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The immunoreaction was amplified with a Vectastain
ABC kit (Vector Laboratories) and visualized by incuba-
tion with a 3,3'-diaminobenzidine solution acting as a
chromogen. The sections were then counterstained with
hematoxylin and dehydrated. Images were captured
using a microscope at a magnification of x200 (model
BZ-9000; Keyence) and the area of CD31-positive vessel-
like structures was measured in five random microscopic
fields per section using Dynamic cell count software BZ-
HIC (Keyence),

Proliferation assay

HUVECs were suspended in medium (1 x 10%/100 ul)
containing 10 ng/mL VEGF plus SK-216 at various con-
centrations. The cells were seeded into a 96-well tray and
incubated. To determine cells” proliferation rates after 16
and 36 hours, the absorbance of the medium in each well
was assessed using cell counting kit-8 (DOJINDO) fol-
lowing the manufacturer’s instructions.

Cell migration assay

HUVEC migration was assessed using an Oris Uni-
versal Cell Migration Assembly kit (Platypus Techno-
logies) following the manufacturer’s instructions. Briefly,
HUVECs (2 x 10" suspended in 100 uL of medium were
seeded into each test well of the Oris plate with the well
inserts (stoppers) and then incubated to allow cell attach-
ment. After 4 hours, the stoppers in each well were
removed. HUVECs were incubated with 10 ng/mL VEGF
and SK-216 at various concentrations for 36 hours, and then
were stained with calcein acetoxymethylester (Calcein
AM) stock solution (2 mmol/L; DOJINDO). Images were
captured at a magnification of x40 using a fluorescence
microscope (model BZ-9000; Keyence) and the areas occu-
pied by HUVECs (occupied area) and not occupied by
HUVECs (background area) were measured using
Dynamic cell count software BZ-HIC (Keyence). The per-
centage of occupied area was determined by the following
formula: 100 x (background area at baseline — background
area at 36 hours)/background area at baseline.

Capillary-like tube formation assay

Seventy microliters of Matrigel was applied to each well
of a 96-well plate and incubated for 30 minutes. HUVECs
(1 x 10*) suspended in 100 uL of medium were plated onto
the Matrigel and incubated with 10 ng/mL of VEGF and
SK-216 at various concentrations for 16 hours and then
were stained with Calcein AM stock solution (2 mmol/L).
Images were captured at a magnification of x20 using a
fluorescence microscope (model BZ-9000) and the total
area of the tube-like space was quantified using Dynamic
cell count software BZ-HIC (Keyence).

Statistical analysis

Statistical analyses were undertaken using SPSS5 17
(SPSS Japan). All the results are expressed as mean
SEM, and the Student { test or Mann-Whitney U test were
used to evaluate statistical differences between the

groups. A P value more than 0.05 was considered to be
statistically significant.

Results

Oral administration of SK-216, a PAIL-1-specific
inhibitor, reduced tumor progression in both the
subcutaneous tumor model and the tail vein
metastasis model

To determine whether PAI-1 could be a therapeutic
target in the treatment of malignancy, a subcutaneous
tumor model and a tail vein metastasis model were
generated in C57BL/6 mice using C57BL/6~derived cell
lines, LLC, and B16 melanoma cells. 5SK-216 was orally
administered to the mice. Interestingly, Bl6 cells were
found to secrete almost no PAI-1 in contrast with LLC cells
(Fig. 1A). In consistence with the PAI-1 secretion levels in
vitro, immunohistochemical staining of PAI-1 for subcu-
taneous tumors in PAI-17/7 mice confirmed that PAI-1
was detectable in the tumor of LLC cells but not in that of
B16 cells (Supplementary Fig. 52). The volumes of sub-
cutaneous tumors were evaluated 14 days after the inoc-
ulation of LLC or B16 cells and the number of tumor
nodules on lung surfaces was counted 21 days after
injection. As shown in Fig. 1B and D, the volumes of
subcutaneous tumors 14 days after the inoculation of LLC
and B16 cells were significantly smaller in the SK-216-
treated group than in the control group. In addition, the
number of lung tumor nodules 21 days after the injection
of LLC or B16 cells was significantly lower in the SK-216—
treated group than in the control group (Fig. 1C and E).
Interestingly, the effects of 5K-216 on subcutaneous tumor
growth in the subcutaneous tumor model showed a trend
toward dose-dependency (Fig. 1B).

SK-216 reduced the degree of angiogenesis in
subcutaneous tumor

To determine whether SK-216 affected the degree of
angiogenesis in subcutaneous tumor, we undertook
immunohistochemical staining of the excised subcutane-
ous tumors of LLC and B16 cells with anti-CD31 mono-
clonal antibody (mAb). In both subcutaneous tumors of
LLC and B16 cells in WT mice, the areas of CD31-positive
vessels were significantly lower in the SK-216~treated
group than in the control group (Fig. 2A and C).

Host but not tumor PAI-1 was crucial for tumor
progression in the subcutaneous tumor model and
the tail vein metastasis model

The systemic administration of SK-216 effectively
reduced the size of subcutaneous tumors and the extent
of lung metastases regardless of the presence orabsence of
PAI-1 secretion by the tumor cells. To further investigate
the significance of tumor PAI-1 in tumor progression, we
established two LLC-derived cell lines that differed in
expression levels of PAI-1, namely siControl LLC and
siPAI-1 LLC cells. Asshown in Fig. 3A, qRT-PCR revealed
that the expression level of PAI-1 mRNA was significantly
decreased in siPAI-1 LLC cells compared with siControl
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Figure 1. Effects of systemic
administration of SK-216 on tumor
progression in the subcutaneous
turnor model and the tail vein
metastasis model. A, comparison
of PAI-1 secretion levels between
LLC and B186 cells. LLC or B16
cells (1 x 10% were seeded in 96-
well plates and cultured for 24
hours. Concentrations of PAl-1 in
culture media were measured by
ELISA. Data represent the mean
values (=SEM) of triplicate

samples and were analyzed with
the Student t test. *, P < 0.01
versus LLC cells. Band D,
evaluation of tumor sizes in the
subcutaneous tumor model using
PAl-1-secreting LLC cells and
PAl-1-nonsecreting B16 cells.
Volumes of subcutaneous tumors
were measured twice a week for 2
weeks after the inoculation of LLC
(B) or B16 (D) cells into WT mice.
Mice were given drinking water or
SK-216 (100 or 500 ppm). The data
represent the mean values (-8EM}
of 6 mice per group and were
analyzed with the Student t test.
* P < 0.01; **, P < 0.05 versus
control group. ¥, P < 0.05 versus
the group treated with 100 ppm of
SK-216. NS, not significant. C and
E, evaluation of lung metastases in
the tail vein metastasis model
using PAl-1-secreting LLC cells or
PAI-1-nonsecreting B16 cells. The
number of tumor nodules on the
lung surface of WT mice was
counted 21 days after injection of
LLC{C) or B16 (E) cells through the
tail vein. Mice were given drinking
water or SK-216 (100 or 500 ppm).
Each bar represents the mean
value of 6 or 8 mice per group. The
data were analyzed with the
‘Student t test. ¥, P < 0.05 versus
control group. NS, not significant.
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LLC cells. Similarly, PAI-1 protein levels in the culture
media were approximately one third decreased in siPAI-1
LLC cells compared with siControl LLC cells (Fig. 3B). In
vitro, no differences in proliferation or migration between
siControl LLCand siPAI-1 LLC cells were shown (data not
shown).

