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Expression of heat shock proteins 47 and 70 in the peritoneum
of patients on continuous ambulatory peritoneal dialysis
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Expression of heat shock proteins 47 and 70 in the peritoneum
of patients on continuous ambulatory peritoneal dialysis.

Background. Peritoneal sclerosis, characterized by collagen
accumulation, is a serious complication in continuous ambula-
tory peritoneal dialysis (CAPD) therapy. Heat shock protein
47 (HSP47) is a collagen-specific molecular chaperon and is
closely associated with collagen synthesis.

Methods. We determined the expression of HSP47 and HSP70
(nonspecific for collagen synthesis) by immunohistochemistry
in peritoneal tissues of patients on CAPD. The tissue for colla-
gen 111, a-smooth muscle actin (a-SMA), and CD68 (a marker
for macrophages) were also stained. Thirty-two peritoneal sam-
ples were divided into three groups (group Al, 11 patients
who had no ultrafiltration loss; group A2, 9 patients who had
ultrafiltration loss; and group B, 12 specimens who had end-
stage renal disease prior to induction of CAPD.

Results. In group B, staining for HSP47, HSP70, and colla-
gen IIT in peritoneal tissues was faint, and only a few cells were
positive for a-SMA and CD68. In contrast, HSP47, HSP70,
and collagen III were expressed in areas of thickened connec-
tive tissues in fibrotic peritoneal specimens of CAPD patients.
The expression level of HSP47, HSP70, collagen III, and
a-SMA and the number of CD68-positive cells in group A2
were significantly higher than those in groups Al and B. HSP47/
HSP70-positive cells were mesothelial cells, adipocytes, and
a-SMA-positive myofibroblasts. Furthermore, the expression
level of HSP47 was significantly higher in peritoneal specimens
from patients with refractory peritonitis than without it and
was significantly higher in patients with more than 60 months
of CAPD therapy than that in patients with less than 60 months
of CAPD.

Conclusion. Our results indicate that CAPD therapy may
induce HSPs in the peritoneal tissue, and that peritonitis in
CAPD patients may be associated with the progression of
peritoneal sclerosis at least through HSP47 expression and
chronic macrophage infiltration. Our data also suggest that the
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progression of peritoneal sclerosis in such patients is associated
with deterioration of peritoneal ultrafiltration function.

Continuous ambulatory peritoneal dialysis (CAPD)
has been used in the treatment of end-stage renal failure
during the last two to three decades. Peritoneal sclerosis
was first described in 1980 [1] and is one of the most
important complications of CAPD therapy. Especially,
some patients develop encapsulating peritoneal sclerosis
(EPS), a condition associated with high mortality [2, 3].
Although it is still uncertain whether EPS is an advanced
stage of peritoneal sclerosis, the characteristic pathologi-
cal feature of EPS is marked peritoneal sclerosis [2].
Peritoneal sclerosis usually occurs in patients who have
been on peritoneal dialysis for several years [2], but it
occasionally develops in patients who have been on
CAPD for as little as six months [4]. One of the character-
istic pathological features of peritoneal sclerosis is a mas-
sive accumulation of collagen; however, the mechanism
of development and the progression of peritoneal sclero-
sis remain to be elucidated. Clinically, loss of ultrafiltra-
tion is one of the most important problems in patients
with CAPD. The relationship between morphological
changes in the peritoneum of CAPD patients and ultra-
filtration loss is also unclear.

Heat shock proteins (HSPs) are synthesized under
various forms of stress and are important in various phys-
iological and pathological processes [5]. HSPs are molec-
ular chaperones responsible for protein processing and
protection against cellular injury by preventing inappro-
priate peptide interaction. Recent studies have demon-
strated that one HSP, a 47 kd HSP (HSP47), is involved
in collagen production. HSP47 is a collagen-binding stress
protein [6] and acts as a collagen-specific molecular chap-
erone during the synthesis and/or secretion of procolla-
gen [7]. Using Northern blotting, Masuda et al showed
that the level of HSP47 mRNA correlated with that of
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collagen type I and type IIIl mRNAs during the progres-
sion of rat experimental liver fibrosis [8]. Moreover, using
in situ hybridization, they also demonstrated that the
distribution of HSP47 mRNA was similar to that of colla-
gen type I and type III mRNAs in the model of liver
fibrosis [8]. Similarly, in several renal diseases, including
renal interstitial fibrosis induced by unilateral ureteral
obstruction [9], experimental mesangial proliferative
glomerulonephritis [10], age-related nephropathy [11],
gentamicin nephrotoxicity [12], and human transplanted
kidney with fibrosis (abstract; Abe et al, J Am Soc
Nephrol 8:718A, 1997), the expression of HSP47 also
correlates with the degree of collagen expression. Fur-
thermore, Sunamoto et al showed that antisense oligonu-
cleotides for HSP47 inhibited collagen synthesis in exper-
imental mesangial proliferative glomerulonephritis
induced by anti-Thy-1 antibody [13]. These findings sug-
gest that HSP47 probably plays an important role in
collagen synthesis in various disorders.

