common mechanism for organogenesis and pathogenesis of

EFFECT OF TAZ INACTIVATION ON KIDNEY CYST FORMATION AND LUNG AIR SPACES

luman discases.
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Non-Infectious Bronchiolitis as an Early Pulmonary
Complication of Hematopoietic Stem
Cell Transplantation

Hidenori Kage', Tadashi Kohyama', Hiroshi Kitagawa', Daiya Takai’, Yoshinobu Kanda®,

Nobuya Ohishi’ and

Takahide Nagase'

Abstract

Pulmonary complications occur in up to 60% of patients afier hematopoietic stem cell transplantation
(HSCT), causing significant morbidity and mortality. Among them, non-infectious bronchiolitis is considered
a late complication in the form of bronchiolitis obliterans. We report a patient who developed non-infectious

bronchiolitis within four weeks after undergoing HSCT

for biphenotypic leukemia. Chest CT revealed centri-

lobular nodules that were reminiscent of diffuse panbronchiolitis, and lymphocytic bronchiolitis was con-
firmed by biopsy. Infection and bronchiolitis obliterans were ruled out, and the bronchiolitis resolved when

leukemia relapsed. This case suggests that bronchiolitis
plication of HSCT.

may be another early, non-infectious pulmonary com-

Key words: bronchiolitis, hematopoietic stem cell transplantation, diffuse panbronchiolitis
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Introduction

Hematopoietic stem cell transplantation (HSCT) is used to
treat hematological, neoplastic, autoimmune, and genetic
diseases, often providing prolonged survival. However, com-
plications are common in the lung; they occur in up to 60%
of patients, and account for more than 30% of all
transplantation-related deaths (1). They are classified as in-
fectious or non-infectious, and a higher proportion of non-
infectious complications have accounted for morbidity and
mortality in recent years because the incidence of infection
has diminished with effective prophylaxis. Several non-
infectious pulmonary complications have been recognized:
pulmonary edema, engraftment syndrome, diffuse alveolar
hemorrhage, idiopathic pneumonia syndrome, veno-occlusive
disease, organizing pneumonia, and bronchiolitis obliterans
(BO) (1, 2). BO usually develops after the first 100 days
post-transplant, and bronchiolitis other than BO have not
been recognized as an early, non-infectious complication of
HSCT, Here, we report a case of non-infectious bronchiolitis

distinct from BO that developed within the first month of
HSCT.

Case Report

A 19-year-old man developed dyspnea, impaired hemosta-
sis, and arthralgia of the lower limbs. Blood tests revealed
WBC 198,000/uL, Hb 5.1 g/dL, PIt 15,000/uL. He was ad-
mitted for suspected leukemia. Bone marrow aspiration re-
vealed that 67% of nucleated cells were blasts, which were
positive for CD10, CD13, CDI14, CD19, CD20, CD22,
CD33, CD34, HLA-DR, and myeloperoxidase, and a diag-
nosis of acute biphenotypic leukemia of B cell and myeloid
lincage was made according 1o the European Group of Im-
munological Classification of Leukemias criteria (3). Two
courses of chemotherapy consisting of 170 mg/day of cyta-
rabine on days 1-7 and 20 mg/day of idarubicin on days 5-7
resulted in induction failure, as did two courses of high-dose
cytarabine of 6,800 mg/day on days 1-4 and 12 mg/day of
mitoxantrone on days 1-2. On-disease allogeneic peripheral
blood stem cell transplantation from a completely HLA-
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Figure 1.