Next, to determine the relationship between host and
tumor PAI-1 in tumor growth, siControl LLC or siPAI-1
LLC cells were subcutaneously inoculated or injected
through the tail vein into WT or PAI-1™/~ mice. As shown
in Fig. 3C, the volumes of subcutaneous tumors 14 days

after the inoculation of siControl LLC or siPAI-1 LLC cells
were significantly smaller in PAI-17/~ mice than in WT
mice. In WT mice, there were no significant differences in
the volumes of subcutaneous tumors when inoculated with
siControl LLC or siPAI-1 LLC cells. The same outcomes
were observed in PAI-1™/~ mice. Downregulated expres-
sion of PAI-1 was confirmed in subcutaneous tumors
initiated by siPAI-1 LLC cells compared with that of
siControl LLC cells as determined by immunohistochem-
istry (Supplementary Fig. S3). Similar to the results in the
subcutaneous tumor model, in the tail vein metastasis

wWww.aacrjournals.org
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angiogenesis in subcutaneous
tumors of WT mice
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model, the number of tumor nodules on the lung surface 21
days after the injection of cells was significantly lower in
PAI-17/~ mice than in WT mice (Fig. 3D). In both WT and
PAI-17/~ mice, there were no significant differences in the
numbers of hung nodules between siControl LLC and
siPAI-1 LLC cells. These results strongly suggest that host
PAI-1 butnot tumor PAI-1 is the determinant for the degree
of tumor progression in both the subcutaneous tumor
model and the tail vein metastasis model. To substan-
tiate the significance of host PAI-1 in tumor progression,
similar models were generated in WT and PAIL-17/~
mice using PAl-1-nonsecreting B16 cells. As shown
in Fig. 3E and F, the volumes of subcutaneous tumors
and the number of lung surface nodules were signifi-
cantly smaller in PAI-1™/~ mice than in WT mice.

Deficiency of host PAI-1 reduced the degree of tumor
angiogenesis

Previous studies clearly showed the important role
of host PAI-1 in tumor angiogenesis (11-14). To confirm

the significance of host PAI-1 in tumor angiogenesis,
the extent of angiogenesis in subcutaneous tumors of
PAl-1-secreting LLC cells and nonsecreting B16 cells were
compared between WT and PAI-17/~ mice. Immunohis-
tochemical staining of the excised subcutaneous tumor
sections with anti-CD31 mAb showed apparently reduced
areas of CD31-positive vessels in both subcutaneous
tumors of LLC cells and B16 cells in PAI-17/~ mice
compared with those in WT mice (Fig. 4A and O).

Host but not tumor PAI-1 was determinant for the
effects of SK-216 on tumor growth and angisgenesis
To evaluate by which of host or tumor PAI-1 the
antitumor effect of SK-216 was more affected, WT and
PAI-17/~ mice subcutaneously inoculated with siControl
LLC or siPAI-1 LLC cells were treated or untreated with
SK-216. As shown in Fig. 5A, the volumes of subcutaneous
tumors in WT mice were significantly smaller in the SK-
216~treated groups than in the untreated groups. How-
ever, these differences were not observed in PAI-17/~
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Figure 8. Evaluation of the knockdown efficiency of PAI-1 in LLC cells stably transfected with siRNA against PAI-1. A, siControl and siPAl-1 LLC celis
were established as described in Materials and Methods. Expression levels of PAI-1 mRNA in siControl and siPAI-1 LLC cells were evaluated by
gRT-PCR. B, concentrations of PAl-1 in culture media of siControl and siPFAl-1 LLC cells were measured by ELISA. Data represent the mean
values (:SEM) of triplicate samples and were analyzed by the Student t test. *, P < 0.01 versus siControl LLC cells. Effects of host and/or tumor PAI-1
expression levels on tumor progression in two tumor models. C, evaluation of tumor sizes in a subcutaneous tumor mode! using siControl and
siPAl-1 LLC cells. Volumes of subcutaneous tumors were measured twice a week for 2 weeks after inoculation of siControl or siPAl-1 LLC cells
into WT or PAI-1™/~ mice. Data represent the mean values (--SEM) of 8 mice per group and were analyzed with the Mann-Whitney U test.

*, P < 0.01 versus WT mice. NS, not significant. D, evaluation of lung metastases in the tall vein metastasis model using siControl and siPAI-1 LLC
cells. The number of tumor nodules on the lung surface of WT and PAI-1™/" mice was counted 21 days after injection of siControl or siPAl-1 LLC cells
through the tail vein. Each bar represents the mean value of 6 mice per group. The data were analyzed with the Mann-Whitney U test. *, P < 0.01
versus WT mice. NS, not significant. E, evaluation of tumor sizes in the subcutaneous tumor model using B16 cells. Volumes of subcutaneous
tumors were measured twice a week for 2 weeks after the inoculation of B16 cells into WT or PAI-1™~ mice. Data represent the mean values (=SEM)
of 8 mice per group and were analyzed with the Mann-Whitney U test. *, P < 0.01 versus WT mice. F, evaluation of lung metastases in the tail
vein metastasis model using B18 cells. The number of tumor nodules on the lung surface of WT and PAI-1™'~ mice was counted 21 days after
injection of B16 melanoma cells through the tail vein. Each bar represents the mean value of 8 or 8 mice per group. The data were analyzed with the
Mann-Whitney U test. *, P < 0.01 versus WT mice.
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Figure 4. Evaluation of
angiogenesis in subcutaneous
tumors of WT and PAI-17"~ mice
subcutaneously inoculated with
siControl or siPAI-1 LLC cells (A)
or B16 cells (C). The area of CD31-
positive vessels was calculated as
described in Materials and
Methods. Data represent the mean
values (:SEM) of 6 mice per group
and were analyzed with the
Student t test. *, P < 0.01 versus
WT mice. NS, not significant.

£ and D, representative
immunohistochemical staining for
CD31 in a subcutaneous tumor.
Scale bar, 100 um.

WT

mice (Fig. 5B). In both WT and PAI-17/~ mice, there were
no significant differences in the volumes of subcutaneous
tumors between siControl LLC and siPAI-1 LLC cells (Fig.
5A and B). Similar to the results of subcutaneous tumor
volumes, the differences in the areas of CD31-positive
vessels, between the SK-216-treated and untreated
groups were observed in WT mice (Fig. 5C) but not in
PAI-17/~ mice (Fig. 5D). In both WT and PAI-17/~ mice,
there was no significant difference in the areas of CD31-
positive vessels between subcutaneous tumors consisting
of siControl LLC and siPAI-1 LLC cells (Fig. 5C and D).