Like several other HSPs, HSP70 is induced by heat
shock, hyperthermia, ischemia, toxic chemicals, and
other environmental stresses, as well as during normal
cell growth [6]. It acts as a molecular chaperone that
mediates the correct assembly and localization of pro-
teins [14]. HSP70 has a different inducible regulatory
mechanism from HSP47 [15] and is not associated with
collagen synthesis. To date, there are no data on the
expression of HSP47 and HSP70 in the peritoneal cavity.

In this study, using immunohistochemistry, we exam-
ined the expression of HSP47 and HSP70 in human peri-
toneal specimens from patients on CAPD. To our knowl-
edge, this is the first report that shows that peritoneal
fibroblasts express HSP47 and that the expression level
of HSP47 appears to correlate with the degree of perito-
neal sclerosis.

METHODS
Patients

Thirty-two individuals were examined in this study
(Tables 1 and 2). Twenty peritoneal biopsies were ob-
tained from patients in whom CAPD had been discon-
tinued. The clinical data of these patients are summa-
rized in Table 1. CAPD patients were divided into two
groups according the presence or absence of ultrafiltra-
tion loss: group Al (N = 11), representing those without
ultrafiltration loss, and group A2 (N = 9), representing
those with ultrafiltration loss. CAPD was discontinued
in patients of group Al because of renal transplantation,
abdominal operation, or the refractory or recurrent in-
fectious peritonitis. “Recurrent” and “refractory” perito-
nitis were defined according to the recent report of Pira-
ino [16]. Recurrent peritonitis was defined as a second
episode of peritonitis caused by an organism identical
to that causing the first episode within two weeks of

discontinuation of antibiotics. Refractory peritonitis was
defined as an episode associated with no clinical im-
provement five days after the commencement of appro-
priate antibiotic therapy. CAPD was also discontinued
in patients of group A2 because of ultrafiltration failure.
One patient (number 14) of group A2 developed EPS
with ileus. Serum levels of C-reactive protein were nega-
tive at the time of peritoneal biopsy in patients with
recurrent or refractory peritonitis episodes. The mean
duration of CAPD therapy in group Al (53.5 = 40.8
months, = SD) was not different from that of group A2
(78.8 = 35.0 months). The mean age of patients of groups
A1l (50.8 = 15.2) was not different from that of group
A2 (50.9 = 11.9 years). The mean number of episodes
of peritonitis in group A1l during CAPD therapy (3.4 =
3.4) was not different from that of group A2 (3.2 = 0.8).
Table 2 shows the glucose concentration in dialysate
used in our patients. Peritoneal equilibration test (PET)
was performed in nine patients. Four of nine patients of
group A2 showed type I membrane failure, and 5 of 11
patients in group Al showed below average in PET.

Twelve peritoneal specimens obtained from the site
of insertion of the catheter for CAPD therapy prior to
CAPD were used as control (group B; Table 3). The
mean age of patients of group B was 46.0 = 13.7 years,
which was not significantly different from that of group
A. None of the patients in group B had previously been
on peritoneal dialysis or hemodialysis. The serum albu-
min level was 3.50 = 0.38 mg/dL, 3.17 £ 0.77 mg/dL and
3.74 = 0.25 mg/dL in groups A1, A2, and B, respectively.
The level of serum albumin in group A2 was significantly
lower than in group B (P < 0.05).

The study protocol was approved by the Human Ethics
Review Committee of Nagasaki University School of
Medicine, and a signed consent form was obtained from
each subject.

Tissue preparation

Biopsy specimens were carefully obtained from the
parietal peritoneum at the border of the anterior abdom-
inal wall incision in elective or catheter-related opera-
tion, as described by Suassuna et al [17]. Harvested tis-
sues were fixed with 10% formalin and were embedded
in paraffin.

