not
stated, Therefore, to the best of our knowledge, only 2 cases
of peritonitis in PD patients caused by C. lawrentii have
been reported (10, 11). The PD catheters were removed in
these 2 cases, resulting in successful treatment and sur-
vival (10, 11). Both were adolescent females, and neither
was on immunosuppressive therapy. The natural habitats of
C. laurentii are unknown (8, 9), and therefore we could not
precisely identify the infection route for the current patient.
However, these previous reports and our present case sug-
gest that an indwelling PD catheter may be a risk factor
even without significant immunosuppressive therapy.

Primary resistance to fluconazole and flucytosine has been
reported in Crypfococcus species other than C. neofor-
mans (17), although the interpretative clinical minimum in-
hibitory concentration (MIC) breakpoints in C. laurentii
have not been determined. In the current case, the isolated
C. laurentii had low MICs for itraconazole, amphotericin B
and voriconazole, while the MIC for fluconazole was rela-
tively high and the MIC for flucytosine was over the upper
limit (Table). As far as we could determine, there is no pre-
vious report of the use of voriconazole to treat cryptococcal
peritonitis in general, or specifically C. laurentii infection.

In the previous reports, C. laurentii infections were success-
fully treated by combinations of amphotericin B, fluconazole
and flucytosine, or imtravemous amphotericin B alone (8).

‘However, the use of intravenous amphotericin B results in

poor peritoneal bioavailability (18). The intraperitoneal ad-
ministration of amphotericin B causes chemical peritonitis
associated with severe pain (18). Conversely, dose adjust-
ment was not necessary when voriconazole was adminis-
tered to patients on PD therapy (19). In addition, in vitro ac-
tivities of voriconazole, posaconazole and fluconazole
against 237 C. neoformans isolates were assessed by Pfaller
et al. (20) who reported that voriconazole was more active
than fluconazole. Furthermore, the ISPD guideline states
that voriconazole is effective against fungal peritonitis, but
there is no statement indicating that itraconazole is effec-
tive (2). Considered together, this information suggests that
voriconazole is an effective agent for the treatment of cryp-
tococcal peritonitis. Based on these data and information,
we selected voriconazole to treat the current patient.

Experience regarding the optimal duration of treatment
for C. laurentii infections is limited due to the limited num-
ber of reported cases and lack of controlled trial data. How-
ever, it was reported that a PD patient with C. neoformans
peritonifis died after nine weeks of treatment with antifungal
drugs, including amphotericin B; at the postmortem exami-
nation, cryptococcosis in the lung, spleen and brain was re-
vealed (5). Our patient was successfully treated by 3 months
of voriconazole. Further accumulation of data from
successfully-treated cases will inform future decisions re-
garding selection of the most suitable antifungal agents and
the optimal duration of treatment for C. laurentii PD-related
peritonitis.
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Calcified Amorphous Tumor in the Left Atrium
in a Patient on Long-term Peritoneal Dialysis
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Abstract

A 66-year-old woman with an 11-year history of peritoneal dialysis (PD) for diabetic nephropathy and re-
nal failure exhibited a movable tumor in the left atrium on echocardiography. Tumor resection was performed
due to the difficulty in diagnosing the tumor and the future risk of heart failure and embolization. Light mi-
croscopy showed a calcified amorphous tumor (CAT), a rare intracardiac mass characterized by the presence
of a pedicle and diffuse calcification. An increased calcium-phosphate product level was suspected as an eti-
ology, although degeneration, inflammation and/or mineral balance disorders may also induce the develop-
ment of CAT. We herein report the first known case of CAT in a PD patient.

Key words: calcified amorphous tumor, peritoneal dialysis, bone mineral disease

(Intern Med 54: 481-485, 2015)
(DOI: 10.216Y/internalmedicine.54.2967)

Introduction

A calcified amorphous tumor (CAT) is a non-neoplastic
cardiac turnor characterized by the presence of a pedicle and
diffuse calcification that was originally described in
1997 (1). The pathological features of CAT include acellu-
lar/hypocellular tumor components with abundant fibrous
tissue and nodular calcium deposits (1). Although the etiol-
ogy remains unclear, degeneration, focal chronic inflamma-
tion and/or mineral balance disorders may be involved.
Since its original description, a few cases of CAT have been
reported in patients with end-stage renal disease (ESRD) un-
der hemodialysis (HD) (2-6). However, no reports have pre-
viously described CAT in patients on peritoneal dialysis
(PD). We herein report the first case of CAT in a PD pa-
tient.

Case Report

A 66-year-old woman with ESRD secondary to diabetic
nephropathy was referred to our hospital. She had been

maintained on PD for the past 11 years and had since expe-
rienced two episodes of PD-related peritonitis, at nine years
and three months prior to the current admission. Other than
these episodes, no marked infectious events had been noted,
including periodontitis, dental caries or episodes of bactere-
mia. The patient had started PD with a prescription com-
prising 1.5 L of 1.5% glucose solution (Dianeal-N PD-2
1.5%™, Baxter, Tokyo, Japan; Table 1) three times in the
daytime and once overnight, with good control of calcium
and phosphate metabolism as well as body fluids. In 2007, a
decreased urine volume resulted in volume overload, and the
PD recipe was changed three times (Fig. 1). Finally, the PD
regimen was as follows: 1.5 L of 2.5% glucose solution
(Dianeal-N PD-2 2.5%™, Baxier) three fimes in the daytime
and 1.5 L of icodextrin solution overnight. The dialysate-to-
plasma creatinine concentration ratio (D/F creatinine) on
peritoneal equilibration tests and the efficacy of dialysis
(weekly creatinine clearance and Kt/V) are summarized in
Table 2. Despite our best efforts, it was difficult to control
the phosphate level, and the amount of oral phosphate
binder, including calcium carbonate, was increased until
2010 (Fig. 1). In January 2009, the administration of ci-
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Table 1. Prescription Medication and Jonic Concentira-
tion of Peritoneal Dialysis (PD) Solution on the Day of Ad-
mission

Medication

Cinacalcet hydrochloride 25 mg/2 days

Alfacalcidol 0.25 pg/day

Calcium carbonate 1,500 mg/day

Sevelamer hydrochloride 2,250 mg/day

Nifedipine 40 mg/day

Telmisartan 80 mglday

Vildagliptin 50 mg/day

PD solution Dianeal-N PD-2 Extraneal
{(glucose solution) (icodextrin solution)