SK-~216 did not affect proliferation of HUVECs but
inhibited migration and tube formation of HUVECs
in vitro

On the basis of the inhibitory effect of SK-216 on angio-
genesis in tumors of LLC and B16 cells in vivo, we assessed
the in vitro effects of SK-216 on proliferation, migration,
and tube formation of endothelial cells. Because produc-
tion of VEGF in both LLC and B16 cells was confirmed
(data not shown), the primary angiogenic factor in the
tumors of LLC and B16 cells was thought to be VEGF.
Therefore, we used VEGF to stimulate proliferation,
migration, and tube formation of HUVECs in the in vitro
assays. The proliferation assay showed that the presence

of SK-216 at various concentrations in culture for 16 or 36
hours did not affect the cells” proliferation rates (Fig. 6A
and B). As shown in Fig. 6C, however, the monolayer
migration assay revealed that SKK-216 inhibited the VEGF-
induced migration of HUVECs in a dose-dependent man-
ner. The statistically significant inhibition of HUVECs
migration by SK-216 was observed at concentrations of
40 and 50 umol/L. Furthermore, SK-216 was shown to
inhibit VEGF-induced tube formation of HUVECs in a
dose-dependent manner (Fig. 6E). The statistically signif-
icant inhibition of HUVECs tube formation by SK-216 was
observed at concentrations of 30, 40, and 50 ymol/L.

Discussion

A growing body of evidence suggests that PAI-1 is
closely involved in tumor progression and angiogenesis.
In the present study, using a subcutaneous tumor model
and a tail vein metastasis model, we have shown that
systemic administration of SK-216, a specific PAI-1 inhib-
itor, was effective in suppressing both tumor progression
and angiogenesis. This effect of SK-216 was found to be
independent of the presence or absence of tumor PAI-1,
suggesting the importance of host PAI-1 as a molecular
target of SK-216. When the relevance for tumor progression
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Figure 5. Influences ofthe presence
or absence of host PAI-1 and the
secreting levels of PAI-1 by tumor
cells on effects of SK-216 on
subcutaneous tumor growth and
angiogenesis. A and B, evaluation
of tumor sizes in the subcutaneous
tumor model using siControl and
siPAI-1 LLC cells. Volumes of
subcutaneous tumors were
measured twice a week for 2

weeks after inoculation of

siControl or siPAI-1 LLC cells into
WT (A) or PAI-1~"" (B) mice. Mice o
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and angiogenesis was compared between host and tumor
PAI-1, we found that host but not tumor PAI-1 played a
determinant role in these processes. These results also
support the suggestion that SK-216 inhibited tumor pro-
gression and angiogenesis primarily through interacting
with host PAI-1. In in vifro studies, SK-216 inhibited the
VEGF-induced migration and tube formation of HUVECs.

There is only one previous study that used SK-216 for
animal tumor models (26). In that study, SK-216 was
shown to suppress the spontaneous formation of intesti-
nal polyps in the adenomatous polyposis coli gene-defi-
cient mouse. About another PAI-1 inhibitor, PAI-039,
there is a report that it could reverse PAI-1's protection
against apoptosis in human cancer cell lines (23). In the
present study, we have shown the antitumor effect of SK-
216 using a subcutaneous tumor model and a tail vein
metastasis model. The most interesting finding was that
the systemic administration of SK-216 could suppress
tumor growth and lung metastasis irrespective of the
presence or absence of PAI-1 secretion by the tumor cells.
From the experiment that WT and PAI-17/~ mice subcu-
taneously inoculated with siPAI-1 LLC cells or siControl
LLC cells were treated or untreated with SK-216, we also
found that host but not tumor PAI-1 was determinant for
the effect of SK-216 on tumor growth. These results sug-
gest that the antitumor effect of SK-216 is likely exerted

through interaction with host-derived PAI-1. In addition,
in the present study, we have shown that the presence of
host PAJ-1 was a determinant in tumor growth and lung
metastasis but the expression level of PAI-1 in tumor cells
was not associated with either the degree of tumor growth
or lung metastasis. Although we did not determine the
precise mechanism by which host PAI-1 was involved in
tumor progression, these results suggest that host PAI-1
was the primary molecular target for SK-216 in the animal
tumor models used in the present study.

Although the crucial role of host PAI-1 in tumor pro-
gression has been reported (11-14), two recent studies
showed the involvement of tumor PAI-1 in tumor growth.
Nishioka and colleagues showed that reducing PAL-1
expression in either the tumor or the host could suppress
tumor progression (22). In contrast, Fang and colleagues
reported that both host PAI-1 and tumor PAI-1 had to be
reduced to inhibit tumor progression (23). These two
reports are inconsistent with our finding that the level of
tumor PAI-1 did not affect the extent of tumor progression,
and, unfortunately we do not have data to explain this
difference. In animal tumor models using different tumor
cells from those used in the present study, tumor PAI-1
might be associated with tumor progression. Because
reduction of tumor PAI-1 expression or activity seemed
to be advantageous for inhibiting tumor progression, we
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degrees of proliferation, migration,
and tube formation of HUVECs. A
and B, proliferation of HUVECs
induced by VEGF was quantified
after 16 hours (A) and 36 hours (B)
in the presence of SK-216 at
various concentrations. C and E,
migration (C) and tube formation
(E) of HUVECS induced by VEGF in
the presence of SK-216 at various
concentrations were evaluated as
described in Materials and
Methods. D and F, representative
images of HUVECs in cell
migration assay (D) and capillary-
like tube formation assay (F).
HUVECs were stained with
Calcein AM stock solution. Data
represent the mean values (=SEM)
of triplicate samples and were
analyzed with the Student t test.
", P < 0.05 versus control;

** P < 0.01 versus control;

scale bar, 250 um.

SK-216 (umold)

believe that this difference should not be an obstacle to the
use of SK-216 as a systemic antitumor agent.

We note that there was a study that was inconsistent
with our results, BEitzman and colleagues reported that the
expression level of host PAl-1 did not affect the extent of
tumor growth in the foot pad or the formation of lung
metastases by B16 cells (27). Unfortunately, we cannot
readily explain this discrepancy. We speculate that differ-
ences between the sites where B16 cells were implanted
and/or the number of cells used for experiments between
Eitzman and colleagues” and our studies resulted in these
inconsistent data.

Independent of tumor cells” expression of PAI-1, PAI-1
production is thought to be increased by soluble factors in
the tumor microenvironment. It has been reported that
VEGF produced by tumor cells and /or stromal host cells
promoted PAI-1 secretion by endothelial cells (28). In
addition, inflammatory cytokines such as interleukin
(IL)-1, IL-6, and TNF-o from immune cells 29) and
TGF-§ from fibroblasts (30) are all known to induce
PAI-1 expression in endothelial cells (31) and hepatocytes
(32). Moreover, extravascular synthesis of PAI-1 by adi-
pocytes (33), macrophages (34), and fibroblasts (35, 36)
is promoted. Elevated levels of circulating PAI-1 in
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tumor-bearing patients (37-39) seem to reflect overpro-
duction of PAI-1 in the tumor environment. Consider-
ing the strong association between the abundance of
PAI-1 in the tumor microenvironment and the aggres-
siveness of the tumor (6-9), systemic administration of
SK-216 could be a reasonable therapeutic approach for
the treatment of malignancy.