Immunohistochemistry

Paraffin-embedded tissue sections (4 wm thick) were
stained immunohistochemically using the avidin-biotin
complex kit (Vectastain Elite ABC KIT; Vector Labora-
tories, Burlingame, CA, USA). Deparaffinized tissue sec-
tions were reacted with the following primary antibodies:
a monoclonal antibody against mouse HSP47 (StressGen,
Victoria, Canada), which reacts with human HSP47 [18];
monoclonal antibody against human a-smooth muscle ac-
tin (a-SMA; Dako, Glostrup, Denmark), used as a marker



Shioshita et al: HSP47 and HSP70 in peritoneal sclerosis 621

Table 1. Clinical data of group A patients treated with continuous ambulatory peritoneal dialysis

Duration No. of UF BUN Cr TP Alb
of CAPD Causes of catheter episodes of volume
No. Agelsex months removal peritonitis mLl/day mgldL

Group Al

1 30/F 16 renal transplantation 0 1,000 47.5 9.2 6.1 39

2 36/M 31 renal transplantation 0 1,400 27 2.7 52 34

3 54/M 18 abdominal operation 1 1,000 64 7.9 5.8 3.5

4 70/F 67 recurrent peritonitis 8 1,200 71 12.2 6.9 3.6

5 60/M 64 cerebral infarction 3 700 36 6.8 6.1 3.4

6 60/F 20 tunnel infection 0 1,000 43 14.2 5.1 2.6

7 77M 160 refractory peritonitis 2 1,000 24 7.2 5.5 3.1

8 39/'M 53 tunnel infection 5 1,000 91 112 5.6 3.7

9 40/M 66 recurrent peritonitis 8 800 57 10.9 6.6 3.8

10 55/F 62 tunnel infection 2 900 33 52 5.9 3.7

11 38/M 31 tunnel infection 5 1,000 69 12.5 5.8 3.8
Group A2

12 41/F 49 UF loss 2 470 81 9.9 6.1 3.1

13 42/F 88 UF loss 3 300 71 11.6 5.9 31

14 44/F 88 UF loss 3 0 70 4.5 4.6 2.8

15 75/M 59 UF loss® 2 400 68 9.3 6.1 3.1

16 50/M 60 UF loss® 4 0 40 9.1 54 2.9

17 40/M 38 UF loss 4 450 89 11.9 8.1 5.1

18 47/F 132 UF loss 4 300 47 6.5 5.9 2.9

19 55/M 60 UF loss® 4 300 107 11.1 5.6 2.3

20 64/M 135 UF loss 3 400 42 10.1 6.6 32

Age is in years. The cause of CRF was chronic glomerulonephritis in all patients. Abbreviations are: UF loss, ultrafiltration loss; TP, total protein; Alb, serum

albumin.
2 These group A2 patients had refractory or recurrent peritonitis episodes

Table 2. Glucose concentration of dialysate and results of the
peritoneal equilibration test (PET) in group A patients

CAPD menu

glucose concentration (%),

PET category
volume (L), X times N o

D/D0 D/Pc,
Group Al

1 1.5,2 x4 LA LA

2 1.5,2 X3/2.5,2 X1 L L

3 1.5,2 X3/2.5,2 X1 L L
4 1.5,2 X2/2.5,2 X2 LA LA
5 1.5,2 X2/2.5,2 X2 LA LA
6 1.5,2 X3/2.5,2 X1 NA NA
7 1.5,2 X3/2.5,2 X1 NA NA
8 2.5,2 X4/1.5,2 X1 NA NA
9 25,15 x4 NA NA
10 1.5,2 X2/2.5,2X2 NA NA
11 25,2 x4 NA NA

Group A2

12 1.25,2 X2/4.25,2 X2 HA H
13 25,2 X4 HA HA
14 4.0,2 x4 NA NA
15 25,2 X4 HA HA
16 25,2 X4 HA HA
17 2.5,2 X4/1.35,2 X1 NA NA
18 25,2 x4 NA NA
19 2.5,2 X4/1.5,2 X1 NA NA
20 2.5,2 X2/4.25,2 X2 NA NA

Abbreviations are: D/DO0, 4 h/0 h dialysate glucose concentration ratio; D/PCr,
dialysate/plasma creatinine ratio; L, low; LA, low average; HA, high average; H,
high; NA, not available.

for myofibroblasts [19]; monoclonal antibody against
CD68 (Dako), used as a marker for macrophages/mono-
cytes; and monoclonal antibody against human type III
collagen (Fuji Chemical Co., Tokyo, Japan). Because
several HSPs are expressed in a variety of tissues under
various forms of stress, we also stained the tissues for
HSP70 using a monoclonal antibody against HSP70
(StressGen). Negative control studies were performed
by using irrelevant monoclonal antibodies of the same
subclass, nonspecific mouse IgGl (Dako) and IgG2
(Dako) instead of primary antibodies, which showed no
positive cells (data not shown).