™

a) Chest CT on day 25 after transplantation, showing small, diffuse, centrilobular nod-

()

ules, consistent with bronchiolitis. b) Chest CT on day 46, showing that the nodules have regressed.

matched sibling [HLA-A (31, 33), B (51, 58), and DR
(0301, 0802)] was performed. Pre-transplant paranasal sinus
radiograph, chest CT, and spirometry were normal. The con-
ditioning regimen was 2 Gy of total body irradiation twice a
day on days -6 to -4 for a total of 12 Gy, and 3,500 mg/day
of cyclophosphamide on days -3 and -2. As prophylaxis
against grafl-versus-host disease (GVHD), he was given 170
mg/day of cyclosporine starting from day -1, and 17 mg of
methotrexate on dayl and 12 mg/day on days 3 and 6. Ce-
fepime, vancomycin, micafungin, and acyclovir were given
as prophylaxes against infection. CD34-positive peripheral
blood stem cells were infused at a dose of 4.4x10° cells/kg.
Engraftiment was confirmed on day 23. On the same day,
erythema of the palms and soles were noted, and grade 1
acute GVHD was diagnosed.

A fever of 37.6 degrees, purulent sputum, and dyspnea
developed on day 24. On auscultation, lungs were clear. Se-
rum fungal antigens for Aspergillus, Cryptococcus, and Can-
dida, and the cytomegalovirus (CMV) pp65 antigenemia as-
say were negative, Chest radiograph showed diffuse nodular
shadows in both lower lung fields, and sinus X-ray showed
fluid in the maxillary sinuses. Bone marrow aspiration on
day 30 revealed no blasts, confirming remission, Chest CT
on day 32 revealed diffuse, bilateral centrilobular nodules
with a predominance in the lower lung fields (Fig. 1A), and
sinus CT showed fluid and mucosal thickening of the fron-
tal, maxillary, ethmoidal, and sphenoid sinuses, together
reminiscent of diffuse panbronchiolitis (DPB). Arterial blood
gas showed pH 7.42, PaO; 75 Torr, and PaCO: 40 Torr
while breathing ambient wair. Pulmonary function tests
showed declines in FEVi, from 4.1 L 10 24 L, and in
FEV\%, from 91% to 67%, and an increase in V50/V 25,
from 1.9 to 4.3, indicating significant airflow obstruction.
%VC, %RV, %TLC, and RV/TLC all declined from 99% 1o
90%, from 132% ta BO%, from 9Y5% to 78%, and from 29%
to 21%, respectively, Diffusing capacity was unchanged.
Analysis of broncho-alveolar lavage fluid (BALF) showed
total cell counts of 58x10° cells/ml with differential cell
counts of 25% macrophages, 50% lymphocytes, and 25%
eosinophils. Of the lymphocytes, 95% were CD3-positive T
cells, and the CD4/8 ratio was 0.70. The peripheral blood
white blood cell count was 6,500/ul, and the leukocyte dif-
lerentials showed 42% neutrophils, 319% cosinophils, 4% ba-

Figure 2. Transhronchial biopsy (Hematoxylin and Eosin
staining, x100) shows lymphocytic bronchiolitis with involve-
ment of the adjacent alveoli.

sophils, 18% monocytes, and 5% lymphocytes. Bacterial,
mycobacterial, and fungal cultures of the BALF were nega-
tive, as were the polymerase chain reaction assays for As-
pergilius, Pneumaocystis jiroveci, CMV, respiratory syncytial
virus, parainfluenza virus, and adenovirus, ruling out infec-
tion. Histological examination of trans-bronchial lung biopsy
showed lymphocytic bronchitis and bronchiolitis with in-
volvement of adjacent alveoli (Fig. 2). Very few eosinophils
were seen. The infiltrating lymphocytes were CD8-positive
T cells. The histological findings were not indicative of any
infection or bronchiolitis obliterans.

Chest CT on day 46 showed that the lesions had re-
gressed without any treatment (Fig. 1B). On the same day,
leukemia cells were found in the peripheral blood, indicating
disease relapse, and resolution of GVHD was also observed.
The patient died of leukemia on day 64.