In the present study, the extent of angiogenesis in
tumors generated in PAI-17/~ mice was significantly
lower than that in WT mice. This result confirms the
previous obsetvations that indicated the significance of
host PAI-1 in regulating tumor angiogenesis (11-14).
Indeed, a previous study showed that PAI-1 produced
by tumor cells, even at high concentrations, could not
compensate for the absence of host PAI-1 in tumor angio-
genesis (13). These observations suggest that host PAI-1
could become a novel molecular target for the reduction in
tumor angiogenesis. Interestingly, the systemic adminis~
tration of SK-216 reduced angiogenesis in tumors of PAI-
1-secreting LLC cells and PAl-1-nonsecreting B16 cells,
similar to that observed in PAI-17/~ mice. From the
experiment that WT and PAL-17/~ mice subcutaneously
inoculated with siPAI-1 LLC cells or siControl LLC cells
were treated or untreated with SK-216, we also found that
host but not tumor PAI-1 was determinant for the effect of
SK-216 on angiogenesis. These results suggest that sys-
temic administration of SK-216 reduced tumor angiogen-
esis through inhibition of host PAI-1 activity. In addition,
the direct inhibitory effect of SK-216 on VEGF-mediated
migration and tube formation of HUVECs was also shown
in the present study. Although the precise mechanism of
host PAI-1 involvement in tumor angiogenesis was not
determined, these observations suggest that inhibition of
host PAI-1 activity would result in the reduction of tumor
angiogenesis, raising the possibility that systemic admin-
istration of SK-216 could become a novel antiangiogenic
therapeutic in the treatment of malignancy.

Because the induction of angiogenesis is an important
mechanism by which tumors promote their own contin-
uved growth and metastasis (40), inhibition of tumor
angiogenesis represents an attractive therapeutic app-
roach in the treatment of malignancy. VEGF plays a major
role in tumor angiogenesis, however, the contribution of
other factors, such as PDGF, FGF, and angiopoietins,
has been confirmed (41-44). Currently, only VEGF-tar-
geted antiangiogenic agents are clinically available for
the treatment of malignancy. They include bevacizumab
(Avastin; Genentech/Roche) targeting VEGF and two
kinase inhibitors, sorafenib (Nexavar; Bayer) and suni-
tinib (Sutent; Pfizer), targeting the VEGF receptor sig-
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Prognostic significance of fibroblastic foci in usual interstitial
pneumonia and non-specific interstitial pneumonia
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ABSTRACT

Background and objective: Fibroblastic foci (FF)
composed of an accumulation of fibroblasts or myofi-
broblasts may be related to the progression of puimo-
nary fibrosis leading to respiratory insufficiency.
Several studies have shown that the number of FF is a
significant prognostic factor in usual interstitial pneu-
monia (UIP). The purpose of the present study was to
examine whether the extent of FF is related to impair-
ment of respiratory function and prognosis in patients
with biopsy-proven fibrosing interstitial pneumonia,
including UIP and fibrotic non-specific interstitial
pneumonia (INSIP).

Methods: Fifty patients with histologically confirmed
interstitial pneumonia including UIP or fNSIP were
investigated, and correlations between FF and pulmo-
nary function were evaluated. FF area was calculated as
the proportion of total area (%FF) and the number of
FF (FF/cm®) in the whole histological specimen from
each patient.

Results: The UIP group showed significantly higher
%FF and FF/cm?® than the fNSIP group. When UIP and
fNSIP patients were analysed together, the group of
patients who had died (death group) revealed signifi-
cantly higher %FF and FF/cm? compared with the
group of survivors, and the impairment of vital capac-
ity and diffusing capacity of carbon monoxide was
correlated with %FF and FF/cm?,

Conclusions: FF correlated with impaired pulmonary
function and may be a useful parameter to predict
prognosis in patients with UIP and INSIP.

Key words: fibroblastic focus, non-specific interstitial pneu-
monia, pulmonary function, usual interstitial pneumonia.
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SUMMARY AT A GLANCE

A significant correlation was demonstrated
between histological findings and respiratory
function in fibrosing interstitial pneumonia. Our
findings indicate that fibroblastic foci are a reliable
predictor of prognosis in usual interstitial pneu-
monia and fibrotic non-specific interstitial
pneumonia.

INTRODUCTION

Fibroblastic foci (FF) are characteristic features of
usual interstitial pneumonia (UIP) and are associated
with progression of disease and a poor prognosis.”®
They are composed of aggregates of mesenchymal
cells including fibroblasts and myofibroblasts and
may play a critical role in the progression of pulmo-
nary fibrosis.

There has been an interest in the prognostic signifi-
cance of FF in UIP. Several studies have demonstrated
the clinical importance of FF as a prognostic param-
eter, establishing that poor prognosis is related to a
greater number of FE'® However, some studies have
failed to demonstrate the correlation between FF and
survival in patients with idiopathic pulmonary fibro-
sis, indicating that quantitative assessment of FF in
surgical lung biopsy specimens is of limited prognos-
tic value.*® These conflicting results are probably a
result of the different methods used to select samples
from patients. In the previous studies, FF was exam-
ined only in UIB not in non-specific interstitial pneu-
monia. Furthermore, previous studies analysed FF in
selected areas of lung specimens using a score
grading system, not in the whole specimen.” In addi-
tion, a recent guideline indicates that surgical lun
biopsy is not essential in the subjects showing UIP
pattern on high-resolution computed tomography. As
a result, biopsy would be performed only in patients
with the difficulty in computed tomography diagno-
sis. This could cause a difficulty to distinguish histo-
logically between UIP and fibrotic non-specific
interstitial pneumonia (fNSIP). The purpose of the

Respirology (2013) 18, 278-283
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FF and respiratory function

present study was to examine whether the extent of
FF is related to impairment of respiratory function
and prognosis in patients with biopsy-proven fibros-
ing interstitial pneumonia, including UIP and fNSIP.

METHODS

Patients

We reviewed patients with interstitial pneumonia
who had open or a video-assisted thoracoscopic lung
biopsy in Fukuoka University Hospital, National Hos-
pital Organization Kyushu Medical Center, and
Fukuoka National Hospital between 1995 and 2008.
Fifty patients with histologically confirmed UIP or
fNSIP were selected. Patients with concomitant lung
neoplasms were excluded. Histological diagnosis of
UTP and fNSIP was based on a previously published
report® and the criteria in the American Thoracic
Society/European Respiratory Society consensus
classification.” The study protocol was approved by
the ethics committee of our institute.

Pathological evaluation

The specimens were routinely fixed in 10% formalin
and were processed into paraffin blocks for histo-
pathological examination. Tissue sections were cut
4 wm thick and stained with HE, Alcian blue-periodic
acid Schiff and elastica van Gieson.

FE newly formed connective tissue bundles, were
defined as subepithelial, interstitial areas in which
fibroblasts and myofibroblasts were arranged in a
linear manner within a pale staining matrix and
which were stained blue by Alcian blue-periodic acid
Schiff (Fig. 1).

The area of FF and the whole lung tissue area were
measured using image analysis software (WinROOF
version 5.5, Mitani Corporation, Fukui, Japan). The
total number of FF was obtained by counting all FF in
all specimens from each patient, and FF/cm?* was cal-
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culated by dividing the total number of FF by the
whole lung tissue area (cm?). %FF was calculated by
dividing the total area of FF by the whole lung tissue
area.