Na“ (mEq/L) 132 132

Ca® (mEq/L) 3.5 3.5

Mg™ (mEq/L) 0.5 0.5

CI' (mEq/L) 96 96

Lactate (mEq/L) 40 40

nacalcet hydrochloride was started due to a persistently high
serum level of intact parathyroid hormone (iPTH). In 2008,
echocardiography was performed to assess the cardiac func-
tion (white arrow in Fig. 1), which was found to be within
the normal range, with no apparent intracardiac masses.
However, high serum levels of corrected calcium and phos-
phate continued for approximately three years, from 2007 to
2010 (Fig. 1). The corrected calcium-phosphate product
level was largely maintained at less than 50 mg*/dL’ until
2007 then subsequently increased, reaching >70 mg¥dL’ in
2009 and 2010. This exacerbation appeared to be caused by
a decrease in the urine volume as well as poor control of
the patient’s diet. In 2011, a routine echocardiography scan
(black' arrow in Fig. 1) disclosed a hyperechoic movable
mass adhering to the mitral valve. We recommended surgi-
cal treatment based on a perceived risk of embolism (7, 8);
however, the patient initially declined to undergo surgical in-
tervention since she remained asymptomatic. Following our
repeated recommendations, she finally consented to surgery
and was referred to our hospital. Due to her long history of
PD, an arteriovenous fistula on the left forearm was created
prior to referral to our hospital. However, the patient had no
other past medial history or history of anticoagulant or anti-
platelet treatment. The hemoglobin Alc level [National gly-
cohemoglobin standardization program (NGSP) value] had
been largely controlled between 6.0% and 7.0% until a few
months before admission for resection of the cardiac tumor.
The details of the medications prescribed on referral to our
hospital are shown in Table 1.

At the time of referral to our hospital, the patient re-
mained asymptomatic. On admission, a.physical examina-
tion revealed clear respiratory sounds and a slight cardiac
murmur during systole on chest auscultation (Levine I/TV
around the intersection of the midclavicular line and fifth in-
tercostal space). The abdomen was soft with exit of the PD
catheter placed in the lower right abdomen. The exit site
was clear. The patient’s body temperature was 36.6°C, with
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Figure 1. Trends in the sernm levels of calcium (Ca), phos-
phate (P) and intact parathyroid hormone (PTH) following the
administration of phosphate binders and the peritoneal dialy-
sate regimen. This figure shows the elinical course and labora-
tory data for calcium and phosphate metabolism starting in
2002, the beginning of peritoneal dialysis (PD) therapy. The
administration of cinacalcet hydrochloride (cinacalcet), alfa-
calcidol, phosphate binders, such as calcium carbonate
{CaCQs) and sevelamer hydrochloride (sevelamer), is shown in
the top bars of the figure. The doses are indicated in the frames.
The arrows show the timing of the echocardiographic examina-
tions and the arrowhead indicates the timing of admission for
surgery. The PD recipe was changed as follows:A) 1.5 L of
1.5% x3 times in the daytime and once overnight. B) 1.5 L of
1.5% x4 times in the daytime and once overnight. C) 1.5 L of
1.5% or 2.5% x4 times in the daytime and 1.5 L of icodextrin
solution overnight. D) 1.5 L of 2.5% x3 times in the daytime
and 1.5 L of icodextrin solution overnight.

a blood pressure of 137/66 mmHg and heart rate of 60
beats/min with a sinus rhythm. The clinical laboratory data
for the blood and serum were as follows: white blood cell
count, 4.6x10%/L; red blood cell count, 340x10%uL; hemo-
globin, 9.0 g/dL; hematocrit, 27.9%; platelet count, 15.2x
10%uL; C-reactive protein, 0.08 mg/dL; total protein, 6.2 g/
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Table 2. Summary of D/P Creatinine of Peritoneal Equilibration Test and of

Dialysis Efficacies

Year D/P Creatinine K¢V (Liweek) Creatinine clearance(L/week)
2004 0.60 1.58(Dia)+1.37(Res) 34.23(Dia)+47.15(Res)

2011 0.63 2.04(Dia) 45.16(Dia)

2012 065 2.12(Dia) 43.53(Dia)

D/P: dialysate-to-plasma creatinine cencentration ratio, Dia: dialysis, Res: residual renal function.

Residual renat function was lost in 2011 and 2012,

dl; albumin, 3.3 g/dL; glutamic oxaloacetic transaminase,
10 TU/L; ghutamic pyruvic transaminase, 6 IU/L; v glutamy!
transpeptidase, 20 IU/L; total cholesterol, 114 mg/dL; high-
density lipoprotein cholesterol, 39 mg/dL; low-density lipo-
protein cholesterol, 51 mg/dL; choline esterase, 271 IU/L;
total bilirubin, 0.3 mg/dL; lactate dehydrogenase, 294 TU/L;
alkaline phosphatase, 702 IU/L; creatinine kinese, 121 IU/L;
blood urea nitrogen, 76.0 mg/dL; creatinine, 9.83 mg/dL,;
sodium, 131 mEq/L; potassium 3.4 mEq/L; uric acid 7.6
mg/dL; corrected calcium, 10.82 mg/dL; phosphate, 4.3 mg/
dL; glycosylated hemoglobin (NGSP), 8.2%; iPTH, 28 pg/
ml; activated partial thromboplastin time, 34 seconds
(97.7% compared to healthy controls); and prothrombin time
(PT), 12.9 seconds (103.0% compared to healthy controls).
The data obtained from a blood gas analysis (room air) were
as follows: pH, 7.397; p0O:, 68.5 mmHg; pCO,, 40.9 mmHg;
cHCO;, 247 mmHg; and actual base excess, 0.4 mmol/L.
The electrocardiographic findings remained within the nor-
mal limits. Chest radiography showed enlargement of the
heart, with a cardiothoracic ratio of approximately 60%. On
admission, simple thoracoabdominal computed tomography
(CT) showed severe calcification of the aorta far from the
level of bifurcation of the renal and coronary arteries; how-
ever, no significant ectopic calcification was noted around
the subcutaneous soft tissues or joints. In addition, echocar-
diography confirmed a hyperechoic movable mass adherent
to the mitral valve (Fig. 2a, b). The detailed echocar-
diographic results are shown in Table 3. On day 3 after ad-
mission, excision of the intracardiac tumor was performed.
Intraoperatively, the tumor was seen to arise from a calcified
area on the posterior wall of the left atrium, with gelatin-
like material adhering around the tumor (Fig. 2¢). The maxi-
mum diameter of the resected tumor was approximately 1
cm (Fig. 2d). A culture of the gelatin-like material yielded
negative results, while a pathological examination of the tu-
mor revealed a hypocellular, fibrous mass without evidence
of malignancy, although the lesion was accompanied by se-
verely calcified lesions (Fig. 2e, f). The final diagnosis was
therefore CAT. The patient was subsequently maintained on
HD in order to accurately conirol her body fluids for ap-
proximately one week after the operation, after which she
quickly recovered. She was returned to PD therapy in accor-
dance with her strong request on day 12 after admission and
was discharged from the hospital on day 20.