Discussion

We have described a case of non-infectious lymphocytic
bronchiolitis that developed within a month of HSCT. Chest
CT showed centrilobular nodules, pulmonary function tests
showed airflow limitation without a decrease in diffusing ca-
pacity, and biopsy confirmed the presence of lymphocytic
bronchiolitis. There was no evidence of infection, and the
clinical picture was quite different from any of the well-
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described non-infectious pulmonary complications of HSCT:
pulmonary edema, peri-engraftment respiratory distress syn-
drome, diffuse alveolar hemorrhage, idiopathic pneumonia
syndrome, veno-occlusive disease, organizing pneumonia, or
BO (1, 2). The present case suggests that bronchiolilis may
represent another early, non-infectious pulmonary complica-
tion of HSCT.

We do not consider the present case to be BO for three
reasons. First, BO usually develops after the first 100 days
after ransplantation (4). Second, the typical CT findings of
BO are air trapping, small airway thickening, or bronchiec-
lasis, not centrilobular nodules (4). Third, biopsy findings
did not show any fibrosis or eosinophilic scarring of the
bronchioles resulting in narrowing of the lumen, suggestive
of BO (5). It has been reported that airflow obstruction de-
velops in the early stages after HSCT without any finding
suggestive of BO (6). Therefore, it is possible that some
cases of BO are sequelae of early bronchiolitis. Early bron-
chiolitis may have previously gone mostly unnoticed be-
cause of its mild clinical course,

The significance of an increase of cosinophils in the BAL
fluid is unclear because only a few eosinophils were seen in
biopsy specimens. This discrepancy is sometimes seen in
diffuse lung diseases; however, what it indicates is not
known. We consider that eosinophils had less of a role com-
pared to lymphocytes based on the histological findings.

The chest CT finding of diffuse, centrilobular nodules
with a lower lobe predominance together with clinical syn-
dromes of purulent sputum, dyspnea, sinusitis, and airflow
limitation was reminiscent of diffuse panbronchiolitis
(DPB), a disease with chronic inflammation of the respira-
tory bronchioles most often seen in East Asians (7). How-
ever, it is clear he did not have DPB because there was no
airflow obstruction and chest CT was normal before trans-
plantation. It is possible that bronchiolitis and sinusitis share
a common etiology, causing a sinobronchial syndrome, but

infection was never ruled out. Therefore, the significance of
sinusilis is unclear.

As a complication of HSCT, there have previously been
several pathological descriptions of airway disease other
than BO. Beschorner et al examined autopsy material from
59 patients with a mean survival of 48 days after receiving
bone marrow transplants, and found that 15 had lymphocytic
bronchitis (8). Yousem reviewed lung biopsy specimens and
described lymphocytic bronchitis or bronchiolitis, distinct
from BO, with cellular interstitial pneumonia as one of the
manifestations of pulmonary GVHD (9), There have also
been case reports of lymphoeytic pneumonitis, but not bron-
chiolitis (10, 11). To our knowledge, this is the first clinical
report on early, non-infectious, non-BO bronchiolitis compli-
caling HSCT.

The pathogenesis of the well-recognized, early, non-
infectious pulmonary complications have not yet been fully
elucidated, but proposed mechanisms include conditioning-
related toxicities, immune-mediated injury, and occult infec-
tion (1). The pathogenesis of non-infectious bronchiolitis re-
mains obscure. Beschorner et al reported that the develop-
ment of lymphocytic bronchitis was significantly correlated
with the presence of GVHD (8), which is in agreement with
the report of Yousem (9) and that using a rat model (12). On
the other hand, some have suggested that lymphocytic bron-
chitis is unrelated 1o GVHD, using canine models (13). In
the present case, because infection was effectively ruled out,
and because the bronchiolitis was resolved without any
treatment as leukemia relapsed and GVHD subsided, an
immune-mediated injury in which the donor lymphocytes at-
tack the recipient airway cells, may be the most plausible
explanation.