Respiratory function data

All respiratory function data, including vital capacity
(VC) and diffusing capacity (diffusing capacity of
carbon monoxide (DLco)) during the entire follow-up
period, were obtained from the medical records.
Annual changes in respiratory function were esti-
mated from linear regressions, assuming time depen-
dency and linearity. Percentage decrease from the
baseline per year (%AVC, %ADLeo) was obtained from
the linear equation, and the correlation between
the respiratory function impairment and FF was
evaluated.

Statistical analysis

Numerical data are presented as the mean *
standard error of the mean. For analysis, the unpaired
Student’s t-test was used for pairwise comparisons.
Categorical data were compared between UIP and
fNSIP using the chi-square test for independence.
Prognostic data were analysed using the Kaplan-
Meier curve with log-rank test. Correlations involving
FF and respiratory function data were evaluated using
the Spearman rank coefficient. Statistical analysis was
performed with StatView software for Windows
version 5.0 (SAS Institute Inc., Cary, NC, USA).
P-values less than 0.05 were considered significant.

RESULTS

Clinical characteristics, laboratory and
physiological findings

The patient population consisted of 28 males and 22
females; mean age was 61.2 years. Of the 50 patients,
24 (48.0%) were diagnosed with UIP and 26 (51.0%)

Figure 1 A histopathological example of fibroblastic foci. (a} HE section. Fibroblastic foci are composed of aggregates of fibroblasts
or myofibroblasts arranged in a linear manner within a pale staining matrix. Scale bars = 200um. Original magnification x 200. (b) Alcian
blue-periodic acid Schiff (AB-PAS) section. Matrix of fibroblastic foci is stained blue. Scale bars = 200um. Original magnification x 200.

© 2012 The Authors
Respirology © 2012 Asian Pacific Society of Respiralogy
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Table 1 Clinical characteristics, and laboratory and physiological findings of the study population

T Harada et al.

Variables ’ uip NSIP P-value
Clinical characteristics
Male/female gender, No. 15/9 13/13 0.3737
Age at biopsy, year 65.3 £ 9.8 574+ 11.5 0.0120%
Pack years of smoking 18.4 = 289 19.0 = 30.0 0.89476
Month since onset of symptoms 24.3+37.8 123 = 16.0 0.2064
Laboratory findings
Serum KL-6, U/mL 1075 = 615 2190 + 2263 0.0423*
Serum LDH, U 298 = 191 286 = 121 0.7930
Physiological findings
VC, %predicted 72.5 + 18.8 85.5 = 16.2 0.0387*
DLco, %predicted 70.6 = 23.4 82.9 £ 20.3 ) 0.1261
PaO; at room air, torr 81.5 £ 14.1 835+ 11.1 0.6181

* P < 0.05.

DLco, diffusing capacity of carbon monoxide; KL-8, Krebs von den Lungen-6; LDH, lactate dehydrogenase; NSIP, non-specific
interstitial pneumonia; Pa0,, partial pressure of oxygen (arterial); UIP, usual interstitial pneumonia; VC, vital capacity.

with fNSIP. The clinical characteristics and laboratory
findings of the patients are summarized in Table 1.

Of the clinical characteristics, age at lung biopsy
was significantly different between UIP and {NSIP. Of
50 cases, 9 were current smokers, 13 were ex-smokers
and 28 were never smokers. Serum Krebs von den
Lungen-6 levels differed significantly between UIP
and fNSIP groups (UIP < fNSIP).

Collagen vascular disease was found in five cases
from the UIP group and four cases from the fNSIP
group during the follow-up period.

Quantitative analysis of FF: Comparison
between UIP and fNSIP, and between death
and survival groups

Of 50 cases in our study, 9 cases had one biopsy
sample and 41 patients had multiple biopsy samples.
We divided all the samples into four groups based on
biopsied sites (i.e. upper lobe, middle lobe, lingula
and lower lobe). Nineteen per cent were obtained
from upper lobe, 21% from middle lobe, 12% from
lingula and 48% from lower lobe.

In UIP patients, %FF (0.266 = 0.233) and FF/cm?
(7.07 % 45.12) were significantly higher than in fNSIP
patients: %FF (0.045 = 0.054) (P < 0.0001, Fig. 2a) and
FF/cm? (1.69 = 2.07) (P < 0.0001, Fig. 2b).

We investigated the area of normal lung, fibrosis
and honeycomb lung by reviewing the available
samples of 30 patients. In fNSIB the area of normal
lung to fibrosis was 40.7 * 29.4% and 59.3 = 29.4%,
respectively, and in UIB 36.5 £ 34.3% and 63.5 +
34.3%, respectively (not significant). Among fibrosis,
the honeycombing area was 4.8 = 10.3% in fNSIP
and 24.6 +24.7% in UIB a significant difference
(P=0.0284).

Since follow up was done in all patients, we divided
these into those who died (death group, n=13) and
those who survived (survival group, n = 37) and com-
pared %FF and FF/cm?® between the groups. The
mean follow-up period for the survival group and the
mean survival period for the death group were 55.2

Respirology (2013) 18, 278-283

months and 33.6 months, respectively. %FF in the
death group (0.292 * 0.259) was significantly higher
than in the survival group (0.101 * 0.106) (P = 0.0020,
Fig. 3a). FF/cm? in the death group (7.45 * 6.17) was
also higher than in the survival group (3.16 * 3.49)
(P=10.0034, Fig.3b). Significant differences in %FF
and FF/cm? between the two groups were also dem-
onstrated when only UIP patients were analysed, but
results for fNSIP patients only showed no significance
(data not shown).

We reviewed the prognosis and clinical course for
all patients enrolled in this study to draw the
Kaplan-Meier curve. Significant prognostic difference
between UIP and fNSIP was demonstrated by
log-rank test (P= 0.0233, Fig. 4).

Correlation between FF and respiratory
function parameters

The initial value of %VC has an inverse correlation
with FF/cm? when UIP and fNSIP patients were analy-
sed together (rs=0.211, Fig. 5a). Also, as shown in
Figure 5b,c, %AVC was correlated with both %FF and
FF/cm? (rs = 0.333 and 0.294). %ADLco was correlated
only with %FF (rs=0.268, Fig.5d). However, the
initial value of %DL¢o did not have any obvious cor-
relation with FE When the UIP and {NSIP patients
were analysed separately, no significant correlations
were observed (data not shown).

DISCUSSION

This is the first study to examine the area and the
number of FF in both UIP and fNSIP samples
obtained from surgical hing biopsy. Based on the
assumption that FF is a common histological finding
in both UIP and fNSIP that reflects disease progres-
sion, we examined the relationship between the
extent of FF and the respiratory function in a com-
bined group of patients with UIP or {NSIP. A correla-
tion between FF and both respiratory function and

© 2012 The Authors
Respirology © 2012 Asian Pacific Society of Respirology
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Figure 2 Quantitative analysis of fibro-
blastic foci in the whole specimen, (a) The
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Figure 3 Quantitative analysis of fibro- R (2 =
blastic foci of all cases comparing death ﬁ
group and survival group. (a} The areal ﬁ
percentage of fibroblastic foci was signifi- 01 2
cantly higher in death group than in sur- ’
vival group. (b) The number of fibroblastic
foci was significantly higher in death

group than in survival group. Data are v 0
mean * standard deviation.

prognosis was demonstrated. Our result revealed that
the decline in VC and DLeo was significantly corre-
lated with the increasing area and/or number of FE
Furthermore, the group of patients who died had a
higher degree of FF compared with the survival group.

