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upon activation, normal T-cell expressed and secreted) pre-
dominantly in plexiform lesions associated with CD45-
positive cell infiltrates'® emphasize a role of inflammatory cell
recruitment in this disorder.

CD44 is a member of the hyaluronate (HA) receptor family
of cell adhesion molecules involved in leukocyte ftraffick-
ing.'”'® This molecule can mediate the adhesion of lympho-
cytes to vascular endothelial cells via binding of HA and the
extravasation of activated T cells into sites of inflammation in
mice' and in human autoimmune disease.?® In addition,
CD44 is involved in endothelial cell proliferation, migration
and angiogenesis®'?? that are the characteristic features of
plexiform lesions in IPAH.

In light of these functions, we hypothesized that CD44
might be involved in the progressive vascular remodeling,
particularly in plexiform lesions of patients with IPAH. The
purpose of the present study was to begin an exploration of
the potential roles of CD44 in the pathogenesis of IPAH by
determining the immunohistochemical expression and local-
ization of CD44 in the plexiform lesions and associated T cell
recruitment.

MATERIALS AND METHODS
Case materials

Formalin-fixed, paraffin-embedded blocks of lung tissue dis-
playing plexogenic pulmonary arteriopathy were retrieved
from the archival collection of the Departiment of Pathology,
National Cerebral and Cardiovascular Center, Suita, Japan,
apart from two cases provided by the Department of Cardio-
vascular Medicine, Okayama University Graduate School of
Medicine, Dentistry, and Pharmaceutical Science, Okayama,
Japan. Seven cases of IPAH (6 women, 1 man, mean age

Table 1 Clinical classification and information of the PAH patients

31 £ 5 years old, mean pulmonary arterial pressure (PAP)
64 + 4 mmHg) were entered into the study.

To compare CD44 expression between idiopathic and non-
idiopathic cases, four cases of PAH associated with atrial
septal defect (ASD-PAH) (3 women, 1 man, mean age 28 +
9 years old, mean PAP 63 = 4 mmHg) were also included.
Clinical classification of PAH patients was according to Dana
Point Classification® and the patients’ clinical information is
presented in Table 1. The patients were all nonsmokers, and
were without known risk factors or associated conditions of
PAH?® such as appetite suppressants, connective tissue dis-
eases, human immunodeficiency virus infection, portal hyper-
tension, congenital heart disease (except ASD-PAH cases),
schistosomiasis, chronic hemolytic anemia or chronic paren-
chymal lung disease. All cases originated from autopsy mate-
rial, except two lung specimens from Okayama University
(one with IPAH and the other with ASD-PAH) obtained at the
time of lung transplantation. Two blocks for each lobe of
bilateral lungs were prepared randomly in each case. Plexi-
form lesions were identified and counted on hematoxylin and
eosin stained sections. Normal lung tissues from three
autopsy cases (1 woman, 2 men, mean age 52 + 20 years old)
with no cardiac or pulmonary disease were used as controls.

Immunohistochemistry

Each paraffin-embedded block including plexiform lesions
was serially cut into three-micrometer thick sections. The
sections were pre-incubated with blocking reagent to quench
endogenous peroxidase activity, followed by incubation with
the primary antibodies at room temperature, except when
otherwise noted. The antibody for CD44 (1:25, Dako, Glos-
trup, Denmark) was incubated at 4°C overnight. The antibod-
ies for CD31 (1:50, Dako) for endothelial cells, CD68 (1:50,

mPAP Risk factors* Iv Lung

Patients Sex Age (mmHg) Cl (L/min/m?) for PAH ANA PGl Cause of death specimen
IPAH1 F 18 58 1.7 None Negative - Right heart failure Autopsy
IPAH2 F 32 62 1.6 None Negative + Right heart failure Autopsy
IPAH3 F 43 72 2.6 None Negative + Alive (LTx) LTx

IPAH4 F 26 78 1.6 None Negative - Right heart failure Autopsy
IPAH5 M 54 71 1.9 None Negative - Right heart failure Autopsy
IPAH6 F 12 45 3.0 None Negative - Right heart failure Autopsy
IPAH7 F 34 63 0.8 None Negative Right heart failure Autopsy
ASD-PAH1 F 51 54 NA CHD NA - Sudden arrest Autopsy
ASD-PAH2 M 13 7 NA CHD NA - Right heart failure Autopsy
ASD-PAH3 F 32 61 2.3 CHD NA - Infective endocarditis Autopsy
ASD-PAH4 F 16 65 25 CHD Negative + Alive (LTx) LTx

*Known risk factors and associated conditions of PAH such as appetite suppressants, connective tissue diseases, human immunodeficiency virus

infection, portal hypertension, congenital heart diseases, schistosomiasis, and chronic hemolytic anemia.?®

ANA, indicates anti-nuclear antibody; ASD-PAH, pulmonary arterial hypertension associated with atrial septal defect; CHD, congenital heart diseases;

Cl, cardiac index; IPAH idiopathic pulmonary arterial hypertension; iv PGly, intravenous prostacyclin treatment; LTx, lung transplantation; mPAP, mean

puimonary arterial pressure; NA, not available.
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Dako) for macrophages, CD45RO (1:100, Dako) for T lym-
phocytes, a-smooth muscle actin (o-SMA, 1:100, Dako) for
smooth muscle cells, and Ki-67 (1:150, Dako) for evaluation
of proliferation activity were incubated for 60 min. The EnVi-
sion+ System (Dako) was employed for visualization. Immu-
nohistochemistry for CD44 was evaluated as the ratio of the
number of plexiform lesions including CD44-positive cells per
total number of lesions in each case. To identify cell types
corresponding to CD44-positive elements, we proceeded
with a sequence of immunohistochemical reactions using the
combination of CD44 antibody and one of the following anti-
bodies; CD31, CD68, CD45R0O, or o-SMA, in the same
section.

Statistical analysis

Fisher's protected least significant difference (PLSD) test and
Mann-Whitney U-test were used to compare the IPAH, ASD-
PAH, and control groups. Mean values (SEM) are presented
in the text.