Discussion

CAT is a rare cardiac tumor first proposed in 1997 by
Reynolds et al. based on 11 cases (1). The background fac-
tors of CAT cases have been shown to involve various dis-
eases, including malignancy, systemic lupus erythematosus
and ischemic heart disease, with ESRD reported in one
case (1).

Although the etiology of CAT remains unclear, a throm-
botic state has been suggested to induce the development of
CAT in association with hypercoagulation and/or degener-
ated thrombosis (1). Disorders of calcium and phosphate
metabolism are also considered to be potential causes of
CAT (2). Although a small number of cases of CAT have
been reported in ESRD patients on HD (2-6), no cases in-
volving ESRD patients on PD have been reported We
herein provided the first description of the onset of CAT in
an ESRD patient on long-term PD.

ESRD patients usually exhibit bone mineral disorders, and
mitral annulus calcification (MAC) and tumoral calcinosis
have been reported to be complications of such patients,
with increasing corrected calcium-phosphate product levels,
hyperparathyroidism and low turnover of bone (9, 10). In
the present case, the patient had received PD therapy for 11
years, and high calcium-phosphate product and serum iPTH
levels were observed prior to the formation of CAT (Fig. 1).
Therefore, the increased serum corrected calcium and phos-
phate levels and iPTH value may have facilitated the devel-
opment of CAT. In addition, the serum phosphate level is
consistently high in patients on PD, whereas it temporarily
decreases during every HD session. Patients on PD may
therefore be more affected by an increased calcium-
phosphate product level than patients on HD. However, the
relationships between CAT formation and the calcium-
phosphate product level or duration of dialysis remain un-
clear. In PD patients with a high level of serum calcium, the
use of a PD solution with a low calcium concentration ap-
pears to improve the calcium balance and may have been a
suitable choice in the present case at the previous hospital
when the serum level of corrected calcium was high. How-
ever, the improve in both the serum calcium and phosphate
levels was not sufficient to persuade the patient to change
from a PD solution with a standard calcium concentration to
a solution with a low calcium concentration, according to a
physician from the previous hospital. In addition, the patient

483



Intern Med 54: 481-485, 2015 DOI: 10.216%/internalmedicine.54.2967

Figure 2. Echocardiography findings on admission, the intraoperative appearance of the tumor
and light microscopy findings. Echocardiography performed in early 2013 upon admission to our
hospital. a) Long-axis view. b) Short-axis view. The white arrows show a highly echoic, mobile mass
adherent to the mitral valve, ¢) The arrow shows the tumor in the left atrium. d) The resected tumor.
e, f) Findings of light microscopy with Hematoxylin and Eosin staining. The arrows indicate the calci-
fied lesion [original magnification x200 (e} and x400 (f)].

did not show good compliance with dietary advice related to
calcium and phosphate metabolism, and an assessment of
the serum level of glycosylated hemoglobin as a possible
factor inducing ectopic calcification showed her blood sugar
control to generally be adequate at the previous hospital, al-
though poor glycemic control may have been related to the
progression of vascular calcification (11), Purthermore,
thrombosis may also be a cause of CAT formation, as
ESRD patients may have coagulation abnormalities (12)
and/or receive anticoagulant or antiplatelet agents (1). Previ-
ous reports of CAT in ESRD patients on HD therapy may
have been associated with the regular use of anticoagulants
" during HD. Another possibility regarding the onset of CAT
is the opportunity for bacteremic events, such as endocardi-

tis, to induce the development of organized thrombi in
ESRD patients, who are generally immunocompromised.
However, the current patient had no history of treatment
with anticoagulant or antiplatelet agents and had not experi-
enced any bacteremic events other than peritonitis. Impor-
tantly, the asymptomatic CAT was only identified on routine
echocardiography in this case. We thus consider routine
echocardiography to be important for making an early diag-
nosis of CAT, as, in this and previous cases, CAT has been
shown to develop rapidly unaccompanied by symptoms (6).
CAT may originate in any of the four chambers of the
heart (1), although the development of this condition in pa-
tients on HD has been reported to be related to
MAC (3, 4, 6). However, diagnosing CAT based only on the
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Table 3. Summary of Echocardiographic Findings in June 2608 and May 2013

Normal range June 2008 May 2013(on admission)
AOD (mm) 20-37 301 29.0
LAD (mm) 19-40 45.1 48.8
LVDd {mm) 40-535 49.4 49.7
LVDs (mm) 30-45 30.1 30.2
TVSTd (mm) 7-11 13.4 156
LVPWTd (mm) 7-11 122 104
EF (%) >55 not determined 69.6
“ FS (%) >28 39.1 39.2
Left ventricular wall motion within normal limits within normal limits
Mitral regurgitation none moderate
Aortic regurgitation none none
Tricuspid regurgitation mild moderate
Aortic stenosis none none
E/A ratio >] 0.83 0.9
DcT (msec) >150 168 174
Mass lesion in LA not detected 9x13mm

Valve calcification

mild in aortic valve

mild in mitral valve

AOD: aortic orifice diameter, LAD: left atrial dimension, LVDd: left ventricular end-diastolic
dimension, LVDs: left ventricular end-systolic diamesion, IVSTd: end-diastolic interventricular
septal wall thickness, LVPWTd: left ventricular posterior wall end-diastolic thickness, EF: ejection
fraction, FS: fractional shortening, E/A ratio: a ratio of peak mitral E wave velocity to peak mitral A
wave velocity ratio, DcT: deceleration time, LA: left atrium

presence of MAC is difficult, as MAC is not an uncommon
finding in ESRD patients. Furthermore, it can be very diffi-
cult to differentiate CAT from vegetation, myxoma and
thrombosis with calcification in both in non-ESRD and
ESRD patients, and surgical resection is mnecessary to
achieve a definitive diagnosis and prevent embolism in such
cases (7, 8).

The present study is the first report of CAT in a PD pa-
tient. Routine echocardiography is useful for screening to
achieve an early diagnosis of CAT in ESRD patients and
prevent unexpected complications. Although the mechanisms
underlying the development of CAT are unclear, controlling
the levels of calcium and phosphate is important for pre-
venting the development of CAT in ESRD patients.