There have been various attempts to relate disease
progression to the extent of FE' Most of these studies
were performed using UIP samples. However, {NSIP
accepts some temporal range in lung injury, allowing

© 2012 The Authors
Respirology © 2012 Asian Pacific Society of Respirology

Death group

Survival group Death group Survival group

the presence of some FF coexistent with old fibrosis
(e.g. honeycombing).*!' These ambiguous criteria
might be confusing when making a differentiation
between UIP and fNSIP. Furthermore, to what extent
FF are considered to exist in the case of an fNSIP
pattern remains unclear.

Practically, lung biopsy tends to be performed in
patients whose computed tomography patterns are
non-UlP-like, and patients with computed tomogra-

Respirclogy (2013) 18, 278-283
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FF and respiratory function

phy patterns typical of UIP rarely have the opportu-
nity to receive a lung biopsy. This may cause difficulty
in histologically categorizing interstitial pneumonia.
Furthermore, in our fNSIP patients, the time between
onset of symptoms and the visit to the hospital was
longer than previously reported.’ It is therefore pos-
sible that some cases classified as INSIP in our study
could be diagnosed as idiopathic pulmonary fibrosis
after consensus clinical, radiological and pathological
review. According to the report of an American Tho-
racic Society project,” a high-resolution computed
tomography showing a pattern typical of UIP, such as
honeycombing in the subpleural areas of the bilateral
lower lobes, could lead to a diagnosis of idiopathic
pulmonary fibrosis even when a surgical lung biopsy
shows the histological pattern of fNSIP

Latsi and co-workers" analysed the prognosis of
idiopathic fibrosing interstitial pneumonia, demon-
strating that the distinction between UIP and fNSIP
provides no additional prognostic information once
serial pulmonary function trends have been taken
into account at 12-month follow up. Furthermore,
when the initial DLco was less than 35% predicted,
there was no significant difference in outcome
between UIP and fNSIP, suggesting that the patho-
logical pattern is less important for prognosis in the
setting of relatively severe impairment of lung func-
tion. Similarly, patients who exhibit more than 10%
decrease in forced VC have a poor outcome, whether
they are classified as UIP or f{NSIP! These data show
the role of respiratory function in addition to histo-
logical classification as a prognostic indicator. Our
results indicate the significance of FF related to dete-
riorating pulmonary function in fibrosing interstitial
pneumonia consisting of UIP and fNSIP.

It is also known that FF represent a measure of UIP
activity, being associated with a poor prognosis, and
several studies demonstrate the clinical importance
of FF as a prognostic factor!® Nicholson and
co-workers® demonstrated that an increasing semi-
quantitative FF score was independently associated
with greater declines in forced VC and DL at both 6
months and 12 months. King and co-workers?
demonstrated an association between increasing FE
including the results of semiquantitative grading of
the number of FE and decreased survival in UIP
These data suggest that quantifying the number of
these lesions in a biopsy specimen provides addi-
tional prognostic information. Moreover, Enomoto
and co-workers’ reported quantitative analysis of FF
in UIB showing that the quantitative fibroblast score
was a highly significant predictor of outcome in com-
bined analysis of patients with idiopathic pulmonary
fibrosis and those with collagen vascular disease. Qur
results are almost entirely in agreement with these
previous investigations. However, the %FF in this
study is definitely lower, even in UIP samples, than
that reported by Enomoto et al. Their analysis differed
from ours in that 10 randomly selected fields were
chosen for analysis. These differences in methods for
selecting microscopic fields for study may cause the
difference in the %FF data.

We have provided evidence of a correlation
between FF and pulmonary function in both UIP and

© 2012 The Authors
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INSIP patients. This result indicates that FF may be
another factor predicting the prognosis of fibrosing
interstitial ppeumonias including both UIP and fNSIP
Increasing degrees of FF and the decline of forced
VC or DLeo might be important prognostic pre-
dictors for fNSIP as well as for UIPR Given the poor
benefit achieved with immunosuppressive or anti-
inflammatory agents, these data suggest that future
therapies should be aimed at preventing or inhibiting
the fibroproliferative response.
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suggests that neutrophilic airway inflammation may be one such
factor although this relationship may be a consequence of
coughing rather than causal.
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Pleuroparenchymal fibroelastosis as a manifestation of

chronic lung rejection?

To the Editor:

Idiopathic pleuroparenchymal fibroelastosis is a peculiar
pulmonary fibrosis proposed by Franker et al. [1] in 2003
and is almost the same concept as idiopathic pulmonary upper
lobe fibrosis proposed by Avitastet al. [2]. There are no known
causes for fibrosis in idiopathic plewroparenchymal fibroelas-
tosis. Sometimes, pleuroparenchymal fibroelastosis (PPFE) has
underlying diseases or conditions, such as collagen vascular
diseases, anti-cancer chemotherapy, irradiation, asbestos expo-
sure and bone-marrow transplantation [3]. Herein, we report
the case of a female who received living-donor lung
transplantation and died of pulmonary fibrosis, which was
pathologically compatible with PPFE in addition to constrictive
bronchiolitis, which is a manifestation of chronic lung allograft
dysfunction (CLAD) [4].

A 30~yr-old female suffering from idiopathic pulmonary arterial
hypertension underwent living-donor lung transplantation
surgery and received a right lower lobe from her younger sister
and a left lower lobe from her mother in December 2003.
20 months after the lung transplantation she had dyspnoea and
a chest radiograph disclosed bilateral ground-glass shadows.
1 month later, right open lung biopsy was performed and a
diagnosis of interstitial pneumonia was obtained. Pulse therapy
with methylprednisolone slightly improved her condition

and prednisolone was administered after the pulse therapy.

BURGREAN RESPIRATORY JOUBNAL

However, bilateral interstitial opacities gradually deteriorated
(fig. 1) with increased dyspnoea. 49 months after the lung
transplantation, her daily life had worsened to almost whole-
day bed rest. 18 days prior to her death she noticed fever and
general fatigue and was admitted to our hospital (Dept of
Respiratory Medicine, Fukuoka University Hospital, Fukuoka,
Japan). Pulse therapy using methylprednisolone and antimicro-
bial and antifungal drugs were administered, without effect. She
died 52 months after the lung transplantation. Histological
specimens (figs 1a and b) were obtained at autopsy and chest
computed tomography (fig. 1c) was obtained 51 months after
lung transplantation (1 month before her death). The autopsy
revealed a fibrously thickened visceral pleura and marked
deposition of elastin just beneath the thickened pleura in both
lungs. Alveoli filled with collagen (intra-alveolar fibrosis} were
found around the border between the subpleural elastosis and
the less involved lung parenchyma. There were foci of
constrictive bronchiolitis surrounded by intra-alveolar fibrosis
in the lung parenchyma, away from the pleural/subpleural
fibrosis and elastosis. The pleural fibrosis, subpleural elastosis
and intra-alveolar fibrosis observed in the present case were
identical to the pathological features of PPFE described by
Frankit of al. [1] and were considered as pulmonary fibrosis
secondary to lung transplantation.