To identify myofibroblasts among the population of
cells positive for HSP47 in peritoneal specimens, double
immunolabeling for HSP47 and a-SMA was performed
with some modification using the methods described by
Furusu et al [20]. Briefly, deparaffinized peritoneal sec-
tions were incubated with blocking serum and anti-a-
SMA antibody. Then the sections were washed with
phosphate-buffered saline and incubated with the biotin-
ylated antimouse antibody. After washing, sections were
incubated with alkaline phosphatase-conjugated avidin
(Vector), following a reaction with BCIP/NBT (Dako).
Cells positive for a-SMA were stained in blue color.
After staining for a-SMA, tissue sections were stained
for HSP47 using the avidin-biotin complex kit, as de-
scribed earlier in this article. HSP47 protein was stained
brown.

To estimate the signal intensity for each protein semi-
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Table 3. Clinical data of group B patients treated with continuous ambulatory peritoneal dialysis

BUN Cr TP Alb
Age Cause of
Case no. years Sex CRF mgldL
1 24 F CGN 57 8.2 6.0 39
2 24 M CGN 70 8.7 5.4 3.5
3 41 M CGN 71 8.1 6.2 3.8
4 60 M CGN 67 10.1 5.6 3.8
5 64 M NS 71 7.1 5.9 3.8
6 34 M CGN 76 9.9 6.4 42
7 41 M CGN 87 8.5 5.5 3.5
8 58 F CGN 74 9.5 6.0 3.7
9 58 M CGN 70 8.9 5.6 32
10 44 M CGN 118 17.4 6.2 3.8
11 55 M CGN 87 8.1 6.7 39
12 49 F CGN 92 72 6.5 3.8
Mean = SD 46.0 £13.7 783*15.9 9.31+27 6.0x04 37x02

Abbreviations are: CGN, chronic glomerulonephritis; NS, nephrotic syndrome.

quantitatively, image analysis of stained sections was
performed using an Olympus Image Analyzer system.
The image was transformed into a matrix of 1280 X 1000
pixels, and the voltage signal at each pixel was converted
to 1 of 256 intensity gray levels in proportion to the
colorimetric staining. By summation of the values of
pixels in five fields contained submesothelial region at
X 200 magnification, we could determine the signal den-
sity for HSP47, HSP70, a-SMA, and type III collagen.
Fat tissue, vessel, and muscle were excluded in the field.
Then the density of these markers per 0.14 mm? were
compared among the three groups. The number of
CD68-positive cells was also counted in the same field
at X200 magnification.

Statistical analysis

Data were expressed as mean *= SD. Differences
among groups were examined for statistical significance
using one-way analysis of variance with Scheffe’s F-test.
Correlation coefficients were tested for significance using
the Spearman rank correlation test. A P value of less than
0.05 denoted the presence of a statistically significant
difference.

RESULTS
Hematoxylin-eosin staining

Histologic examination of hematoxylin-eosin—stained
sections of group B showed a monolayer of mesothelial
cells covering the surface of the peritoneum (Fig. 1A,
B), as well as the presence of small blood vessels scat-
tered among collagen fibers. In group Al patients, the
peritoneal tissue was partly thickened by proliferation
of collagen fibers (Fig. 1C). In group A2, mesothelial
cells were mostly detached, and peritoneal tissue was
markedly thickened by proliferation of collagen fibers
with occasional hyalinous changes (Fig. 1D, E). No poly-

morphonuclear cells were observed even in specimens
from patients with tunnel infection and recurrent or re-
fractory peritonitis episodes.

Immunohistochemistry

Peritoneal sections obtained prior to CAPD. A weak
immunoreactivity for HSP47 was observed in the subme-
sothelial region (Fig. 2A, B). Almost all mesothelial cells
were negative for HSP47, although some occasionally
expressed HSP47 (Fig. 2C). HSP70 and type III collagen
were hardly detected in peritoneal specimens obtained
prior to CAPD therapy (Fig. 2D, E). No cells positive
for CD68 were detected (Fig. 2F), and staining for
a-SMA was present only in blood vessel walls (Fig. 2G).

Peritoneal tissue from CAPD patients. In peritoneal tis-
sues of patients of group A1, HSP47 and type III collagen
were expressed in the thickened connective tissue of the
submesothelial region (Fig. 3A, B, E). The remaining
mesothelial cells strongly expressed HSP47 (Fig. 3C).
HSP70 was also expressed in the thickened submesothel-
ial region (Fig. 3D) and mesothelial cells, and CD68-
positive cells were occasionally detected (Fig. 3F). Many
cells were positive for a-SMA in the submesothelial area
(Fig. 3G). In group A2, peritoneal tissues showed in-
tense immunoreactivity for both HSP47 and HSP70
(Fig. 4A—C). Intense staining for type III collagen was
also observed in the area (Fig. 4D). Moreover, several
cells positive for CD68 were present in markedly thick-
ened areas with abundant proliferation of collagen fibers
(Fig. 4E). a-SMA was expressed very strongly in the
markedly thickened submesothelial area (Fig. 4F).