The authors state that they have no Conflict of Interest (COI).
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ARTICLE INFO ABSTRACT

Article history: We investigated the expression of membrane complement regulators (CRegs), (D46, CD55 and CD59 in
Received 21 October 2014 human mesothelial cells, and correlated with clinical background and level of complement (C) activation
Received in revised form 31 January 2015 products in peritoneal dialysis (PD) fluids (PDF) to clarify influence of the C activation system in PD
Accepted 5 February 2015 patients, Expression of CRegs was assessed on primary cultures of mesothelial cells (HPMC) harvested
from PD fluid of 31 PD patients. Because expression of CD55 but not (D46 and (D59 in mesothelial
gg)r’;" i;ﬁem cells was significantly correlated to value of dialysate-to-plasma creatinine concentration ratio (D/P Cre)
Men‘f}brane complement regulators (p<0.005) as an indicator of peritoneal function, we focused on analysis of (D55 expression of HPMCs
Peritoneal dialysis in comparison with levels of C activation products in the PDF of the PD patients, and their background
DJP creatinine factors, When comparing expression of the CRegs between systemic neutrophils and HPMC, no correlation
D55 was observed, supporting that change of CRegs' expression in HPMC was independently occurring in the
peritoneum, Expression of CD55 protein in HPMC was closely correlated with expression at the mRNA
level {p<0.0001) and was inversely correlated with levels of sC5b-9 (p<0.05), but not €3, C4, IL6 and
CA125 in the PDF. Complications of diabetes, usage of icodextrin and residual renal function were not
correfated with change of CD55 expression in HPMCs,
Qur data show that the process of PD therapy madifies expression of CD55 on peritoneal mesothelium
and triggers local C activation. These findings support efforts to modify PD therapy to limit effects on
activation and regulation of the Csystem.
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FITC, fluorescein isothiocyanate; HOMC, primary culture of mesothelial cells harvested from human omentum; HPMC, primary cultures of mesothelial cells harvested from
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1. Introduction

Peritoneal dialysis (PD) therapy is an important renal replace-
ment therapy (RRT) across the globe and has many advantages
compared with hemodialysis. However, long-term peritoneal dial-
ysis (PD) therapy can be problematic because of impairment of
peritoneal function. Peritoneal injuries resulting in failure can be
caused by several physical stresses inherent in PD therapy, includ-
ing exposure to peritoneal dialysis fluid (PDF), catheter trauma and
peritonitis.

The complement (C) system plays an important role in the
innate immune system and is now recognized as a multi-functional
system with roles not only in defence against bacteria but also in
viral infection, fertilization and modulation of acquired immunity
(Ricklin et al., 2010). It is also clear that pathogenesis of various
diseases is related to dysregulation of the C system (Mizuno and
Morgan, 2004). In the peritoneum, there is little knowledge about
the local C system and its regulation. Recently, we showed that
Jocal inhibition of membrane Cregulators (CRegs) could trigger per-
itoneal inflammation and that dysregulated C activation induced
severe peritoneal injuries in animal models (Mizuno et al,, 20089,
2011,2012). We also showed that exposure to PDF decreased CRegs
expression in rat peritoneum and induced dysregulation of C acti-
vation (Mizuno et al,, 2013). Although there were a few reports that
levels of C proteins and activation products were increased both in
serum and in the peritoneal cavity of PD patients and evidence sug-
gests that some C proteins were produced in peritoneum (Dulaney
and Hetch, 1984; Tang et al, 2004; Young et al,, 1993) there was
little information relating to dysregulation of the C system and
expression of CRegs in peritoneum of PD patients, a single report
examined expression of CD59 (Barbano et al., 1999), We hypothe-
sise that uncontrolled C activation occurs in PD and is associated
with development of peritoneal injury; we set out to test whether
dysregulation of the C system could be demonstrated in peritoneal
mesothelium of PD patients.

In the present study, we explored effects of PD therapyonlocal C
activation/regulation. First, we observed that levels of sC5b-9 were
correlated to dialysate-to-plasma creatinine concentration ratio
(B/P Cre) as a measure of peritoneal function. To clarify the influ-
ence of C regulation in peritoneum of PD patients, we investigated
the expression of CRegs on mesothelial cells of end-stage renal dis-
ease (ESRD) patients on PD, levels of sC5b-9 as an end-product of
C activation and levels of (3 and €4 as C activation components in
PDF; the findings clarify influence of PD therapy on the C activation
system in PD patients.

2. Materials and methods
2.1. Antibodies

Mouse monoclonal antibodies (mAD), anti-human CD55 (clone
1C6) and anti-human CD59 {clone 1F5), were characterized as pre-
viously reported (Hideshima et al, 1980; Shibuya et al, 1892).
MAD anti-human CD46 (clone J4-48) was purchased from Abnova
(Taipei, Taiwan). MAb anti-human CD55 {clone 1C6) was kindly
gifted by Dr. T. Fujita (Fukushima, Japan). Mouse anti-rat CD46
(mAb MM.1) which is expressed only in rat male genital tissues
- was used as a control IgG1 for immunohistochemistry (Mizuno
et al, 2004) and purified mouse IgG (Life technologies, Camar-
illo, CA) was used as a control IgG1 for fluorescence-activated cells
sorting (FACS) analysis. Fluorescein isothiocyanate (FITC)-labeled
rabbit anti-mouse IgG was purchased from Invitrogen (Camar-
illo, CA). To characterize primary cultures of mesothelial cells,
mouse anti-human cytokeratin 18 (Dako, Glostrup, Denmark), rab-
bit anti~ zonula occludens-1 (ZO-1) (ZYMED Laboratories, South

Table1
Background of peritoneal dialysis (PD)) patients to analyze expression of membrane
complement regulators.

n(%)
Age (years old) 556127 31
PD history (months) 3264237 31
Gender Male 21{67.7)
Female 10(32.3)
Background disease DM’ 11(35.5)
Glomerulonephritis 11(35.5)
Nephrosclerosis 5(16.1)
Polycystic kidney 1(3.2)
Malignant hypertension  1{3.2}
Others 2(6.5)
With or without usage of icodextyin With 16(51.8)
Without 15(48.4)
Serum C3 level (mg/dL) 90.34+17.6 31
Serum (4 level (mg/dL} 287479 31

* Diabetes.

San Francisce, CA), mouse anti-human D68 {PG-M1; Dako), mouse
anti-human CD31 (JC/70A; Dako) and mouse anti-aSMA (Dako)
were used. As secondary antibodies, FITC-labeled polyclonal (pc)
rabbit anti-mouse IgG and FITC-labeled pc goat anti-rabbit IgG (Life
technologies, Camarillo, CA)were used. For detection of C3b deposi-
tion, FITC-labeled polyclonal rabbit anti-human C3c was purchased
from Dako. For flow cytometry characterisation of neutrophils,
PE-labeled mouse anti-human CD16b (IgG2ax) and an tsotype«
matched control were used (BD pharmingen).

2.2. Profiles of ESRD patients on PD therapy and demographic
data

The present experiments were approved by the ethics com-
mittees from each Institute of Nagoya University and Daiyukai
Daiichi Hospital and Nagoya Kyoritsu Hospital. All patients con-
sented for use of their laboratory data and biological materials.
Primary cell cultures were derived from human mesothelial
cells harvested from PDF in PD patients or from omentum
in non-chronic kidney disease (CKD) patients during laparo-
scopic operations performed for medical reasons. These patients
demonstrated no significant proteinuria; estimated glomerular fil-
tration rate, 80.3 12 mLjmin/1,73m?; and serum creatinine level,
0.73+£0.18 mg/dL.