RESULTS
Detection of plexiform lesions in lung tissue

The histology of lung tissue from the IPAH and ASD-PAH
patients showed similar pulmonary artery remodeling, con-
sisting of medial hypertrophy, intimal fibrosis, and plexiform
lesions. We found 83 plexiform lesions, which were com-
posed of 52 lesions from the IPAH group and 31 lesions from
the ASD-PAH group (Table 2). From three to 12 plexiform
lesions in the lung sections were detected per patient. On the
other hand, control lung sections were confirmed to show no
evidence of either pulmonary artery remodeling or interstitial
inflammation.

Table 2 Distribution of CD44-positive plexiform lesions in the lung
specimens of IPAH and ASD-PAH patients

Number of CD44

Number of plexiform

Patients lesions studied (A)  positive lesions (B) B/A (%)
IPAH1 6 5 83.3
IPAH2 6 6 100
IPAH3 6 6 100
IPAH4 7 5 71.4
IPAH5 8 8 100
IPAH6 12 12 100
IPAH7 7 7 100
ASD-PAH1 12 0 0
ASD-PAH2 5 0 0
ASD-PAH3 11 0 0
ASD-PAH4 3 0 0

ASD-PAH, indicates pulmonary arterial hypertension associated with
atrial septal defect; IPAH, idiopathic pulmonary arterial hypertension.
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Immunohistochemical expression and localization of
CD44 protein in plexiform lesions

Immunohistochemistry was performed with lung tissue from
IPAH and ASD-PAH patients to determine the presence of
CD44 in plexiform lesions. Staining for CD44 was detected
in 49 out of 52 plexiform lesions (93%) from all patients with
IPAH, ranging from 71.4 to 100% of lesions per patient,
whereas plexiform lesions from ASD-PAH group did not
show CD44 positivity (Table 2). In the IPAH group, the
CD44-positive cells were apparently localized along the
surface of thin-walled microvessels within plexiform lesions
and infiltrating mononuclear cells in and around the lesions
(Fig. 1a,b). Alpha-SMA-positive smooth muscle cells did not
show CD44 positivity in the plexiform lesions (Data not
shown). Some endothelial cells of constrictive lesions giving
rise to plexiform lesions also showed CD44 positivity. Oth-
erwise, CD44 was not expressed in vascular lesions apart
from plexiform lesions, in spite of their constrictive vascular
lesions (Fig. 1c,d). Immunohistochemistry was also per-
formed with control lungs to examine whether CD44 was
expressed in normal pulmonary arteries without remodeling.
CD44 immunostaining was not observed in any vascular
cell components of normal pulmonary arteries although a
small number of alveolar macrophages were stained.
Double-labeling immunohistochemistry revealed CD44-
positive cells mainly corresponded to CD31-positive cells
and CD45RO-positive cells, indicating that they were endot-
helial cells and activated T-cells, respectively (Fig. 2a,b).
Serial sections of the plexiform lesions from IPAH and ASD-
PAH revealed that a vast majority of CD44-positive cells
(Fig. 3a) in IPAH plexiform lesion were CD45RO-positive T
cells (Fig. 3b), not CD68-positive macrophages (Fig. 3c).
Macrophages were also infilirated in ASD-PAH (Fig. 3f)
plexiform lesions. However, lack of immune-reaction against
CD44 was apparent (Fig. 3d) and few T cells were identified
(Fig. 3e) in the ASD-PAH plexiform lesion.

Inflammatory cell infiltration surrounding plexiform
lesions in IPAH

In order to evaluate CD44 expression in IPAH but not in
ASD-PAH, the numbers of CD45RO-positive T cell and
CDe68-positive macrophage inflammation per plexiform lesion
for IPAH and ASD-PAH group and per normal small pulmo-
nary artery for control group were counted. Consecutive sec-
tions showed that CD45RO-positive cells surrounding
plexiform lesions were significantly increased in IPAH group
compared to those in ASD-PAH (20.6 + 1.8 versus 4.3+ 1.3
per lesion, P < 0.05, Fig. 4). Plexiform lesions in ASD-PAH
group included a small number of CD45RO-positive cells as
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little as control group (4.9 £ 2.4 per artery, NS). In contrast,
the number of CD68-positive macrophage was similar
in the IPAH group compared to those in the ASD-PAH
group (10.9 £ 2.0 versus 17.5 + 2.6 per lesion, P = 0.50). A
few CDG68-positive macrophages were observed in small
pulmonary arteries obtained from normal lung tissue (0.8 *
2.0 per artery).

Proliferation activity of endothelial cell in plexiform
lesions

In order to evaluate the proliferative activity for endothelial cell
of plexiform lesions in IPAH group and ASD-PAH group,
immunohistochemistry for Ki-67 was examined. The number
of Ki-67-positive cells in the plexiform lesions of IPAH patients

Figure 1 Hematoxylin and eosin and
immunohistochemistry of CD44 in (g, b) a
plexiform lesion and (c, d) a constrictive
vascular lesion of a patient with idiopathic
pulmonary arterial hypertension were
shown. CD44 was clearly positive on the
surface of thin-walled microvessels within
the plexiform lesion (b; arrows) and
perivascular infiltrating round cells (b;
arrowheads). CD44 was not expressed in
a constrictive lesion apart from plexiform
lesions (d). (a-d; Scale bar 50 um)

Figure 2 Double-labeling  immunohis-
tochemistry demonstrated presence of
both CD44 (brown) and CD31 (red) posi-
tive cells (a; arrows) in a plexiform lesion
obtained from a patient with idiopathic pul-
monary arterial hypertension. Double-
labeling cells of CD44 (brown) and
CD45RO (red) were also evident in the
same lesion (b; arrowheads). (a, b; Scale
bar 50 um)

was significantly higher, compared to those of the ASD-PAH
group (4.2 £ 1.0 versus 0.8 £ 0.5 per lesion, P < 0.05, Fig. 5).