In conclusion, the present case suggests that bronchiolitis
may be considered a distinet form of early non-infectious
pulmonary complication of HSCT.
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Clarithromycin inhibits fibroblast migration
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Summary

The aim of the current study was to investigate the effect of 14-membered ring macrolide clar-
ithromycin (CAM) on migration induced by human plasma fibronectin (HFn) or on contraction of
human fetal lung fibroblasts (HFL-1).

Methods and results: Using the blindwell chamber technique, CAM (10 ° M) inhibited the
migration of HFL-1 60.2 -+ 4.0% (p < 0.05). Other antibiotics, such as ampicillin, minocycline
or azithromycin had no effects on HFL-1 migration. The effect of CAM was concentration
dependent. HFL-1 migration, stimulated by TXA; analog was also inhibited by CAM. Clarithro-
mycin had no effect on HFL-1 mediated gel contraction that was another function of fibroblast
at the wound area.

Conclusions: Clarithromycin may contribute to the regulation of the wound healing response
following injury by inhibiting fibroblast migration. These results could represent the thera-
peutic benefits of CAM,

© 2008 Elsevier Ltd. All rights reserved.

Introduction

After tissue injury, fibroblast migration from surrounding
peri-wound connective tissue into the site of wound area
and fibroblast contraction at wound area plays an impor-
tant role in repairing process. Under normal circumstances,
fibroblasts are quiescent mesenchymal cells. However, in
some inflammatory processes, fibroblasts become activated

* Corresponding author. Tel.: +81 03 3815 5411; fax: ~81 03 3815
5954,
E-mail address: koyama-tky@umin.ac.jp (T, Kohyama).

and excess number of their migration would cause replace-
ment of normal parenchymal elements of tissue to fibrosis. '
These changes can distort normal tissue architectural rela-
tionship, can compromise organ function and can cause
fibrosis. One of the therapeutic objectives in fibrotic
disease is to reduce the local inflammatory response
through the reduction of excess migration and contraction
of fibroblast,

The macrolide is a group of antibiotics which have unique
large macrocyclic lactone ring. Macrolide inhibits bacterial
protein biosynthesis by binding to the subunit 505 of the
bacterial ribosome. Macrolide s effective against Gram-
positive cocci, mycoplasma, mycobacteria, and chlamydia.

0954-6111/S - see front matter ® 2008 Elsevier Ltd. All rights reserved.

doi:10.1016/§.rmed, 2008.06.020
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Among them, 14-membered ring macrolides, however,
have curious effects on inflammatory processes. Low dose
erythromycin therapy improves the survival or lung function
of patient with intractable diseases, such as diffuse
panbronchiolitis (DPB) which is mostly recognized in Asian
and cystic fibrosis which is most common inherited disease
in Caucasian.??® According to the data of inhibition of
inflammatory cytokine productions,** changing the Th1/
Th2 cytokine ratio® and effectiveness in cancer studies,” *
macrolide effects might be immunomodulatory activities.
In vivo study also shows that macrolide might prevent the
lung injury and fibrosis in bleomyein-challenged mouse. '®

However, the precise mechanism of 14-membered ring
macrolide has not been elucidated clearly yet, The current
study evaluated the potential effects of CAM on fibroblast-
mediated repair responses by using in vitro models of tissue
remodeling. Our findings, therefore, support the notion
that CAM may play a role in the remedy of remodeling of
the lung.

Materials and methods
Materials

Clarithromycin was generously provided by Taisho Pharma-
ceutical Co. (Tokyo, Japan). Ampicillin (ABPC), minocycline
(MINO) and azithromycin (AZM) were purchased from SIGMA
(St. Louis, MO). KT5720 was purchased from Calbiochem
(San Diego, CA). Ampicillin (1072 M), MINO (2 x 1072 M) was
dissolved into dH,0, CAM (5x 10°*M) and AZM(1077 M)
were dissolved into 100% ethanol and KT5720 was dissolved
into dimethylsulfoxide (DMS0) at 102 M for stock reagents.
According to the reports of previous experiments, '3 12
we chose the concentration of each drugs as follows: MINO
(1075 M); ABPC (107° M); CAM (1073 M); AZM (1073 M). Those
concentrations were around the clinical plasma levels
achieved pharmacologically after using standard dosage.
Tissue culture supplements and media were purchased
from GIBCO (Life Technologies, Grand Island, NY). Fetal
calf serum (FCS) was purchased from Biofluid (Rockville,
MD). Human fetal lung fibroblasts (HFL-1) were obtained
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Figure 1