To investigate whether peritoneal function was related to levels
of the  activation product sC5b-9 in PDF, we measured levels of
sC5b-9 in 50 samples of overnight dwelling PDF from 38 patients
on PD therapy (randomly selected from approximately 600 samples
stored during past 2.5 years) and correlated with clinical parame-
ters such as dialysate-to-plasma creatinine concentration ratio (D/P
Cre).

We investigated expression of CRegs in primary mesothelial
cells cultured from omentum or from PDF. Medical background
of 31 PD patients in Nagoya University Hospital, Daiyukai Daiichi
Hospital and Nagoya Kyoritsu Hospital are shown in Table 1. Med-
ical records provided laboratory data (such as body mass index
(BMI), serum levels of albumin, C3, C4, CH50 and B2-microglobulin
(B2MG)),and also estimates of renal function (weekly residual renal
clearance of creatinine (CCre) and weekly residual renal clearance
of urea (Kt/V urea)). Dialysate-to-plasma creatinine concentration
ratio (D/P Cre) was obtained by peritoneal equivalent test to eval-
uate peritoneal function (Twardowski, 1990).

2.3. Cell culture of a human mesothelial cell line

A human mesothelial cell line (Met-5A), derived from pRSV-T-
transfection of cells from pleural fluid of noncancerous patients,



304 Y. Sei et al. / Molecular Immunology 65 (2015) 302-309

was purchased from the American Type Culture Collection (ATCC,
Manassas, VA) and maintained according to ATCC guidelines,

2.4. Harvest of omentum specimens and primary culture

Normal mesothelial cells were prepared from omentum {is-
sue harvested from unaffected sites in 3 CKD patients who had
early stage (stage 1) gastric tumors resected by laparotomy or
faparoscopic surgery (Japanese Gastric Cancer Association, 2011),
Human omentum mesothelial cell (HOMC) culture was performed
as previously reported (Stylianou et al, 1990) with small modi-
fications. Dissected omentum was digested twice sequentially for
15 min at 37 °C with trypsin (0.25%)/EDTA (1 mM) (Gibco®, Thermo
Fisher Scientific, Waltham, MA), Released cells were harvested and
washed once; cells were resuspended in 4mL M199 medium with
15% FBS (Sigma-Aldrich), plated into type 1 collagen coated 60 mm
dishes (IWAK], Tokyo, Japan) and incubated at 37 C° for 7 days. We
characterized primary cultures of human mesothelial cells by stain-
ing with relevant antibodies (Supplementary Fig. A). All in vitro
experiments used passage 2 human mesothelial cells except for
preliminary studies in Supplementary Figures.

2.5. Primary culture mesotheltal cells in ESRD-patients on PD
from the dwelling lavages

Human peritoneal mesothelial cells (HPMC) were obtained by
centrifugation of overnight-dwell PD fluid taken randomly from
clinically stable patients using methods described previously (Bot
et al., 2003; Connel and Rheinwald, 1983; Mizutani et al,, 2010).
These PDF samples were harvested from PD patients who had
not suffered with infectious peritonitis for at least 3 months
prior to harvesting PDF. Briefly, HPMC were isolated using low
speed (200 x g) centrifugation, washed with RPMI 1640 (Sigma-
Aldrich) and then cultured in RPMI 1640 containing 1-glutamine
(Sigma-Aldrich) supplemented with 15% FBS (Sigma-Aldrich),
insulin/transferrin/selenium A (Invitrogen, Tokyo, Japan), 1075 M
2-mercaptoethanol (Wako, Osaka, Japan) and 400 p.g/L Hydrocor-
tisone (Sigma-Aldrich) in humidified air with 5% CO; at 37°C. The
cells reached confluence in 7-10 days, and were split two to three
times and second passage cells were used for the following exper-
iments.

2.6. Immunohistochemistry for characterization of primary cell
cultures and for detection of CRegs in peritoneal tissues

Primary cultured mesothelial cells fixed with Methanol/acetone
(viv=1/1) (Ito et al, 2000) were stained with mouse anti-
cytokeratin, mouse anti-CD68, mouse anti-a-smooth muscle actin
(«SMA) or mouse anti-human (D31, followed by incubation with
FITC-labeled rabbit anti-mouse Ig. ZO-1 was detected using rabbit
anti-Z0-1 followed by incubation with FITC-labeled goat anti-
rabbit IgG mixed with DAPI (49-6-diamino-2-phenylindole-2 HCl,
100ng/ml final concentration; Sigma-Aldrich) for counterstaining
of nuclei.

To observe CReg expression in peritoneum, we used de-
paraffinated peritoneal sections with well-preserved mesothelial
cell layer from a male patient on short term PD therapy. Briefly,
paraffin-embedded sections were de-waxed in xylene, re-hydrated
and washed in PBS, Endogenous peroxidase activity was blocked
using 0.3% hydrogen peroxide in PBS, and nonspecific protein-
binding sites were blocked with normal goat serum. Sections
were then incubated with anti-human CD46, CD55 or CD58, fol-
lowed by polyclonal goatanti-mouse 1gG antibody, and horseradish
peroxidase-labeled polymer (Histofine® Simple Stain Max-PO (M),
Nichirei Biosciences, Tokyo, Japan). Enzyme activity was detected

using 3,3-diaminobenzidine tetrahydrochloride liquid system.
Counterstaining was performed with hematoxylin.

2.7. Fluorescence-activated cell sorting (FACS) analysis for
expression of CRegs in human peritoneal mesothelial cells and
circulating neutrophils

To detect the expression of CD46, CD55 or (D59 in human
mesothelial cells, the primary culture cells were firstly incubated
with mAb ]4-48, 1C6 or 1F5, respectively, or mouse IgG1 as an
isotype-matched control, followed by incubation with FITC-anti
mouse IgG.

To analyze expression of CRegs in peripheral neutrophils of PD
patients, blood of 23 consented patients were taken into EDTA-
2K (BD Vacutainer™ blood collection tubes, Becton, Dickinson
and Company, Franklin Lakes, MJ) and hemolysis was performed
with ACK lysing buffer (GIBCO®) according to the manufacturer's
instruction. Briefly, 500 pL of harvested blood and 6mL of ACK
lysing buffer were mixed and left at room temperature for 5min,
then centrifuged at 1300 rpm for 5 min. After removal of the super-
natant, the pellet, which mainly contained white blood cells, was
suspended in 4mL of PBS with 0.5% bovine serum albumin (v/v).
After another centrifugation at 1300rpm for 5min at room tem-
perature, the pellet was adjusted as 0.4 x 108 mL~1 and incubated
with anti-human CD46, CD55 or (D59 mAb, followed by incubation
with FITC-labeled goat anti-mouse 1gG (Jackson ImmunoResearch
Laboratories, West Grobe, PA). To detect neutrophils, samples were
incubated with PE-labeled anti-human CD16b or PE-mouse IgG2ak
as a control antibody (data not shown).