DISCUSSION

The present study demonstrated for the first time that CD44
protein was frequently expressed in plexiform lesions in the
lungs from patients with IPAH and mainly localized in the
endothelial cells composing microvessels of the lesions and
surrounding T cells. In addition, the plexiform lesions of the
IPAH group were accompanied by significant T cell infiltra-
tion. In contrast, the plexiform lesions in patients with ASD-
PAH did not show detectable CD44 nor significant T cell
infiltrates. These findings suggest that CD44 plays some role
in the development of plexiform lesions, particularly in IPAH,
presumably associated with persistent T cell inflammation.
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Figure 3 Immunohistochemistry of CD44, CD45RO and CD68 in the serial sections of plexiform lesion from patients with idiopathic
pulmonary arterial hypertension (IPAH) and pulmonary artery hypertension associated with atrial septal defect (ASD-PAH) were shown. A vast
majority of (a) CD44-positive cells in IPAH plexiform lesion were (b) T cells, not (c) CD68-positive macrophages. Macrophages were also
infiltrated in (f) ASD-PAH plexiform lesions, whereas (d) lack of immune-reaction against CD44 was apparent and few T cells were identified

(e) in the ASD-PAH plexiform lesion. (a-f;

Figure 4 The chart showed the mean number of CD45RO-
positive T cells per plexiform lesion in patients with idiopathic

pulmonary artery hypertension (IPAH),
hypertension associated with atrial septal

and per normal small pulmonary artery in control group.

Scale bar 50 um)

pulmonary artery
defect (ASD-PAH),

The number of CD45RO-positive

Number of CD45RO-positive T cells was significantly higher in
and around plexiform lesions of patients with IPAH, compared
to that of ASD-PAH and normal small pulmonary arteries.

(*P<0.01)

Figure 5 Immunohistochemistry of Ki-67
in plexiform lesions of a patient with idio-
pathic pulmonary arterial hypertension
(IPAH) and pulmonary arterial hyperten-
sion associated with atrial septal defect
(ASD-PAH) was shown. A certain subset
of endothelial cells of IPAH plexifom lesion
was apparently positive for Ki-67 immuno-
histochemistry (a; arrows), whereas most
of the endothelial cells in the ASD-PAH
plexiform lesions lacked immunoreactivity
against Ki-67 (b). (a, b; Scale bar 50 um)
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CD44 is involved in cell-cell and cell-matrix interaction, and
presumably maintains organ and tissue structures under
normal conditions.' On the other hand, CD44 is shown to
contribute to many pathological conditions including inflam-
mation and autoimmune diseases, angiogenesis, atheroscle-
rosis,?* and malignancies and tumor metastases, via its
multiple functions.

Our data implies CD44 involvement in the mechanism of
persistent local inflammation observed in plexiform lesions in
IPAH. Inflammatory mechanisms including inflammatory
cell recruitment have become increasingly important in
IPAH.”131% In the current study, CD44 expression was shown
to localize in endothoelial cells and T cells in IPAH plexiform
lesions. This was accompanied by significant T cell infiliration
that was consistent with previous observation by other
researchers.”'® CD44 is a homing receptor for leukocytes and
required for activated T cell extravasation into an inflammatory
site.'® Increased surface levels of CD44 proteins are charac-
teristic of T cell activation after encounter with its cognate
antigen.? On the other hand, chronic inflammation increases
CD44 expression on T cells?® and endothelial cells express
CD44 after exposure to proinflammatory cytokines such as
IL-1B and TNF-0.2* Thus, CD44 may be involved in ongoing
local inflammatory processes in IPAH through T cell and
endothelial cell activation and inflammatory cell recruitment.

Our data also suggests that a subset of the endothelial cells
in plexiform lesions in IPAH are activated and involved in
angiogenesis. CD44 is an activation marker of endothe-
lial cells because normal endothelial cells were shown
to express no or low levels of CD44, but expression is
up-regulated in growing cells by activation, for example, with
cytokines,?* and by isolating and culturing of these cells or in
tumor associated endothelial cells responsible for tumor
angiogenesis.?? One possible explanation for this activation is
stimulation by angiogenic factors, because basic fibroblast
growth factor and vascular endothelial growth factor (VEGF)
are shown 1o upregulate CD44 expression on cultured human
endothelial cells,?® on the other hand, there is evidence of
increased expression of angiogenesis-related molecules
including VEGF and its receptors in endothelial cells within
plexiform lesions in severe PAH.'' However, other mecha-
nisms may exist. In addition, the presence of proliferating
endothelial cells by Ki-67 labeling in plexiform lesions in [IPAH
is in keeping with previous observation showing Ki-67-positive
endothelial cells in plexiform lesions accompanied by inflam-
matory cells in pulmonary hypertension associated with scle-
roderma and human immunodeficiency virus infection.?” Our
findings support the view that endothelial cells of IPAH plexi-
form lesion may be prone to proliferation and these results
suggest the activated stage of disease in IPAH patients.

The principle ligand of CD44 is HA."” Recently, two groups
independently reported data suggesting an involvement of
HA in the pathogenesis of IPAH. Aytekin etal. showed

patients with IPAH had higher circulating levels of HA%® and
Papakonstantinou et al. showed a significant increase in HA
content in IPAH lungs compared with donor.?® Both groups
showed intense HA staining in and around remodeled
vessels and indicated increased HA production in pulmonary
artery smooth muscle cells (PASMC) derived from IPAH
lungs. In addition, PASMCs from IPAH had increased binding
of mononuclear cells compared with controls.?® These data
suggests a role for HA in remodeling and inflammation via
enhanced HA production in PASMC in IPAH. Because CD44
is the principle receptor for HA and its interaction regulates
important processes such as cell migration, proliferation, leu-
kocyte trafficking and activation, it is plausible that HA effects
on remodeling and inflammation are mediated, at least in
part, by CD44. Interestingly, data by the latter group also
included significantly increased CD44 mRNA expression
measured by quantitative RT-PCR in IPAH lungs compared
with donor lungs,?® in keeping with our data of increased
immunohistochemical expression of CD44 in IPAH.