In order to identify the type of cells that expressed
HSP47, we performed immunohistochemistry for HSP47
and a-SMA, a marker for activated fibroblasts (myofi-
broblasts) using serial sections (Fig. 5). Moreover, for
precise localization of HSP47 and a-SMA, we performed
double staining for these markers (Fig. 6). From the
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results of staining in serial sections (Fig. 5) and double
staining (Fig. 6), the majority of cells that expressed
a-SMA were also positive for HSP47. However, the dis-
tribution of HSP70-positive cells was not always identical
to those positive for a-SMA. A comparison between
localization of HSP47 and cells positive for CD68, a
marker for macrophages, in serial sections showed that
HSP47 was expressed in the area containing many infil-
trating macrophages (Fig. 7). A comparison of expres-
sion of HSP47 and type III collagen in adjacent sections
showed that some cells were stained for HSP47 and colla-
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Fig. 1. Hematoxylin-eosin staining of representative samples of perito-
neal tissues. (A) Peritoneal tissue from patients prior to continuous
ambulatory peritoneal dialysis (CAPD) therapy. Note that the perito-
neal surface is covered with a monolayer of mesothelial cells (X100).
Small blood vessels are found scattered among collagen fibers. (B)
High-power field of sections shown in 1A. Mesothelial cells are clearly
observed on the surface of the peritoneum (xX400). (C) Tissues of group
Al patients (without ultrafiltration loss). The submesothelial region is
thickened by proliferation of collagen fibers (X100). (D) Tissues of
group Al patients (without ultrafiltration loss). Some specimens show
more thickened mesothelial regions, but no hyalinous changes are ob-
served (X40). (E) Peritoneal tissues of group A2 (patients with ultrafil-
tration loss). Mesothelial cells are mostly detached, and the peritoneal
tissue is markedly thickened by irregular proliferation of collagen fibers.
Note the occasional hyalinous changes of collagen fibers (*; X100).

gen III, whereas others were stained for only one of
these proteins (data not shown). Figure 8 shows that
HSP47 and collagen IIT were also expressed in adipo-
cytes present in the fat tissue. Moreover, adipocytes were
stained for HSP70 (data not shown).

Table 4 compares the level of expression of HSP47,
HSP70, collagen III, a-SMA, and CD68 among the three
groups. Because fat tissue, vessel, and muscle were ex-
cluded in the selected areas, almost all signal intensity
of HSP47, HSP70, collagen III, a-SMA shown here rep-
resented the expression in collagen fibers. The expres-
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Fig. 2 Immunohistochemistry for heat shock protein 47 (HSP47), type
III collagen, HSP70, CD68, and a-smooth muscle actin (a-SMA) in
peritoneal tissues of patients prior to CAPD (group B). (A) Note the
faint but significant staining for HSP47. (B) High-power field of 2A
showing a spindle-type cell positive for HSP47 (arrow head). (C) Note
that mesothelial cells are almost negative (arrow), but some cells are
positive (arrow heads). Type III collagen (D) and HSP70 (E) are hardly
detected in the peritoneal tissue prior to CAPD. (F) Note the lack of
cells positive for CD68. (G) Note also that only blood vessels are
positive for a-SMA. Original magnification: A, D, E, F and G, X100;
B and C, X400.
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Fig. 3. Immunohistochemistry of peritoneal tissues of group Al pa-
tients (CAPD patients without ultrafiltration loss). (A) HSP47 was
expressed in thickened connective tissue in the submesothelial region.
" (B) High-power field of 3A demonstrating spindle-typed cells positive
= for HSP47. (C) Almost all remaining mesothelial cells are strongly
positive for HSP47 (arrows). (D) Note that HSP70 is also expressed in
spindle-typed cells in thickened submesothelial regions. (E) Note also
the positive expression of type I1I collagen. (F/) CD68-positive cells are
occasionally detected (arrows). (G) Cells in the submesothelial area
‘&\ are stained for a-SMA. Original magnification: A, D, E and F, X100;
= B, X200; C, x400.
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Fig. 4. Immunohistochemistry of peritoneal tissues of group A2 patients (CAPD patients with ultrafiltration loss). Peritoneal tissues show intense
expression of HSP47 and HSP70 (A-C). Type III collagen is also strongly stained in the area (D). (E) Many cells positive for CD68 are present
in the markedly thickened area with proliferation of collagen fibers. a-SMA is abundantly expressed in the markedly thickened submesothelial
area (F, shown by arrows) as well as blood vessels. Original magnification: A, C, D, E, and F, X100; B, xX200.