To eliminate the effects of dead cells, cells were stained with
2.5 uL of 7-aminoactinomycin D (7-AAD; BD pharmingen™, San
Jose, CA)and incubated for 10 min onice in the dark. The neutrophil
populations were obtained by gating based on a plot of FSC/SSC
versus a plot of SSC/CD16 (Gopinath and Nutiman, 1997). The mean
fluorescence intensity (MFI) of CReg was evaluated under FACS
analysis on a BD FACS-Canto™ II (Becton Dickinson, San Jose, CA).
The experiments were repeated 3 times using independent HMPC
for each patient within 8 weeks. The mean fluorescence infensity
(MFI) of each CReg expression was evaluated by FACS analysis. Each
value of MFI (average MFI) was the mean MFI of three independent
experiments for each patient. For reproducibility, we calibrated
the cytometer with the Spherotech 8 Peak Validation Beads (BD
phramingen™, BD biosciences).

2.8. Polymerase chain reaction and expression of mRNA of (D55
in human mesothelial cells

RNA was prepared from cultured cells using the RNeasy Mini
Kit (Qiagen), and first-strand cDNA was synthesized using the High
Capacity Reverse Transcription Kit (Applied Biosystems, Foster
City, CA), according to the manufacturers’ instructions. Total RNA
(1 ug) was then reverse transcribed. To validate gene expression
changes, quantitative real-time reverse transcription-polymerase
chain reaction (RT-PCR) analysis was performed with an Applied
Biosystems Prism 7500HT sequence detection system using Tag-
Man gene expression assays for human CD55 (Hs00167090-m1),
human €3 (Hs00163811-m1) and 18S ribosomal RNA (4319413E)
according to the manufacturer's specifications (Applied Biosys-
tems, Foster City, CA). The thermal cycler conditions were as
follows: hold for 10min at 95°C, followed by two-step PCR for
40 cycles of 95°C for 155 and 60°C for 1 min. All reactions were
performed in duplicate. Amplification data were analyzed with
Applied Biosystems Sequence Detection Seftware version 1.4.1
(Applied Biosystems). 188 ribosomal RNA was used as an endoge-
nous control.
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2.9. Enzyme-linked immunosorbent assay (ELISA) for
measurements of human sC5b-9, (3, (4, IL-6 and carcinogenic
antigen 125 (CA-125) in PDF

To measure levels of human sC5b-9 in PDF, MicroVue™ SC5b-
9 plus EIA kit {Quidel Co, San Diego, CA) was used. Levels of
human C3 and C4 in PDF were measured by Assay Max ELISA kits
(Assaypro LLC, St. Charles, MO) and levels of IL-6 and CA-125 in
PDF were measured by Quantikine® ELISA (R&D systems®, Min-
neapolis, MN), respectively. Total protein amounts in PDFwere also
measured by BCA protein assay reagent (Thermo Fisher Scientific).
All ELISA assays and measurement of protein amounts were per-
formed according to the manufacturer's instructions. All samples
were measured in duplicate and the mean value was used. Each
value was adjusted for total protein level in the PDF according to
the following formula:

Adjusted level of sC5b-9 (pg/mg), C3 (pg/mg), C4 (pg/mg), IL-
6 (U/mg) or CA125 (pg/mg) in PDF={(level of sC5b-9 (pg/mL).
C3 (pg/mL), C4 (ug/ml), IL-6 (U/mL) or CA125 (pg/ml) in
PDF)/(protein level in PDF (ug/mL)}} x 1000,

2.10. Functional assay of C activation on human mesothelial cells
(HPMC)

To confirm whether a decrease of human mesothelial CRegs
expression altered susceptibility to complement attack, we inves-
tigated the degree of C activation by normal human serum (HS)
on HPMC isolated from both low- and high-expressing patients.
Briefly, 2 x 105 HPMCs were plated on type | collagen-coated cover
glass (12 mm diameter, Iwaki, AGC techno glass, Shizuoka, Japan)
and cultured in 12 well plastic plates (BD Falcon™, BD biosciences,
Bedford, MA). HPMC-coated cover glasses were incubated in RPMI
1640 medium with HS or with heat-inactivated HS (56°C for
30min) for 60min at 37 *C (Mizuno et al, 2004, 2013). To detect
(3 fragment deposition on mesothelial cells, the cover glasses were
fixed with acetone at room temperature and incubated with FITC-
labelled pc rabbit anti-human C3c, Cells were double-stained with
DAPI (Sigma-Aldrich) to facilitate cell counting. The concentration
of HS was adjusted from 0 to 7.5%; the same amount ofheat-inactive
HS was used as a negative control. Total and C3b-coated cells were
counted in 10 randomly selected felds under x200 magnification,
and the C3b deposition was calculated according to the following
. formula:

Deposition of C3b (%)

=number of 3b-coated cells/total number of cells x 100

The experiments above were independently repeated three
times from different sources of HPMCs.

2.11. Statistical analysis

All values are expressed as the mean £ SD. Statistical analysis
was performed by one-factor ANOVA, Correlations were assessed
by linear regression. When significant differences were present,
data were further analyzed using the Wilcoxon test between two
groups. Comparisons between two groups for differences of CRegs
expression of HPMC passages, of dwell times, of kinds of PDF, of col-
lection timing of PDF and of C3b deposition were performed using
paired Student’s t-test. Correlation coefficients were calculated by
Pearson correlation analysis. p Values of <(.05 (5% ) were considered
to be statistically significant. All analyses were performed using
IBM SPSS Statistic 20 software (Armonk, NY).
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Fig. 1. Levels of sCab-9 in peritonedl dialysate (PDF} were correlated with values of
dialysate-to-plasma creatinine concentration ratio (D/P Cre) in the PD patients. In fifty
POF samples, levels of sC5b-9, adjusted for protein levels, were significantly corre-
fated with D/P Cre values.

3. Results

3.1. Correlation between levels of sC5b-9 in PD fluids and D/P Cr
in BD patients

We measured levels of sC5b-9, adjusted by protein levels
{adjusted sC5b-9), in 50 overnight dwell PDF samples from 38 PD
patients randomly selected to investigate correlations of their clin-
ical status. Levels of adjusted sC5b-5 were significantly correlated
with values of D/P Cre (Fig. 1), but not with age, gender, diabetes
(DM)/non DM and usage of icodextrin (data not shown).