from the American Type Culture Collection (Rockville, MD).
A second strain of human fetal lung fibroblasts (WI-38) was
purchased from Health Science Research Resources Bank
(Osaka, Japan). The cells were cultured in 100 mm tissue
culture dishes (FALCON; Becton—Dickinson Labware,
Lincoln Park, NJ) in Dulbecco's modified Eagle medium
(DMEM, Gibco, Grand Island, NY), supplemented with 10%
FCS, 50 U/ml penicillin G sodium and 50 pg/ml strepto-
mycin sulfate (penicillin—streptomycin, GIBCO) in a humid-
ified atmosphere at 37 °C and 5% CO,. The fibroblasts were
routinely passaged every 4 or 5 days and cells were used
between passage 13 and 21 in all experiments. Sub-
confluent fibroblasts were removed from the dishes by
treatment with 0.05% trypsin in 0.53 mM ethylenediamine-
tetraacetic acid and stop the reaction by soybean trypsin
inhibitor (GIBCO). After centrifuging to remove the trypsin
inhibitor, cells were re-suspended in DMEM without serum.

Cell toxicity examination

Preliminary, MTT assay was performed to test the toxicity
of reagents and diluents. Briefly, after being cultured for
6 h with each reagent in 96 well culture plate, the medium
were discarded and 100 ul MTT solution (200 ug/ml in
DMEM) per well was added. After another 4 h incubation,
MTT solution were discarded and 100 pl of DMEM per well
was added to melt formazan crystal. The QD values were
read at 630 nm wavelength.

Fibroblast migration

HFL-1 and WI-38 migrations were assessed by the Boyden
blindwell chamber system'? using 48-well chambers (Nucle-
opore, Cabin John, MD). The chemoattractant fibronectin
was placed in the bottom chamber, The upper and lower
portions of the chamber were separated by the 8 um pore
filter (Nucleopore, Pleasanton, CA) coated with 0.1%
gelatin (Bio Rad, Hercules, CA). The top manifold was
placed and human fetal lung fibroblasts (1.0 x 10°ml in
DMEM without serum) were loaded into the upper wells of
the chamber with the desired concentration of CAM or
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MTT assay. Vertical axis, expressed as percentage of control. Horizontal axis: conditions. (A) HFL-1, (B) WI-38. Data

shown are means + SEM for three separate experiments. Each conditions for MTT assay in triplicate.
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Figure 2  Inhibition of fibroblast migration by CAM. Migration

of HFL-1 fibroblasts was measured with blindwell assay system
using human fibronectin with or without the CAM (107°M).
Vertical axis, fibroblast migration expressed as number of cells
migrated per 5 high-power fields; horizontal axis: concentra-
tion of fibronectin. Data shown are means + SEM for represen-
tative data from three separate experiments. Each
experiments for migration in triplicate. (‘p < 0.05).

other additives. The chamber was then incubated at 37 °C
in a moist, 5% CO, atmosphere. Except the time course
experiment chambers were incubated for & h, after which
the cells on the top of the filter were removed by scraping.
The filter was then fixed, stained with Diff Quik stain (Inter-
national reagents CORP, Kobe, Japan), and mounted on
a glass microscope slide. Migration was assessed by count-
ing the number of cells in 5 high-power fields using a light
microscope. Triplicate wells were prepared in each experi-
ment for every condition. Replica experiments were
performed with separate cultures of cells on separate
occasions.
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Collagen gel contraction assay