The intriguing finding in this study was that the plexiform
lesions from the patients with ASD-PAH lacked immunohis-
tochemical CD44 expression and were less inflamed with
regard to T cells despite the similarity of morphological and
hemodynamic features to IPAH. Although a relatively large
number of plexiform lesions was examined, because of the
limited number of patients with ASD-PAH available, the further
investigation is needed to confirm the lack of CD44 in this
group. However, the finding implies the difference in CD44
expression may result from different underlying pathogen-
eses. In fact, researchers have pointed out some distinctions
between plexiform lesions in IPAH and those in congenital
left-to-right shunts including ASD-PAH.® Importantly, in IPAH,
the endothelial cell proliferation in plexiform lesions was found
to be mainly monoclonal, whereas in secondary PH associ-
ated with congenital heart disease with left-to-right shunts and
CREST syndrome, it was polyclonal, suggesting underlying
pathogenetic mechanisms are distinct." That is, monoclonal
endothelial cell proliferation in IPAH is autonomous growth,
more closely related to cancer cells, on the other hand,
polyclonal proliferation in secondary PH is as a response to
exogenous stimuli like high shear stress.” CD44 may be
associated with abnormalities causing monoclonal expansion
in IPAH, though the mechanism is yet to be determined. It will
be of interest to expand our investigation to plexiform lesions
in other PAH associated with underlying diseases.

Lastly, whether the IPAH patients in this study carried the
BMPR2 mutation was not determined since the genetic test
was not available. However the presence of inflammation
would not be necessarily inconsistent with the mutation with
regard to the development of the disease, because inflamma-
tory mechanisms are now thought to be an important factor in
subjects with the mutations. Heterozygous BMPR2 mutant
mice develop pulmonary hypertension not spontaneously but
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under inflammatory stress.® In addition, a complete negative
feedback loop between IL-6 and BMP both in vitro and in vivo
have been shown, suggesting that an important consequence
of BMPR2 mutations may be poor regulation of cytokines and
thus vulnerability to an inflammatory second hit.?'

In conclusion, this study provides novel observation on the
expression of CD44 predominantly in endothelial cells com-
posing plexiform lesions and surrounding T cells in patients
with IPAH, not in ASD-PAH, accompanied by significant T cell
infiltration. These data suggest involvement of CD44 in the
pathogenesis of IPAH, presumably associated with endothe-
lial cell activation and persistent local inflammation.

REFERENCES

1 Rubin LJ. Primary pulmonary hypertension. N Engl J Med 1997;
336: 111-7.

2 Machado RD, Pauciulo MW, Thomson JR et al. BMPR2 haplo-
insufficiency as the inherited molecular mechanism for primary
pulmonary hypertension. Am J Hum Genet 2001; 68: 92-102.

3 Newman JH, Wheeler L, Lane KB et al. Mutation in the gene for
bone morphogenetic protein receptor |l as a cause of primary
pulmonary hypertension in a large kindred. N Engl J Med 2001;
345: 319-24.

4 Thomson JR, Machado RD, Pauciulo MW efal. Sporadic
primary pulmonary hypertension is associated with germline
mutations of the gene encoding BMPR-II, a receptor member of
the TGF-beta family. J Med Genet 2000; 37: 741-5.

5 Pietra GG, Capron F, Stewart S et al. Pathologic assessment of
vasculopathies in pulmonary hypertension. J Am Coll Cardiol
2004; 43: 255-328S.

6 Pietra GG, Edwards WD, Kay JM efal Histopathology of
primary pulmonary hypertension. A qualitative and quantitative
study of pulmonary blood vessels from 58 patients in the
National Heart, Lung, and Blood Institute, Primary Pulmonary
Hypertension Registry. Circulation 1989; 80: 1198-206.

7 Tuder BM, Groves B, Badesch DB, Voelkel NF. Exuberant
endothelial cell growth and elements of inflammation are
present in plexiform lesions of pulmonary hypertension. Am J
Pathol 1994; 144: 275-85.

8 Tuder RM, Cool CD, Geraci MW et al. Prostacyclin synthase
expression is decreased in lungs from patients with severe
pulmonary hypertension. Am J Respir Crit Care Med 1999; 159:
1925--32.

9 Giaid A, Yanagisawa M, Langleben D etal. Expression of
endothelin-1 in the lungs of patients with pulmonary hyperten-
sion. N Engl J Med 1993; 328: 1732-9.

10 Cool CD, Stewart JS, Werahera P et al. Three-dimensional
reconstruction of pulmonary arteries in plexiform pulmonary
hypertension using cell-specific markers. Evidence for a
dynamic and heterogeneous process of pulmonary endothelial
cell growth. Am J Pathol 1999; 155: 411-9.

11 Lee SD, Shroyer KR, Markham NE, Cool CD, Voelkel NF, Tuder
RM. Monoclonal endothelial cell proliferation is present in
primary but not secondary pulmonary hypertension. J Clin
Invest 1998; 101: 927-34.

12 Tuder RM, Chacon M, Alger L etal Expression of
angiogenesis-related molecules in plexiform lesions in severe

© 2012 The Authors

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

CD44 in pulmonary hypertension 225

pulmonary hypetrtension: Evidence for a process of disordered
angiogenesis. J Pathol 2001; 195: 367-74.

Humbert M, Monti G, Brenot F et al. Increased interleukin-1 and
interleukin-6 serum concentrations in severe primary pulmonary
hypertension. Am J Respir Crit Care Med 1995; 151: 1628—
31.

ltoh T, Nagaya N, Ishibashi-Ueda H et al. Increased plasma
monocyte chemoattractant protein-1 level in idiopathic pulmo-
nary arterial hypertension. Respirology 2006; 11: 158-63.
Balabanian K, Foussat A, Dorfmuller P et al. CX(3)C chemokine
fractalkine in pulmonary arterial hypertension. Am J Respir Crit
Care Med 2002; 165: 1419-25.

Dorfmuller P, Zarka V, Durand-Gasselin | et al. Chemokine
RANTES in severe pulmonary arterial hypertension. Am J
Respir Crit Care Med 2002; 165: 534-9.

Aruffo A, Stamenkovic I, Melnick M, Underhili CB, Seed B.
CD44 is the principal cell surface receptor for hyaluronate. Cell
1990; 61: 1303-13.

Goodison S, Urquidi V, Tarin D. CD44 cell adhesion molecules.
Mol Pathol 1999; 52: 189-96.

DeGrendele HC, Estess P, Siegelman MH. Requirement for
CD44 in activated T cell extravasation into an inflammatory site.
Science 1997; 278: 672-5.