3.2. Expression of CRegs, CD46, CD55 and CD59 is abundant in
human mesothelial cells in peritoneum

Expression of (D46, (D55 and (D39 was strongly observed in
mesothelium along peritoneal surface and vessels in sub-peritoneal
tissues (Fig. 2). The distribution pattern of CD55 and CD59 was simi-
lar to that observed in rat peritoneum (Mizuno et al,, 2009). Of note,
CD46 was not present in rat peritoneum as expression is restricted
to male reproductive tissues (Mizuno et al,, 2004).

CReg expression was evaluated in human mesothelial cell line
(Met-5A cells) and primary cultured mesothelial cells from non-
ESRD omentum (HOMCs) of 3 non-CKD patients and from PD fluid
(HPMCs)of 31 PD patients. Both HOMCs and HPMCs were positively
stained by anti-cytokeratin and anti-Z0O-1, but not by anti-CD31,
anti-CD68 and aSMA, supporting characteristics of mesothelial
cells (Supplementary Fig. A). CRegs CD46, CD55 and CD59, were
abundantly expressed in HPMCs, HOMCs and the mesothelial cell
line Met-5A cells (Fig. 2), supporting strong expression of CRegs in
human peritoneurn. Comparison of expression of CRegs between
HPMCs and HOMCs showed that expression of CD55 and CD59 in
HPMCs was lower than in HOMCs, but expression of CD46 in HPMCs
was slightly higher than in HOMCs (Fig. 2H).

3.3. Expression of mesothelial CRegs is independent of dwell time,
PD fluid composition or passage number

To investigate stability of CRegs" expression in HPMCs, we com-
pared expression of CRegs on HPMCs harvested from 4-h and
overnight PDF from selected ESRD patients; there was no signif-
icant difference between these two groups (Supplementary Fig,
B3). HPMCs expression of CRegs were not different between neutral
dextrose PD fluid and icodextrin PD fluid (Supplementary Fig, B2).
HPMCs expression of CRegs was stable between primary, second
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Fig. 2. Membrane complement regutators CD46, CD55 and CD5S. are abundantly distributed in human peritoneal tissues, Met-5A cells and on mesothelial cells from omentum
(HOMC) of nan-end stage renal disease (ESRD) patients. Expression of CD46, CD55 er CD59 was analysed on 31 hurnan primary culture of mesothelial cells (HPMCs) of ESRD
patients on PD therapy and 3 HOMCs. Frames A, B and C show staining by anti-CD46, anti-CD55 and anti-CD58, respectively. CD46, CD55 and CDS59, were abundantly
observed in mesothelial cells along the peritoneal surface. Distribution of these CRegs in vessels was as observed in other tissues. Frame D shows negative control stained
by iso-type-matched mAD. Blue arrows indicates positive-staining and * shows side of peritoneal surface. Original magnifications are x630, and scale bar is the upper left
corner of (A). Two-times magnified mesothelial cells from the original photos are shown on the upper right side of A, B, Cand D. Insets (A, B, C) of the lower right side shows
distribution of CRegs in vessels. Frames E, F and G show histograms of expression, CD46, CD55 and €D58 by flow cytometric analysis in Met-5A cells (solid line) and primary
cultured mesothelial cells from non-ESRD omentum (HOMC, dotted line), respectively. Expression of CD46, CD55 and CD59 are similar between on Met-5A cells and HOMC.

Graph H shows comparisons of CRegs between HOMCs and HPMCs.,

passage and third passage cells from 5 selected PD patients (Sup-
plementary Fig. B1). CRegs expression was also consistent at two
different time points; the first harvest and a second harvest 6 or 8
weeks later (5 selected PD patients; Supplementary Fig. B4).

3.4. Expression of mesothelial CRegs did not correlate with any
clinical laboratory data other than expression of CD55 which
inversely correlated with D/P Cre values

There were no statistically significant differences in expres-
sion of CD46, CD55 and CD59 in HPMCs between patients grouped
according to gender, DM status or PDF type. Expression did not
correlate with age, duration of PD therapy, BMI and serum level of
albumin. Serum creatinine levels, residual weekly Kt/V and resid-
ual weekly CCre as measures of residual renal functions were not
correlated with expression of CD55 and CD59 in mesothelial cells.
Expression of CD46 in HPMC was weakly correlated with serum

(average WD) <5(.wnragn Urt)

level of CCre {p=0.038} and residual weekly Kt/V (p=0.041). There
was no significant relationship between serum CH50 or C3 and C4
levels and expression of CD46, CD55 and CD59 in HPMC,

Expression of CD55, but not CD46 and CD59, was significantly
inversely correlated with D/P Cre (Fig. 3A-C), therefore we focused
on CD55 in the following analysis.

3.5. Levels of sC5b-8, (3, and C4 in PDF inversely correlate with
expression of CD55 at the protein and mRNA levels in human
mesothelial cells

Levels in PDF of sC5b-9, but not C3 or (4, were significantly
correlated with mesothelial cell expression of CD55 protein in the
31 ESRD patients on PD therapy (Fig. 4A-C).

Levels of ]L-6 and CA125 in PDF were not correlated with expres-
sion of CD55 in mesothelial cells in the 31 ESRD patients on PD
therapy (Fig. 4D and E). Of note, the level of C3 in PDF was not
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Fig. 3. Correlation between expression of membrane complement regulators, CD46, CD55 and CD59 and dialysate-to-plasma creatinine concentration ration (D/P Cre). Graphs A, B
and C show the correlation between value of DJP Cre and expression of CD46, CD55 and CD59. BfP Cre and expression of CD55 are significantly correlated.
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Fig. 4. Mesothelial expression of CD55 in HMPCs correlated with levels of sC5b-8 in PDF, but not levels of C3, C4, IL-6 und CA-125 in PDF; protein level of (D535 correlated with mRNA
fevels in HMPCs. Graphs A, B, C, D and E show correlations of CD55 expression in HMPC for levels of sC55-8, C3, C4, 11-6 and CA125 in peritoneal dialysate (PDF), respectively.
Expression of CD55 in HMPC was inversely correlated with levels of sC5b-9 in the PDF (A}. The others were not correlated with expression of CDS5 in mesothelium. The
correlation between serum and PDF of {3 was not observed (F), but there was a weak correlation between serum and PDF C4 (G). Significant correlation of CDS5 expression
between protein and mRNA is observed in HMPC (H). Protein Jevel of C3 in PDF did not correlate with mRNA level

correlated with serum C3 level (Fig. 4F) although PDF level of C4
weakly correlated with serum C4 level (Fig. 4G).