In 2008, KONEN et al. [5] reported fibrosis of the upper lobes in
seven lung transplant recipients. In 2005, PakuaLe ¢t al. [6] also
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reported the same concept of the disease in 13 Jung transplant
recipients. The authors presented imaging characterislics of the
fibrosis that started in the upper lobe and expanded to other
lobes. Some patients were autopsied, but they did not exhibit
any specific histological features for the fibrosis, although
some patients had co-existent constrictive bronchiolitis. The
authors also suggested the clinical co-existence of bronchiolits
obliterans syndrome (BOS) and upper lobe fibrosis in the
analysis of the results of 1esp1mlow function tests. They
concluded that the fibrosis was a nove I presentation of chronic
allograft dysfunction in lung transplant recipients.

Using autopsy materials, we examined the histological features
of the fibrosis in a lung transplant recipient and found that the
histology of the fibrosis was identical to that of PPFE. We also
identified constrictive bronchiolitis surrounded by peribronch-
iolar intra-alveolar fibrosis. Intra-alveolar fibrosis and subpleural
elastosis are fundamental features of PPPE [7]. These findings
raise the possibility that a close relativnship exisis between
upper lobe fibrosis and constrictive bronchiolitis and that the
organising process involving the peripheral airway and alveoli
without resolution could be the initial step for the disorder, with
peripheral airway-dominant lesions resulting in BOS and
alveolus-dominant lesions resulting in pulmonary fibrosis.

According to the revised consensus classification of lung
allograft rejection by the International Society for Heart and
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Lung Transplantation (ISHLT) [8], upper lobe fibrosis, as
described by Konen et al. [5] and PaxuiaLe ef al. [6], is a late-
onset complication after lung transplantation that is considered
an unhelpful observation because of the lack of specificity and
the difficulty in the interpretation of transbronchial biopsy
specimens. However, in 2011, Sa10 ef al. [9] proposed the
concept of restrictive allograft dysfunction (RA5) as a form of
CLAD. CLAD was deﬁned as an irreversible decline in forced
expiratory volume in 1 s (FEV1) to <80% of the baseline, and
RAS was defined as CLAD with an irreversible decline in total
lung capacity (TLC) to <290% of the baseline. As FEVI and TLC
in our patient fell to 30% and 44%, respectively, of the best levels
after lung transplantation (baselines) (fig. 2), her ventilatory
impairment met the criteria of RAS.

Becatise RAS was defined functionally, its histological character-
istics have not been well established. SaTo ¢t al. [9 ]Lh racterised
RAS as various stages of diffuse alveolar damage and extensive
fibrosis in the alveolar interstitium with or without consirictive
bronchiolitis lesions. In this report, we presented PPFE as a
possible pathological phenotype of RAS. Our case might share
pathological characteristics with upper lobe fibrosis, which were
described by KONEN ¢f al. [5] and PAkHALE ¢f al. [6].

The close relationship between constrictive bronchiolitis and
intra-alveolar fibrosis in the present case suggests that PPFE
and constrictive bronchiolitis share a common pathway to
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CLAD. PPFE may be a possible pathological phenotype of RAS
and a manifestation of CLAID, as is constrictive bronchiolitis.

We showed that lung transplantation is another underlyving
candition that could induce secondary PPFE. Further studies ave
needed to elucidate the pathophysiology of transplantation-
associated PPEE, which is sometimes a lung manifestation of the
chronic graft-versus-host disease observed in bone-marrow
transplantation, but is sometimes pathology of CLAD in lung
rransplantation.
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Pleuroparenchymal Fibroelastosis: Its Clinical Characteristics

Kentaro Watanabe

Department of Respiratory Medicine, Fukuoka University School of Medicine, Fukuoka 814-0180, Japan

Abstract: Pleuroparenchymal fibroelastosis (PPFE) is a rare pulmonary fibrosis that is clinically characterized by upper-
lobe predominant fibrosis. PPFE is a slowly progressive disorder and its first symptom is dyspnea or dry cough. Chest
pain because of prneumothorax may be the first symptom in some patients. Patients with PPFE are slender with a flat rib
cage or abnormally narrowed anterior-posterior thoracic dimension. Decreases in forced vital capacity, total lung
capacity, and diffusing capacily are respiratory-function characteristics of PPFE, similar to those seen in idiopathic
pulmonary fibrosis (IPF). The most remarkable difference in clinical features between PPFE and IPF is imaging findings,
with upper-lobe-predominant lesions in PPFE and lower-lobe-predominant lesions in IPF.

Keywords: Pleuroparenchymal fibroelastosis (PPFE), pulmonary upper lobe fibrosis, pulmonary fibrosis (IPF).

INTRODUCTION

Pleuroparenchymal fibroelastosis (PPFE) was first repor-
ted by Frankel er al. [1]. PPFE can occur without amy
etiology or underlying diseases (idiopathic PPFE), or with
underlying discases or conditions. Idiopathic PPFE has been
listed as one of the rarve idiopathic interstitial pneumonias
(IIPs) in the revised international multidisciplinary
classification of the IIPs [2]. One of its characteristics is
upper-lobe-dominant progressive pulmonary fibrosis with a
peculiar histopathology consisting of visceral pleural
thickening with collagenous fibrosis, subpleural elastosis,
and intraalveolar collagenous fibrosis [17.

The clinical course of PPFE progresses slowly and is
similar to that of chronic fibrosing interstitial pneumonias,
such as idiopathic pulmonary fibrosis (IPF) and fibrotic
nonspecific interstitial pneumonia (NSIP). Although the
fibrosis is rarely encountered in clinical practice, since the
appearance of the paper by Frankel e al. [1], an increasing
number of studies have examined PPFE. In this chapter, the
clinical characteristics of PPFE will be discussed, together
with the historical changes in the concept of pulmonary
upper-lobe fibrosis.