Estess P, DeGrendele HC, Pascual V, Siegelman MH. Func-
tional activation of lymphocyte CD44 in peripheral blood is a
marker of autoimmune disease activity. J Clin Invest 1998; 102:
1173-82.

Trochon V, Mabilat C, Bertrand P et al. Evidence of involvement
of CD44 in endothelial cell proliferation, migration and angio-
genesis in vitro. Int J Cancer 1996; 66: 664-8.

Griffioen AW, Coenen MJ, Damen CA et al. CD44 is involved in
tumor angiogenesis; an activation antigen on human endothelial
cells. Blood 1997; 90: 1150-59.

Simonneau G, Robbins IM, Beghetti M et al. Updated clinical
classification of pulmonary hypertension. J Am Coll Cardiol
2009; 54: S43-54.

Krettek A, Sukhova GK, Schonbeck U, Libby P. Enhanced
expression of CD44 variants in human atheroma and abdominal
aortic aneurysm: Possible role for a feedback loop in endothelial
cells. Am J Pathol 2004; 165: 1571-81.

DeGrendele HC, Kosfiszer M, Estess P, Siegelman MH. CD44
activation and associated primary adhesion is inducible via T
cell receptor stimulation. J Immunol 1997; 159: 2549-53.
Siegelman MH, DeGrendele HC, Estess P. Activation and inter-
action of CD44 and hyaluronan in immunological systems. J
Leukoc Biol 1999; 66: 315-21.

Cool CD, Kennedy D, Voelkel NF, Tuder RM. Pathogenesis and
evolution of plexiform lesions in pulmonary hypertension asso-
ciated with scleroderma and human immunodeficiency virus
infection. Hum Pathol 1997; 28: 434-42.

Aytekin M, Comhair SA, de la Motte C efal. High levels of
hyaluronan in idiopathic pulmonary arterial hypertension. Am J
Physiol Lung Cell Mol Physiol 2008; 2985: L789-99.
Papakonstantinou E, Kouri FM, Karakiulakis G, Klagas |,
Eickelberg O. Increased hyaluronic acid content in idiopathic
pulmonary arterial hypertension. Eur Respir J 2008; 32: 1504—
12.

Song Y, Jones JE, Beppu H, Keaney JF Jr, Loscalzo J, Zhang
YY. Increased susceptibility to pulmonary hypertension in het-
erozygous BMPR2-mutant mice. Circulation 2005; 112: 553-62.
Hagen M, Fagan K, Steudel W et al. Interaction of interleukin-6
and the BMP pathway in pulmonary smooth muscle. Am J
Physiol Lung Cell Mol Physiol 2007; 292: L.1473-9.

Pathology International © 2012 Japanese Society of Pathology and Blackwell Publishing Asia Pty Ltd



Symposium : 5 13 BIfiEIMEEREFES 29

@ —fi%ERE 9 (Session 5)

i 5 HELES T P A 1 A = I EEAE D BIAR B € 65 17 B

AR RRE

—R I B IREAZE R A & HF OB HICBI L T—

PN B SR NE

R t E O V- A 1 s By

16 A 72 38V kAT RO TE Y BRI
P E S il Y

iU &I

TR 1 R O IBIIRIEREIIERE (pulmo-
nary arterial hypertension associated with con-
nective tissue disease : CTD-PAH) %, FFFtE
PAH & HR L THPEIE L Z ST
2V, 7 PAH FrRAERNCH LIS itER R T
REFI3SH O, CT b/ NEEMFREEEIE R P E H i oD
FIR RS ENEIREAZEIER R (pulmonary
veno-occlusive disease : PVOD) KSREEDHES
5 ) BISEET 5 . PVOD (R BHO fiEHIR -
HHERIREAZE D> & TR DI I % & 72 918
FHEHECHRBICTFRIARDEINLKETHD,
FEFEtE, RiEtER £ Di3d, CTD Ml DR
Wb b 2Y, ek, CTD-PAH O m%E
FEIIRAE 2 R L I 2 FeFE PAH LRIKRE
ZONTERDY, HORE - RIEKFICXD,
FREIAR D & 72 & 3 HfiERAR I K N R EE D
HEAZER & 7- L7455 PVOD W EER HFF L,
IBRESYE - PRTARO—RE &> T3 AfHE
HE2H 5,

Z 2 CAME O BRiZ, CTD-PAH o HI#hh
2B\ CRBINRIFEZS 1 2 R I R B 2E M
EDEPDOF IO TN 2179
e L7,

1 NWREA/E

Ytk O FIRRE (1982 £ 1 H~2011 4
6 B® 2900 $1) v, CTD Z&H:L 7 PAH @ 10
Fipl 2 i LR E Lz, b= VEES
77 4 A (FHEL DDk ]
Eb27uy sgoUh L) 2EYIL, ~v
FEIY VI URE, vy Y RPYu—
Ly, TSRTAATUF—V U REETEL
T, FBEIARE & CRERIRIRZS O MR A W A %
Totz,

2 & R

CTD-PAH 10 FIDRRAVE 5 & IfMERE D
FMEERRT R 2R 11077, 10 IO FHERIE
4813 BCRHILIETH > 72, BIERED R
I3 AE (systemic sclerosis : SSc) 1 #, SSc
ERA MRS A (mixed connective tissue
disease : MCTD) O&f# 141, MCTD 3 i, &
Bty 5= b—F A (systemic lupus erythe-
matosus : SLE) 2 ffil, Sjogren fEMERE 2 4, B
U= F 1 TH o, HLHT—FVIRE
I K B Il I RE E 2 Wi o AT Bh BB D H5fE
1%, FHMBINRE 49413 mmHg, WM& &KL
1507809 dyn * s - cm™°, LfR%K 2.1£09L/
min/m*C&H > 7o, MEIHRELATE (X201 &

Keiko Ohta-Ogo, et al. © Coexisting pulmonary venous occlusive lesions in pulmonary arterial hypertension associ-

ated with connective tissue disease : a histopathologic study of autopsy lungs

VE S EBRERTIE £ v & — EE R SRR R R

DESTEBRERIE L v & — DI N RREPI R SRR

Therapeutic Research vol. 33 no. 10 2012 1493



1148

ZI0Z O '0u £§ 100 o403y Inadniay]

#& 1 CID-PAH 10 FIORRNE R & MM EREDEBFHFRR

PH Wik o {785 Wi BhARI 22 it IRPAZE MR A
EfD | e e | FE
= & B ET 7 b . %DLCO PaOz e BEL 1k < g7 _
) (’ﬁ) ar: %ﬁ;ﬁg DRI | d%i?s- (%) | (mmHg) | PAH-FERIVEH ;:,TI\F 7 }gﬁﬁds SEIF | WRBE P | FRSEERT | TR | 3R
(mmHg) (L/min/m?) cec - Grade | MLEE| ARIR | MEERIR EE) &
cm-?)