sion level of HSP47, HSP70, and collagen I1I was signifi-
cantly higher in groups A1 and A2 than in group B (P <
0.01; Table 4). Furthermore, the expression levels of
HSP47, HSP70, collagen III, and a-SMA in group A2
were significantly higher than in group Al, as shown in
Figure 4. On the other hand, a significantly higher level
of CD68 expression was present in the peritoneal tissue
of group A2 than in groups Al and B.

Because peritonitis may stress the peritoneum, we also
examined the effect of peritonitis present at the time of
peritoneal collection on histochemical alteration. The
levels of expression of HSP47 and CD68 in peritoneal
tissues from 6 patients with recurrent or refractory peri-
tonitis episodes were significantly higher than in tissues
from 14 patients without such episodes (P < 0.01 and P <
0.05, respectively), whereas the expressions of HSP70,
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Fig. 5. Immunohistochemistry for HSP47 and «-SMA in serial sections
from group A2 patients. To identify the relationship between a-SMA-
positive cells (myofibroblasts) and cells positive for HSP47, immunohis-
tochemistry for HSP47 (A) and a-SMA (B) was performed in serial
sections. Note that the majority of cells that express a-SMA are also
positive for HSP47, suggesting that HSP47 is mainly expressed in myo-
fibroblasts. Blood vessel wall (V) is stained for a-SMA, not HSP47.
Original magnification: A and B, X400.

a-SMA, and collagen III were not significantly different
in the two groups. Furthermore, the expression of HSP47,
collagen I11, and CD68, but not HSP70 nor a-SMA, corre-
lated with the frequency of peritonitis episodes [r = 0.615,
0.646 (Fig. 9), 0.547, respectively, P < 0.05].

Relationship between expression of heat
shock proteins and cells positive for collagen
type III, a-smooth muscle actin, and CD68 in
peritoneal specimens

There was a positive correlation between the expres-
sion of HSP47 and type III collagen in peritoneal speci-
mens from the three groups (r = 0.819; Table 5). The
expression of HSP47 also positively correlated with that
of HSP70 and a-SMA (r = 0.676 and 0.765, respectively;
Table 5). In addition, the level of HSP47 in the perito-
neum also correlated with CD68-positive cell counts (r =
0.600). Furthermore, the expression of HSP70 correlated
with that of collagen III, a-SMA, and CD68 in peritoneal

- > "

.
- h—-— - |
Fig. 6. Double immunostaining demonstrating HSP47 (brown) and
a-SMA (blue) in the same section. To determine the presence of a-SMA—
positive cells (myofibroblasts) among cells positive for HSP47, double
immunolabeling for HSP47 and a-SMA was performed in the same
section. Note that a-SMA-—positive cells in the peritoneal tissue are also
stained with anti-HSP47 antibody. Original magnification: A, X200; and
B, x400.

specimens of all groups (r = 0.639, 0.743, and 0.496,
respectively; Table 5). Finally, we examined the relation-
ship between the duration of CAPD therapy and the
expression of HSP47, HSP70, a-SMA, CD68, and colla-
gen III in peritoneal tissues. Because the mean duration
from the beginning to the development of EPS is about
60 months in Japanese patients with EPS [21], we divided
our patients into those with CAPD therapy for more or
less than 60 months. In peritoneal tissue from patients
with more than 60 months of CAPD therapy, the degree
of HSP47 and collagen III expression was significantly
higher than in patients with less than 60 months of CAPD
(P = 0.026 and P = 0.043, respectively; Fig. 10). The
expression of HSP70 and «-SMA did not correlate with
the duration of CAPD therapy.

DISCUSSION

Using immunohistochemistry, we have demonstrated
in this study that HSP47 and HSP70 are expressed in
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Fig. 7. Immunohistochemistry for HSP47 (A) and CD68 (B) in serial
sections. HSP47 is expressed in the area where many cells positive for
CD68 have infiltrated the peritoneum (arrows). Original magnification:
A and B, x200.

areas of thickened connective tissue in sclerotic perito-
neal specimens of CAPD patients. The expression of
HSP47, a collagen-specific stress protein, correlated with
the frequency of peritonitis episodes. To our knowledge,
this is the first report that demonstrates the expression
of HSPs in human peritoneal specimens obtained from
CAPD patients.