To test the CAM effect on contractility of fibroblast,
another function of fibroblast, fibroblast-mediated gel
contraction was measured according to a method devel-
oped by Bell and coworkers.'* Collagen gels were prepared
as described previously.'” Briefly, Type | collagen that was
extracted from rat tail,’® distilled water, 4 x DMEM and
fibroblast suspensions were mixed by pipetting so that the
final mixture resulted in 0.75mg/ml of collagen,
3 x 10° fibroblasts/ml gel and a physiologic fonic strength
of 1 x DMEM. A 500 pl portion of the gel solution was then
cast into each well of a 24-well tissue culture plate
(FALCON). After gelation, the gels were released into
60 mm tissue culture dishes (FALCON) containing 5ml of
DMEM with designed concentration of CAM. The floating
gels were cultured for up to 5 days, and the ability of the
fibroblasts to contract the gels was determined by quanti-
fying the area of the gels daily using an image analyzer
(ATTO, Tokyo, Japan).

Statistical analysis

Samples with multiple comparisons were analyzed for
significance using analysis of variance (ANOVA). Pair-wise
comparisons were analyzed by independent two sample t-
test where the critical value is adjusted for multiple
comparisons by the Tukey test. (p < 0.05) Summary data
are expressed as mean =+ SEM.

Results

MTT assay showed that each concentration of the reagents
and diluents using these experiments were not toxic for the
fibroblasts (Fig. 1).

The migration was measured by using the blindwell assay
system. Fibronectin put in the lower wells directed the
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Figure 3

Inhibition of fibroblast migration by CAM: concentration dependence. Fibronectin (20 ug/ml) was used as the chemo-

attractant. Clarithromycin was added to the fibroblasts at various concentrations immediately before the cells were placed in the
top wells of the chemotaxis chamber. (A) HFL-1, (B) WI-38. Vertical axes: fibroblast migration expressed as a percentage of that

control. Horizontal axis: CAM concentration. Data shown are means + SEM for triplicate separate experiments, each assayed for

chemotactic activity in triplicate. (*p < 0.05).
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Figure 4 Clarithromycin effect on the chemokinesis of HFL-1.
Same concentrations of human fibronectin were placed both
above and below the filter. There is no chemoattractant
gradient. Vertical axes: fibroblast migration expressed as
number of cells migrated per 5 high-power fields; Horizontal
axis: fibronectin concentration of both sides. Data shown are
means + SEM for representative data from three separate
experiments. Each experiments for migration in triplicate.
(*p < 0.05).

HFL-1 migration in concentration dependent fashion. Clar-
ithromycin (107 M) added in the top wells inhibited the
HFL-1 migration at 10 and 20 pg/ml of fibronectin (Fig. 2).

Clarithromycin inhibited the fibronectin (20 pg/ml)
directed migration in concentration dependent manner.
The inhibitory effect reached significant by 107% M of CAM
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Figure 5 Inhibition of fibroblast migration by CAM: time

course. Fibronectin (20 pg/ml) was used as the chemoattrac-
tant. Clarithromycin was added to the fibroblasts in the top
wells at various concentrations. The chambers were incubated
and after varying times, removed for staining and counting.
Vertical axis: fibroblast migration expressed as number of cells
migrated per 5 high-power fields; horizontal axis: time in
hours. Data shown are means +SEM for representative data
from three separate experiments. Each experiment for migra-
tion in triplicate (*p < 0.05).

on HFL-1 (control, 100%; CAM 107°M, 73.7+7.3%,
p <0.05) and by 107> M of CAM on WI-38 (control, 100%;
CAM 1073 M, 46.2 + 15.5%, p < 0.05) (Fig. 3).

To determine if CAM inhibit chemokinesis, same concen-
trations of human fibronectin were placed both above and
below the filter. The meaning of this experiment shows
there is no chemoattractant gradient (chemokinesis) even
in the presence of increasing concentrations of fibronectin
above and below the filter. Clarithromycin also inhibited
chemokinesis (at fibronectin 10 pg/ml; control, 59.3 +2.9;
CAM 1077 M, 40.3 +0.9%, p < 0.05) (Fig. 4).