PULMONARY UPPER-LOBE FIBROSIS: HISTORY
OF THE CONCEPT

There is a long history of pulmonary upper-lobe fibrosis
with unknown etiology. In 1975, Davies ef al. reported five
patients with idiopathic progressive pulmonary fibrosis [3].
The fibrosis was confined to the upper parts of the lung and
resembled pulmonary lesions in ankylosing spondylitis [4].
Their clinicopathological features, such as progressive
dyspnea, marked weight loss, severe restrictive impairment,
and upper-lobe-dominant fibrosis, are similar to those
observed in PPFE today. Similar cases had alrcady been
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published in 1962 and 1966 as “chronic idiopathic
pneumonia” [5] and “idiopathic cavitation of the lung” [6].
Later, similar cases of upper-lobe fibrosis were reported
under the terms “pulmonary upper-lobe fibrocystic changes”
[7}, “pulmonary apical fibrocystic disease” [8], or
“idiopathic progressive pleuropulmonary fibrosis” {9]. The
common radiographic feature in these papers was upper-lobe
fibrosis and not lower-lobe fibrosis, as seen in IPF,

In 1992, Amitani ef al. reported 13 patients with upper-
lobe-localized pulmonary fibrosis with unknown etiology
[10]. This report, written in Japanese, included nine cases
with pathological analysis (open lung biopsy, three cases;
autopsy, two cases; transbronchial lung biopsy, four cases),
which represented the largest number of patients at that time.
In that paper, the authors named the disorder idiopathic
pulmonary upper-lobe fibrosis (idiopathic PULF) and
presented its clinical and histological characteristics as
follows: 1) slender stature with flattened thoracic cage; 2)
progressive bilateral subpleural fibrosis in the upper lobes
with bullac but without honeycombing; 3) recurrent
pneumothorax; 4) no extrathoracic lesions; 5) absence of
acid-fast bacilli and lack of effect of antituberculous drugs;
6) aspergillus infection may be superimposed; and 7) slowly
progressive and fatal condition with 10-20 years of
presentation. The paper by Amitani et al. was followed by
several Japanese case reports describing idiopathic PULF
[11-16], before the paper on PPFE by Frankel er al [1]
appeared in 2004.

A Japanese review article by Kawabata er al. [17] on the
histopathological characteristics of idiopathic PULF was
published in 2003, when the fibrosis was well known among
the interstitial lung disease community of Japanese
pulmonologists, and idiopathic PULF was also called
“Amitani disease”, in his honor. Kawabata described the
pathological features as follows: subpleural atelectatic
induration with the proliferation of elastic fibers and
intraluminal organization or intraalveolar fibrosis in the
upper lobes, and fibrously thickened pleura. Such
pathological features are totally different from those of IPF.

© 2013 Bentham Science Publishers
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A year after the publication of the paper by Kawabata et
-al., Frankel et al. reported five patients with upper-lobe-
dominant pulmonary fibrosis characterized by intense
fibrosis of the visceral pleura and subpleural fibrosis with a
mixture of elastic tissue and dense collagen. They termed the
fibrosis pleuroparenchymal fibroelastosis [1].

“Subpleural atelectatic induration with the proliferation
of elastic fibers and intraluminal organization or
intraalveolar fibrosis™ described by Kawabata er al. [17] is
histologically identical to “subpleural fibrosis with a mixture
of elastic tissue and dense collagen” reported by Frankel et
al. [1]. The main histological features are almost identical in

these two fibroses.

Subsequently, many papers on PULF continued to be
published in Japan [18-26]. Recently, however, an increasing
number of reports have appeared in English on the fibrosis
named PPFE [27-33], and PPFE is now globally accepted as
a representative nomenclature for this disorder (Table 1).

- However, PPFE is a diagnostic term that expresses
histological features. The term “upper-lobe fibrosis” is
necessary for clinicians, especially when discriminating the
disorder from IPF in clinical practice. Therefore, in my
opinion, PULF is to be used for a clinical or clinical-
radiological-pathological diagnosis, and PPFE is to be used
for a histological pattern, as shown in the diagnosis of IIPs in
the international multidisciplinary consensus classification of
the [IPs [34]. At present, however, surgical lung biopsy is
indispensible for the definite diagnosis of this rare
pulmonary fibrosis.

Table1. Same or  Similar  Disease

Pleuroparenchymal Fibroelastosis

Concepts  as

Chronic idiopathic pneumonia [5] 1962

Idiopathic cavitation of Tung [6] 1966

Idiopathic progressive pulmonary fibrosis [3] 1975
Pulmonary upper lobe fibrocystic changes [7] 1978
Upper lobe fibrosis and cavitation [44] 1980

pulmonary apical fibrocystic disease [8] 1981

idiopathic progressive pleuropulmonary fibrosis [9] 1984
Apical pulmonary fibrosis {37] 1988

Idiopathic pulmonary upper lobe fibrosis [10] 1992
Marked pulmonary fibrosis in the upper lung field [12] 1999
Marked pulmonary fibrosis in the upper lobe [13] 1999
Upper lobe fibrosis [36, 41] 2003, 2005

Upper lobe-dominat pulmonary fibrosis [20] 2010

There is a controversy regarding the extent of the
fibrosis: whether the lesions are confined to upper lobes
(“pure” PULF or so-called Amitani disease), extend to
adjacent lobes, or present as isolated usual interstitial
pneumonia (UIP)-like lesions in the lower lobes in addition
to the upper-lobe fibrosis [23]. Some pulmonologists in
Japan claim that pulmonary “upper-lobe-localized” fibrosis
(Amitani disease) should be discriminated from pulmonary
“upper-lobe-dominant” fibrosis, because they think that the
latter might be a variant of UIP or an upper-lobe
manifestation of other fibrosing lung diseases, and Amitani
disease is a peculiar form of fibrosis that is confined to the
upper lobes, unlike what is observed in other IIPs.
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Although the name PULF was originally given to
pulmonary fibrosis localized only in the upper lobes, and not
extending to other lobes [10, 17], it has been disclosed that
the number of patients with fibrosis involving not only the
upper lobes, but also other lobes, is much greater than that of
patients with upper-lobe-localized fibrosis. Moreover, the
boundary between upper-lobe-localized fibrosis and upper-
lobe-dominant fibrosis has become ambiguous in clinical
practice. In addition, it has also been disclosed that the PPFE
pattern as a histological finding is associated with many of
the diseases described below; thus, it appears more important
today to differentiate idiopathic PPFE from secondary PPFE
or PPFE with underlying diseases, rather than to differentiate
upper-lobe-localized fibrosis from upper-lobe-dominant
fibrosis.

CLINICAL CHARACTERISTICS

In this section, PULF is considered to be the same as
PPFE as a clinical entity. Therefore, henceforth, I will use
the term PPFE as being representative of both types of
pulmonary fibrosis, PPFE and PULF, either upper-lobe-
localized or upper-lobe~-dominant fibrosis. Moreover, we
have to differentiate the use of the term PPFE as a clinical
disease from the PPFE histological pattern seen in various
diseases.

Normally, clinical characteristics should be separately
discussed in idiopathic and secondary forms of PPFE. As
seen in patients with ankylosing spondylitis [4], a
considerable number of patients with PPFE have underlying
diseases or conditions that might be relevant to its
occurrence and development (Table 2). In this chapter, the
term PPFE will be used for both fibrosis with and without
underlying diseases, otherwise specified as idiopathic PPFE
or secondary PPFE (or PPFE with underlying diseases),
respectively.

Table 2. Underlying Diseases or Conditions that may be
Associated with Pleuroparenchymal Fibroelastosis

(PPFE)

Idiopathic PPFE
Radiation
Anticancer chemotherapy
Bone marrow- or stem cell-iransplantation
Lung transplantation
Oceupational dust exposure

Asbestos

Alominum
Infection

Aspergillus

Mycobacterium avium-intracellulare
Hereditary PPFE ~ PPFE with family history
Autoimmune diseases

Rheumatoid arthritis

Ulcerative colitis

Psoriasis

Ankylosing spondylitis

Hypersensitivity pneumonitis