1 | 67/% | SSc 50 2.7 1305 ND 41 2 %l -~ - 3 + + + +
(#11 PGI2+ERA)

2 | 58/%c | SSc/ 44 1.6 1600 62 75 1 #l - + 3 + + + —

MCTD (Epo)

3 | 35/% | MCTD 30 43 309 46 83 - + - 3 + + + +

4 |33/%& | MCTD 57 2.8 907 41 71 14 + + 3 + + + —
(#11 PGI2)

5 | 36/% | MCTD 50 1.9 1200 64 81 1 #l - + 5 + - + +
(#11 PGI2)

6 |41/% | SLE 52 0.9 3072 ND 52 %ﬁll) + + 5 + + + -+
Epo

7 | 40/% | SLE 34 2.3 510 79 78 3 &l + + 5 - - - -
(Epo+ERA+PDES5I)

8 | 60/%c | Sjpgren 50 1.2 2089 71 51 3# + - 5 + + + +
(Epo+ERA +PDESI)

9 | 66/% | Sjbgren 45 1.6 1680 39 55 1A + + 3 + + + +
(#£11 PGI2)

10 | 41/% | RA 79 1.8 2400 ND 53 3 Al + — 5 + + + —
(Epo-+ERA+PDESI)

DLCO ; diffusing lung capacity to carbon monooxide, Epo ; epoprostenol, ERA ; endothelin receptor antagonist, ND ; not done, PDE5I ; phosphodiestrase type V

inhibitor
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1) McLaughlin VV, McGoon MD. Pulmonary arterial
hypertension. Circulation 2006;114:1417-31.

2) Montani D, O’Callaghan DS, Savale L, et al. Pulmo-
nary veno-occlusive disease : recent progress and
current challenges. Respir Med 2010;104:523-32.

3) Dorfmiiller P Humbert M, Perros E et al. Fibrous

remodeling of the pulmonary venous system in

pulmonary arterial hypertension associated with
connective tissue diseases. Hum Pathol 2007;38:893~

902.

Sanchez O, Sitbon O, Jais X, et al. Immunosuppre-

sive therapy in connective tissue disease—associ-
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ated pulmonary arterial hypertension. Chest 2006;
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Soc Nephrol 5:1681-1689, 2010

10) Tomosugi N, Kawabata H, Wakatabe R, et al :
Detection of serum hepcidin in renal failure and
inflammation by using ProteinChip System.
Blood 108 :1381-1387, 2006
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1. FHENRRMERT S MLESE (pulmonary arterial hyperten-

sion, PAH)
1.1 HBRE
1.2 BEEME
1.3 EEEIME
1.4 ZEHESCHD PAHRER, PIRETERE

KR © 2 FEOESRRL )
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TOPICS

WELL

. BNP  497.9pg/mi
BMWD 365 m

PAP 74/37(49) mmHg
Ci 1.6 I/min/m?

THRTORF/—I 483 ng/kg/min
250 mg/day

rery

: .
Lt 6

BNP 8.2 pg/mi
MWD  540m

PERERWE A SN TS S

PAP  60/22(35) mmHg
Cl 2.7 I/min/m?

1 RFRIEREN AR MR O—F

a! ¥k, bl 9»ARAILER, B MEXKRERE, CILxa—H).
PAP : pulmonary arterial pressure (ffi@8lk/E), CI : cardiac index (0MREO.
DBERTE, B8R, VISEOFC RENEEL, LI -RTRAZEEHRRSHEE L2,

BNP 402.0 pg/mi
PAP 80/20(42) mmHg

BNP 7.7 pg/ml
PAP 37/16(24) mmHg

X 2
a: @2k, bl BERA I MHNXKREE, B!

7N BHENARFZ A I & W EBBICERE U 1S MM AR SRAS AN I EE O —fFY
Dra—/, C:MIMRy ¥ 774, D: MERER).
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100 <20 pg/ml 100 I Z400m
80 80+
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- - -
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# 40 39% # 40
=20 pg/mi
20 - 20
0=0.0013 p=0.0009 <400m
O 1 il | 0 1 L |
0 5 10 15 0 5 10 15
&} AEBRIA R AR () o) REEBIAREIR ()
<45 mmH
100 ?

80 |-
3
S 6ot
{i\H‘ 40 - - 245 mmHg

20k 49%

p=0.0012
O Il 1 i
0 5 10 15
AR A EIR ()

3 RERBET—IH b AT 10 FEFE

(8 75 HRAERBFESFMES T THRER(—HHR))

a:@[i# BNP#E, b6 S5MPBTHE, o VOMEBIRE. M5 TR LT o R EREMEIRIE & ILEE 47 EFIic B
VT, EERRICERTELEBRET — 5 OEK & D EFREHHEMRE L.