In the time course assay, the accumulation of the HFL-1
continued to increase even at the end point we tested
(12 h). Clarithremycin (107* M) inhibited the HFL-1 migra-
tion at 6 h (control, 76.0 +5.6; CAM, 107°M 48.0+ 7.1%,
p < 0.05) (Fig. 5).

To elucidate the inhibitory effects of CAM on the
activated fibroblast as in the inflammatory area, we tested
the CAM effect on the fibroblast activated by TXA; analog
U46619. Clarithromycin (107 M) significantly inhibited the
U46619 (2 x 1077 nM) activated fibroblasts migration (con-
trol = 100%; U46619, 130.3+8.2; U46619 plus CAM
107° M, 53.1 4 2.5%, p < 0.05) (Fig. 6).
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Figure 6 Effect of CAM on stimulatory cells by TXA; analog

U46619. HFL-1 were pre-incubated with U46619 (2 x 1077 M)
in monolayer culture for 1h and then harvested for migration.
Fibronectin (20 g/ml) was used as chemoattractant. Clarithro-
mycin (10°*M) was added to the fibroblasts in the top wells
with 2 = 1077 M of U46619. Vertical axis, fibroblast migration
expressed as percentage of control. Data are means + SEM
for triplicate cultures each assayed for migration in triplicate.
(*p < 0.05).
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We have tried to check another antibiotics Ampicillin
(ABPC) (10> M), minocycline (MINO) (10~® M) and azithro-
mycin (AZM) (107*M) effects on human lung fibroblast
migration. Among them CAM but other antibiotics inhibited
the migration of HFL-1. (control = 100%; ABPC 90.7 +5.1%;
MINO, 105.64+9.7%, CAM 45.8+4.6% p<0.05, AIM
99.5 £ 15.3%) (Fig. 7A). As azithromycin is one of the mac-
rolides, we confirmed its effect with several concentra-
tions. Azithromycin had no effect on HFL-1 migration
(Fig. 7B).

Among the fibroblast functions in the wound area,
contractility is also important for repair and remodeling
process. To elucidate the CAM effect on it, we have used
gel contraction assay system. Clarithromycin had no effect
on fibroblast contraction in the gel (Fig. 8).

There is no clear mechanism report of CAM effect on
fibroblast migrations. Most of the reagents which inhibit the
fibroblast migrations are related to the activation of
protein kinase A.'7'® To determine if the inhibition of
migration toward fibronectin by CAM is by way of PKA
pathway, we assessed the PKA inhibitor KT5720 with CAM.
As there is the report which showed that KT5720 block
the inhibitory effect of PGD; on fibroblast migration,'® we
put the PGD; examination as control. KT5720 did not block
the inhibitory effect of CAM on HFL-1 migration (Fig. 9).

Discussion

The current study demonstrates that CAM was capable of
inhibiting fibroblast migration to human fibronectin. The
effects by CAM were concentration dependent. Clarithro-
mycin also inhibited the TXA, analog U46619 stimulated
migration of HFL-1. Moreover, CAM inhibited both human
lung fibroblast chemotaxis and chemokinesis. Clarithromy-
cin had no effect on contractility of fibroblast that is impor-
tant function for end stage of wound healing.

The accumulation of fibroblasts to the wound site is
often a key event in both normal repair and in the
development of fibrosis,
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In the process of it, fibroblast migration, proliferation
and contraction are essential events. Under normal repair
process, adequate numbers of fibroblasts migrate to the
wound area.