Various stress factors are known to induce the expres-
sion of HSPs. In this study, we examined two types of
HSPs: HSP47, which is associated with collagen synthe-
sis, and HSP70, which is not associated with collagen
synthesis. The expression of HSP70 as well as that of
HSP47 in CAPD patients (groups Al and A2) was higher
than in patients with chronic renal failure before CAPD
treatment (group B). This finding suggests that CAPD
itself may cause some stress on the peritoneal tissue of
CAPD patients. In fact, our results showed that HSP47
and HSP70 were also expressed even in the peritoneum
of a patient without peritonitis episode who had been
treated with CAPD for only 16 months. Previous studies
indicated that many factors might be involved in the
development of peritoneal sclerosis, including endotoxin
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Fig. 8. Immunohistochemistry for HSP47 and collagen III in peritoneal
adipose tissues from group A2 patients treated with CAPD. (A) Adipo-

cytes are stained for HSP47. (B) Note that adipocytes in fat tissues are
positive for collagen III. Original magnification: A and B, X100.

Table 4. Comparison of signal density in the three groups examined
in the present study

Antibody Group B Group Al Group A2

HSP47 213x1.75 7.67 £4.55* 19.59 = 6.50®
HSP70 2.34+1.29 712435 12.05 £ 6.70®°
Collagen III 2.00+1.61 13.44 =490 24.58 £5.54*
a-SMA 0.22+0.10 1.82+1.49 8.34 = 6.96™
CD68 0.70 £0.17 3.96 +0.75 21.47 £3.24%

Images were transformed into a matrix of 1280 X 1000 pixels, and the voltage
signal at each pixel was converted to 1 of 256 intensity gray levels in proportion
to the colorimetric staining. Data are mean + SD (X 10°) of the sum pixel values
for HSP47, HSP70, a-SMA and type I1I collagen. The number of CD68 positive
cells was counted per 0.14 mm?® at a X 200 magnification. Differences between
different groups were tested for statistical significance using one-way analysis of
variance with Scheffe’s F-test.

* P < 0.01, compared with group B

b P < 0.01, compared with group Al

contamination in the dialysate [2, 3], acetate dialysate
[1-3], and the use of antiseptics [3, 22]. Moreover, glyca-
tion [23] and carbonyl modification (abstract; Horie et
al,J Am Soc Nephrol 9:1444 A, 1998) of peritoneal tissue
were recently reported in CAPD patients. In this regard,
it is possible that the long-term use of CAPD therapy
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Fig. 9. Correlation between expression of HSP47, collagen III, and
frequency of peritonitis. Ordinate data represent the sum of pixel values
of (X10°) HSP47 (A) and collagen III (B). Spearman rank correlation.
Note the correlation positive between expression of HSP47 and collagen
III with the frequency of peritonitis episodes (r = 0.615, 0.646, respec-
tively, P < 0.05).

Table 5. Correlation between the expression of HSPs and that of
type III collagen, a-SMA and the number of CD68-positive cells

HSP47 HSP70 Collagen III a-SMA CD68
HSP47 — 0.676 0.819° 0.765 0.600*
HSP70 0.676 — 0.639° 0.743 0.496°

Data represent the Spearman rank correlation coefficients between paired
variables. The expression of HSP47 correlated positively with that of HSP70,
collagen III, a-SMA, and number of CD68 positive cells in peritoneal specimens.
The expression of HSP70 also correlated positively with that of collagen III,
a-SMA, and number of CD68-positive cells.

“P<0.01,"P <005

represents a risk factor for the development of peritoneal
sclerosis [2, 4, 21, 24]; however, we could not identify the
exact effect of CAPD therapy itself on the progression
of peritoneal sclerosis because the number of patients
without peritonitis was too small in this study. The effects
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Fig. 10. Expression levels of HSP47 and collage III are influenced by
the duration of CAPD therapy. Data are mean = sp of the sum of
pixel values of (X10°) HSP47 and collagen III. The degree of HSP47
and collagen III expression was significantly higher in peritoneal tissues
from patients with more than 60 months of CAPD therapy (M) com-
pared with that in patients with less than 60 months of CAPD (0OJ).
Differences between data of different groups were tested for statistical
significance using one-way analysis of variance with Scheffe’s F-test.
*P = 0.026; **P = 0.043.
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of high glucose concentration in dialysate and acidic dial-
ysate on HSP47 and HSP70 expression are also impor-
tant issues. Further studies are warranted to investigate
the pathophysiological effects of CAPD per se, including
new peritoneal dialysis solution and long-term duration
of CAPD therapy on the peritoneum.