VIFEODEWREFPESL TS5, LERR
BOSIRERR O T B DT RR 2RI & 7z,

% 7:f€3k, M BNP (brain natriuretic peptide) #
EX 6 SMATERE, NTEHROEL - WECH-
TEBT 200750 —EBERATHLLENTER
7, INsDBVoRALEEEEZ->THRIFLRET
BRIBERLZVJ3). SkicswyTid, FIME
IR %S 45 mmHg 571252 U 7= FE0I T 13 10 £ TR
100%%ZE/K L THBY, BNPEES 6 5 MBFTEER
T { MBIREDET 2 2 3 RBFREEB W D H
LEEZLND.
sbYI

s EEESIOSBRER R, FEEBPERE
WEDRIRD, &7, FREROER - WE D TH
RO ERBL, MEFMROKESEHT 5. B
WIERER 2 21T, FEEREDE VI LD B GE
HEEEIRL, REFRBIC L DR HE L 2080 hE
EED T IENEETH 3,

X #t

1) Galie N, Hoeper MM, Humbert M, et al : Guide-
lines for the diagnosis and treatment of pulmo-
nary hypertension : The task force for the diag-

~ nosis and treatment of pulmonary hypertension
of the european society of cardiology (ESC) and
the european respiratory society (ERS), endorsed
by the international society of heart and lung
transplantation (ISHLT). Eur Heart ] 30 : 2493~
2537, 2009

2) Humbert M, Sitbon O, Chaouat A, et al : Survival
in patients with idiopathic, familial, and
anorexigen-associated pulmonary arterial hyper-
tension in the modern management era. Circula-
tion 122 :156-163, 2010

3) ERED, NIEF, ERMEE, b SIEED
[vEMZ k. Therapeutic Research 32 :3, 2011
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Pulmonary Veno-Occlusive Disease &
Pulmonary Capillary Hemangiomatosis DEZH DR > b

BT AT B A\ ST BRI L R+ & — BRI 5

iU &ic

pulmonary veno-occlusive disease (PVOD) &
pulmonary capillary hemangiomatosis (PCH)
Dana Point 4% 1" #TH 5V, PVOD i fifil#
BRIz - BAZE%, PCH % BH:OBMINE D
R 2 R T R e L, ThaodhE
SEZWTORYL & 72 52, Dana Point 0% 1 B TH
5 B AR E MUEAE (pulmonary arterial hyper-
tension : PAH) & ZREHELFEIEER
570, FEBNEERERCRE - BHFTRL
Eickh, REICRRZHZ 0175 2 EEE
Th 5,

PVOD/PCH (sl EMHeE i oo - B
DEET 570, LHROMEIRE KRS 5 PAH
BRI X D KEIEREI N BERIESH D,
BRI L 188 kd3 v, PVOD/PCH
DR BB T 2 WM& H 5259, Rf
TEqNBT—AbHWID, BHICERSE %
79 FERMELT 2 HENH B,

1 WHR-AE

2012 4F 5 A F Tlo Y4B cigE % 7o s
EfEBD 9 &, PVOD/PCH 16 il (REZWiHE
EHl s Bl & 1H 1228 & ENRELT,
ZNFNDOFD X £ X F 2EEKEES B
L, PVOD/PCH DERFKEZWT D 7= & O Ffiivk %
YERR L 7=,

NN BT B R A S

# 1 PVOD/PCH & 5504/ BIEE PAH DOEEKRY

BE o

HH PVOD/PCH I/HPAH
B (%) 81.3* 23.2
BUEERE (%) , 73.3* 29.1
6MWD (m) 226.0+t36.7% | 35431138
Pre SpO, (%) 95.8+0.5% 97.840.3
ASpO, (%) 10.1£0.8* 3.6+05
DLco’ (%) 25.0+2.5% 56.742.4
GGO (%) 100.0* 39.3
NEMRERERE (%) 75.0* 23.2
BRE (%) 56.3% 10.7
m#s v+ LERE 56.3% 12.5
(%)
METRIET 31.3* 1.8
FizkiE (%)

I/HPAH : R Fit:/BE0E PAH, 6MWD : 6 &84T
PR, Pre SpO, : WEHSEEZAINE, ASpO, : K
R SpO,— E 1K Sp0O, DLco : Ffifis B8, GGO:
ground glass opacity

*PVOD/PCH THEICEME, “EMH (p<0.05)

2" % e

HHERIZ 2T ROC 2 #wTHBon:
AUC D6, ZHOEBENRISLEZI N
bD*F1ICAT, PVOD/PCH i3 B, B
EEDE , FEFHE 470146 RTH o7,
FesetE /=M PAH & I L PVOD/PCH 4
Tk 6 ST E , RHRBELTE
(Sp0,) #395.8+05% LETLTEY, HiTH
Bz k h E 51T 10.1208%E T L7z, "ERkigsE

Aiko Ogawa, et al. : Diagnostic approach to pulmonary veno-occlusive disease and pulmonary capillary hemangioma-

tosis
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PCH

B 1 $S#K%4 PYOD/PCH SEFIO HRCT B

PVOD Ti3/NERIREE DR 2/l GGO %, PCH Tldhnikiy
ZED B,

fby

® 2 #8972 PVOD ERIOY Y F IS5 7T 4 B
B 9277 7 4 ¢, E¥Rpi L LimRESZED 5hs,

R TIEIABEE (DLeo’) B EICEL, &
AT RTS8 HRCT T /M ground
glass opacity (GGO), /NERFREEIRE, KRS
oo iR (1) ks~ F
7974 THLEERE (B2) 8% EDON
Foo E70, MEIERSRIC X B PhAKE OB 138
CEBBREEDE o,

DL EofER% 5 $ 2T PVYOD/PCH K ZH
Za7EERLE (& 2), MKEOBER 2
B, ZOMOERIZ 1 STAF108ETDE,
PVOD/PCH Ti3¥¥ 66105 5, 1 BTk
15201 HEBBIBLR> T, 4 R ET

& 2 PVOD/PCH EERRZHEIX 07

@R - B 18
Q@WRERE . H D 15
@6 NREBITHOBMEET : 9%l L 14
@DLco'% : 34% i 14
®HRCT : GGO 14
INERIIREEIRE 18

TATN 7 14

Gk ¥ LEXIE 14
DSBS I & 2 kg 2 8
=45 10 &
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HIUTEE 94%, FFEE 91% T PVOD/PCH % consensus document on pulmonary hypertension.
Wl R EZWT 5 L ABETH o 2, Circulation 2009;119:2250-94.