When we compared protein expression of CD55 with the mRNA
in HPMCs of 31 ESRD patients on PD therapy using RT-PCR, expres-
sion of CD55 protein on HPMCs was strongly correlated with level
of the mRNA of CD55 (p <0.0001, Fig. 4H). The mRNA level of C3 in
HMPCs did not correlate with levels of C3 in PDF (Fig. 4I) or with
CD55 expression in HMPCs (data not shown).
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To investigate systemic expression of CD46, CD55 and CD59, i & %
peripheral leukocytes were harvested from 23 of 31 PD patients 240 4
and neutrophils were analysed by gating based on a plot of FSC/SSC 220 -
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(Supplementary Fig. C).

3.7. HPMCs with lower CD55 expression are more susceptible to
complement activation

We selected a PD patient with lower HPMCs expression of CD55
(patient 1) and another with high expression of CD55 (patient 2)
(Fig. 5). Significantly more C3b deposition was observed on HPMC
from the patient with lower expression of CD55 on incubation with
3.5% and 7.5% HS (Fig. 5D).

4. Discussion

Because we observed significant correlation between levels of
the C activation product, sC5b-9, in PDF and D{P Cre values as a
peritoneal function, we hypothesized that peritoneal modifications

MR [sotype control
— Pationt t
-~ Patient 2

Fig. 5. Comparison of complement activation in primary cultured mesothelial cells
(HPMCs) expressing low and high levels of CD55. The histograms A, B and C show
expression of (D46, CD55 and CD59 in HPMCs, respectively, Graph D shows C3b
deposition following incubation with normal human serum and with the heat-
inactivated serum using HPMC with lower CD55 expression {patient 1: DfP Cre 0.59)
and higher CD55 expression (patient 2: D{P Cre 0.87). In the histograms A, B and C
and graph D, solid and dotted lines show patient 1 and patient 2, respectively,

affecting CReg expression might accur in PD patients. We first con-
firmed that three CRegs, CD46, CD55 and CD59, are abundantly
expressed by mesothelial cells of human peritoneum. Mesothelial
expression of CD55, but not CD46 and CD58, correlated with D/P Cre
as a predictor of peritoneal functien in ESRD patients on PD therapy.
Expression of CD55 in circulating neutrophils was not correlated
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with D/P Cre, suggesting a local effect in the peritoneum indepen-
dent of systemic expression of CD55. In mesothelial cells, levels of
CD55 protein were strongly correlated with mRNA level of CD55. In
a functional study we observed increased C3b deposition on HPMC
with lower expression of CD55, supporting the concept that altered
CD55 expression might be associated with impairment of regu-
lation of C activation in peritoneal cells. These results suggested
that PD therapy might affect expression of the CD55 in peritoneal
mesothelium of PD patients accompanied with regulation at the
mRNA level, thus the C system might be more easily activated in
peritoneum due to decreased control.

Although levels of sC5b-9 in PDF were inversely correlated with
expression of CD55 in HPMCs, levels of C3 or C4 in PDF were not.
A previous report demonstrating that mesothelial cells produce C3
and C4 in vitro (Tang et al,, 2004) supports our observation that C3
and C4 present in the peritoneum might be mainly delivered from
mesothelial cells. The large molecular size (>1000kDa) of sC5b-
9 also indicates that it is unlikely to be delivered from the host
circulation (Greenstein et al, 1995; Mizutani et al, 2010; Young
et al., 1993). These findings suggest that sC5b-9 detected in PDF is
produced in the peritoneal cavity and is retained there. Of note, C3
levels in PDF were not correlated with serum levels, although C4
levels weakly correlated in serum/PDF, suggesting the alternative
pathway might be the dominant activation route in the peritoneal
cavity. Our data indicate that there is no direct correlation between
D55 levels and C3 mRNA levels.

Basic clinical data and residual renal function did not impact
mesothelial expression of CD55 and CD59 in peritoneum of PD
patients. Levels of IL-6 and CA125 in the PDF did not correlate with
expression of CD55 in the HPMC although these parameters in PDF
are well-known as valuable markers of mesothelial cells associated
with inflammation and cellular activity in PD patients (Hurst et al,
2001; Szeto et al, 2007).

Expression of CRegs is important to maintain homeostasis in the
host (Mizune and Morgan, 2004), Imbalance of activation and sup-
pression of C regulation can trigger pathogenesis in various tissues
{(Mizuno and Morgan, 2004). Altered CRegs expression has been
reported in some injured tissues such as glomeruli (Mizuno et al.,
2007) and in tumors such as breast cancer and gastrointestinal
tumor (tkeda ef al,, 2008; Li et al, 2001; Schmitt et al, 1999). In
the peritoneum during PD therapy, it was reported that produc-
tion of C components was enhanced in mesothelial cells and some
modification of CD59 expression was found (Barbano et al,, 1999).
We previously demonstrated that CRegs played key roles to regu-
late C activation in normal and injured peritoneum in rats and that
decreased expression of CRegs induced under low pH condition was
a factor in damage caused by bio-incompatible PDF (Mizuno et al.,
2009, 2011, 2012). Current and past reports show that modification
of CD55 expression in mesothelial cells is induced by PD therapy,
PDF and/or exposure to PD catheters, peritonitis and uremic toxins.

Roles of the € system in the peritoneum may include opsoniza-
tion to scavenge microorganisms and cell fragments in order to
maintain host homeostasis; impairment of C-mediated opsoniza-
tion exacerbates infectious peritonitis (Celik et al., 2001; Drevets
and Campbell, 1991; Leenderise et al, 2010; Tang et al,, 2004).
Exposure to PDF may impair opsonization as a peritoneal defense
mechanism (Kazanciogly, 2009). Possibly, decreased expression of
(D55 in mesothelial cells of PD patient is a host defense response
to facilitate C activation and opsonization in the peritoneal cavity.
Lower expression of CD55 was accompanied by higher periton-
eal levels of sC5b-9, a product of C activation in peritoneum.
In contrast, expression of another (3 level CReg, (D46, and of
the terminal pathway regulator CD59, were not correlated to
D{P Cre.

Our results suggest that PD therapy modifies expression of
(D55 in mesothelial cells of peritoneum and that (D55 levels

are indicative of peritoneal function. Limitations in the present
study include the relatively small sample size, focus on stable
PD cases and the use of a cross-sectional protocol. Moreover, it
remains unclear whether HPMCs directly reflect the status of resi-
dent peritoneal mesothelium; we analyzed expression of CRegs in
the primary cultured mesothelium because we could not directly
estimate CRegs expression in human peritoneum. We could not
clarify the causes of altered expression of CD55; we plan future
studies that will analyze larger populations to support results and
to investigate changes of CRegs according to the time course of PD.
In addition, it will be important to clarify which PD factors affect
expression of CRegs in mesothelial cells in PD patients.
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