Our results showed a high level of HSP47 expression,
but not that of HSP70, in peritoneal tissues of CAPD
patients with recurrent or refractory peritonitis episodes.
Moreover, the level of HSP47 expression correlated with
the frequency of peritonitis episodes. Although the num-
ber of patients in this study is too small to draw a definite
conclusion, our results indicate that peritonitis is a strong
inducer of HSP47. Acute inflammation may induce HSPs
in the peritoneum; however, the serum C-reactive pro-
tein was negative in all patients, and no polymorphonu-
clear cells were present in the peritoneum, irrespective
of the history of peritonitis. Therefore, we suggest that
peritonitis may exert a chronic effect on the peritoneum,
ultimately leading to peritoneal sclerosis. The precise
mechanism of the induction of HSP47 is uncertain, but
in our study, more macrophage infiltration was observed
in the peritoneum of patients with recurrent or refractory
peritonitis episodes. It is possible that increased levels
of cytokines and growth factors secreted by macrophages
may be involved in HSP47 expression [25, 26]. Clinically,
Rubin, Herrera, and Collins also demonstrated a good
correlation between the number of peritonitis episodes
and histologic changes in the peritoneum of CAPD au-
topsies [27]. With regard to the factors associated with
induction of HSP47, a few reports have suggested that
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malnutrition is involved in the expression of some HSPs,
such as HSP60 and HSP70 [28, 29]. Because serum albu-
min concentrations in patients of group A2 were lower
than in groups Al and B, it is also possible that malnutri-
tion or underdialysis may have some effect on HSP47
expression. Further studies are necessary to identify the
precise mechanism of HSP47 induction in the peritoneal
tissue of CAPD patients.

What are the functional consequences of progression
of peritoneal sclerosis? Only a few studies have exam-
ined the effect of structural changes in the peritoneum
on ultrafiltration loss. Honda et al reported three CAPD
patients with ultrafiltration loss who exhibited a variety
of vascular changes, including deposition of collagen IV
and laminin and severe fibrosis and hyalinization [30].
In the present study, CAPD patients with ultrafiltration
loss showed more severe hyalinization of the thickened
peritoneum, overexpression of HSP47, collagen III and
macrophage infiltration than those without functional
loss. The high degree of macrophage infiltration in the
peritoneum of patients with ultrafiltration loss suggests
that inflammation as well as peritoneal sclerosis may
be associated with the loss of peritoneal ultrafiltration
properties. Moreover, considering the fact that macro-
phage-derived cytokines and growth factors, including
transforming growth factor-g [31, 32] and platelet-
derived growth factor [33], enhance the differentiation
of fibroblasts into myofibroblasts, it is possible that infil-
trated macrophages in the peritoneum are closely in-
volved with increased number of myofibroblasts, leading
to the progression of peritoneal sclerosis via HSP47 ex-
pression. It is possible that the progression of peritoneal
sclerosis may be associated with ultrafiltration loss in
patients on CAPD.

In the present study, we demonstrate that cells positive
for HSP47 are a-SMA-positive myofibroblasts, meso-
thelial cells, and adipocytes. Although we did not provide
a direct evidence that cells positive for HSP47 synthe-
sized collagen by in situ hybridization, taken together
with the results of in situ hybridization reported by Ma-
suda et al [8], where the distribution of HSP47 mRNA
was similar to that of collagen type I and type IIl mRNAs
and other previous studies [6, 7], our results suggest that
HSP47-positive cells are closely associated with collagen
production. This is consistent with the results of in vitro
studies showing that peritoneal fibroblasts [34], mesothe-
lial cells [35], and adipocytes [36] are capable of produc-
ing collagen. Because mesothelial cells are detached
from sclerotic peritoneal tissue and the location of these
three cells is different, we believe that these cells may
be involved in the progression of peritoneal sclerosis
through a complex network. In this regard, the expres-
sion of HSP47 detected by immunohistochemistry does
not always indicate protein synthesis, and hence, exami-

nation of HSP47 mRNA in the peritoneum of CAPD
patients should be performed in future studies.

In conclusion, the results of this study demonstrate
that the sclerotic peritoneal tissues of CAPD patients
overexpress HSP47 and HSP70 in a-SMA—positive myo-
fibroblasts and mesothelial cells, as well as adipocytes.
We also show that the progression of peritoneal sclerosis
correlates with deterioration of peritoneal ultrafiltration
function in such patients. We propose that peritonitis
and long-term CAPD therapy are associated with the
progression of peritoneal sclerosis, at least through
HSP47 expression. Understanding of the mechanisms
that regulate HSPs expression may be of potential thera-
peutic value in patients with peritoneal sclerosis.
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