2) Pietra GG, et al. Pathologic assessment of vasculo-
pathies in pulmonary hypertension. ] Am Coll

3 & E= Cardiol 2004;43:255-32S.
PVOD/PCH & 1 BEDFRKAVRHE R iz L, 3) Montani D, et al. Pulmonary veno-occlusive
i EH &%ﬁ{;‘g@%%& L "C{/F)ﬁbfl PVOD/ disease : Clinical, functional, radiologic, and hemo-
=1 N EN dynamic characteristics and outcome of 24 cases
PCH BRIRZHTA 2 72 "_PVOD/PCH DRI confirmed by histology. Medicine (Baltimore) 2008;

WHicHRTH 2 HRENTRRE N, 87:220-33.
= i 4) NNEF. FHEsIREAZSEIER B/ MBI EREE. it
SIMFEFESE = 2 7 1 2012, p.152-9,

1) McLaughlin VV, et al. ACCF/AHA 2009 expert
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i ik P 2845 (PVOD)

B PbhHw T 0603 &

PEF - BRIEC

* B ATBUENE RS LU v 5 — BRI
F701-1192 FILATILRKEZE 1711-1

B IR R DB

1. MERAREAZSEE S (X

fiE#IREAZEE (pulmonary veno-occlusive dis-
ease, PVOD) %, MisILEE D REREED 25
THHRdbDTH D, BKICIZPVOD & D
I W WS R EE T & % M I E B AE (pulmonary
capillary hemangiomatosis, PCH) & & & I,
BT O IS MR E O EE R 43 %8 (Dana  Point 43-%8)
TUVBICHEINTVBY, QLT —F LVBE
W2 & B WELE O (FEMEIIRE 25 mmHg
LAE, FEAR#EAE 15 mmHg R#) 2Nz ¢,
SRR R O IR DI ECEHELRED 2 2 &
THEZH L 222, SELERBEEDBSI
& 0 i 8 fk % i & 0L fE (pulmonary arterial
hypertension, PAH) DFHBHEL TE T3
M, KEBTRDLLZZS Vo BRI OFERICL
DRENBULT 2BE5LH D, BRELIGEXM
BEL»ZV, ETORCT—Xb 50 FRIZE
DTARET, EREE»S 2 ELIAIIZIFEHISE
TTaransd, FEOLERERPRENRZ
icky, BHCERKZHEZOD 2 Z EVNEET
b5 ().
2. % ®

XEATHE SN TV 2 D3 200 FIFEE, AO
100 AL/ 0.2 ABERET 23N, B
TEIZ S EFERETREOTBEELH 2%, FEE
KHBEBRTHIEEZONTE N, BFHEME
PAH CEEREZWISNIZESID S B, #10%55F]

0301-2611/12/%250/53/JCOPY

% PVOD EFDSE

FE, R SEH, Bit=1:1

CLERFE &Y

BEEaAME 1&ME

BB MEAMEOERLET

IR A REIRE Dico 1&fE

HIER X %% Kerley B line, kikgs

faER HRCT NERREOIEE, NEROMK

GGO, Y /3 HEX

R o F 057« | EREMEOMmMTXIE
mENRENER Bk B bt
Fi& 2 E

MTPVOD tgiadnice 3 o8HmE b H 5.
PCHEZPVOD & D b 5 IWHENIEKL, Ih
ETOHREFI0FES>T TH B, 4B TO
PVOD/PCH #11Z PAH D #7 1 B8 & D fiE 1
T, BEHS81.3%, FHFEM4T.0E18.5KTH
5.
3. %

PVOD H#EDFERETHETH 5, BE, 4

VAR, BY), TUBEICBRERAE & OBLENHR
HFEINTwBY, 7z, HEMPAH tEEDODH

% bone morphogenetic protein receptor 2 Q&
BEFEEORECTKEARESHL I Lr s, It
A 6 POBCFEENERCHLTRELEDL D

. BEBEEPAH O » TPAH IEEEA
(DEFLTTE@H;HTE%HJTETT’E BoickELHY,
EHaNTWw39,
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4. BRERIEMR

FHER BN, PRREEEN S VL, —AIC i
BMEETRD 5N BERTH 5 ERTIRE, T
B, KEZERHRIB00 D 5. REHEERERN
FEORWHITS, HEOBRFETERLBREN
ESpO,)DET 2D 2 I E08% W, HED
PVOD/PCH 5| T D % & BF SpO, 13 ¥ 19 95.8+
1.8% 7T, 6 oEHTRICIZ 10.1£2.6%DIET %
iz,

5.8 &

BEhE O & s BEE B EIS
v, FRREOFEEMN Y 2 FRETHE L
#EEL, PVOD b, KAWELET 515
BRI EEESR T,

1) EEERE

EBZEMEL2ET 20 EEBRRENLET
H5., PVOD TREFCMEEMAE T D3
72, PAH THEIWZMEBEEEE, 75 &
LTHEDICT S, FiKEID 2D 2T WERD
Hoiw, FIRELEEERT .

PAH ot 2IEEE L LTRUTO 3R 6
FEFPOBPETHHEAUGEL > T3,

Q=P ) v BEGERE: Revyr, 7
YTV ey,

@FARYVIRTI—E5HEE: v LT+
T AN, FETTT 40,

BFurRg ISP rLEE RS o R
be 2RI OATF / — )b,

PVOD Tix, BN & © T 0 & IR 2 Bk
% BHEREET O, HEkEEREE 2
PAH BEERZFAT 2 L KENERZLENLE
BHERDLILOEBETEENTER —HFT
PVODBITR LI >R NT F 7 4 VBEF
TholetWIERRELH B, EELDRERT
¥, PVOD/PCHE 8#lwxxt L T, BEE W =K
TURAT =NV L BEELToRY. 387.3+
116.3 Hff iz b 7z b ¥ 55.3£10.7 ng/kg/min
BELER, 6B TER, BNP(brain
natriuretic peptide)f#, LiHHE T —ERN K
ZL720, BEIREIMET Lad o7z, 361,
BEEOEN: L L ICHEE ERLEREDRE
FHRENNEE S ot TRIORT S —IE,
/I‘,EEK{EFE’C‘EFHT 25X EETDOTY v

VBB L THERTH LD, BENZEERELE
70 2,
2) HFBREREDREE

BF 2 ME/ e ERERE O BIE =2 %+ 2
YER % b DN FEIEEREDEELSIFINT
W3, e»rTHA~F =7k PDGF (platelet-
derived growth factor)Z&ED ) v B 2EE
T HEXT, PAH XX 2 B3ESHESNT
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