However, an excess accumulation of fibroblasts and
excess deposition of extracellular matrix produced by
fibroblast results in replacement of the normal tissue
parenchyma with fibrotic scar, which results in irreversible
distortion of the lung's architecture and compromising
organ function.'®’

Idiopathic pulmonary fibrosis (IPF) is a chronic, progres-
sive and fetal lung disorder. The mean prognosis after
diagnosis is ranging from 3 to 5 years.” The treatments
employed currently are steroids and cytotoxic agents,
however, both of them have not been proven to prolong
survival or improve pulmonary function among patients
with IPF. The critical phenomenon which related prognosis
is ongoing epithelial damage and persistent fibroblastic
proliferation.”’

In this context, the reagent which controls the fibroblast
function might be a good medicine.

Clarithromycin, a 14-membered ring macrolide, is known
as an antibiotic. Recently we have used this medicine as
immunomodulatory drug. This opinion is supported by in
vitro and in vivo data. Clarithromycin decreases the
production of cytokines,* ® changes the Th1/Th2 cytokine
ratio® and prevents the lung injury and fibrosis in bleomy-
cin-challenged mouse.™®

These reports will give us hints to explore that clari-
thromycin might make biological actions on the cells which
are important for wound healing or remodeling in the
inflammatory milieu.

Our data showed that CAM inhibited fibroblast migration.
This is important effect for inhibiting the remodeling.

Fibronectin of plasma is chemotactic for HFL- 1 and WI-38.

For the reason mentioned below, we used the fibro-
nectin for chemoattractant of fibroblasts. Fibronectin, one
of the extracellular matrixes, is mainly produced by
fibroblasts?? and soluble in plasma and tissues. Fibronectin
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Figure 7  Effects of other antibiotics on fibroblast chemotaxis. HFL-1 migration was performed in the Boyden blind well chamber
assay system. (A) Ampicillin (ABPC) (10~ M), minocycline (MINO) (105 M), CAM (10 % M) and azithromycin (AZM) (10~° M) were
added to the top of each well. (B) Several concentration of AZM was tested. Vertical axis, fibroblast migration expressed as
percentage of control. Horizontal axis: each condition. Data are means + SEM for triplicate cultures each assayed for migration

in triplicate. (*p < 0.05),
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Figure 8 Effect of CAM on collagen gel contraction. HFL-1

was cast into gel and floated on the conditioned media. The
size of gel area was measured every day. Vertical axis: gel
size as percentage of initial area; horizontal axis, time after
release (day). Data shown are means + SEM for representative
data from three separate experiments. Each experiments for
contraction in triplicate. (*p < 0.05).

content of the wound matrix is much higher than that of the
adjacent tissue,?® It is reasonable for fibroblast and inflam-
matory cells, such as neutrophil and monocyte, to migrate
into the wound area.?* ® Recruiting the inflammatory cells
is important for management of infection and removal of
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Figure 9 Effect of protein kinase A inhibitor on CAM reducing
HFL-1 migration. HFL-1 migration was performed in the Boyden
blind well chamber assay system. Protein kinase A inhibitor
KT5720 was added to the upper wells with or without CAM.
KT5720 effect on PGD; was the positive control of this assay.
(*p < 0.05).

tissue debris in the wound area. Fibronectin helps platelet
to attach to collagen®® and enmeshed in blood clots®® at the
defect of tissue. Moreover fibronectin mediate fibroblasts
attachment to collagen.’® Taken together, these findings
suggest that fibronectin is very important for wound
healing,

Our data clearly showed that CAM inhibited the migra-
tion of even the stimulated fibroblast by TXA; analog
U46619.

TXA; is an inflammatory mediator that can modulate
a variety of important biologic functions, including coagula-
tion and vasomotor and bronchomotor reactivity.’! Several
report shows that adequate physiologic concentration of
U46619 (TXA; analog) is 10°°—10"®M.*%?* Our previous
study showed that 2 x 1077 nM of U46619 showed highest
activity of fibroblast migratiun,"' then we chose this
concentration for stimulator of migration.

Clarithromycin had no effect on fibroblast contraction
which is another function and final process of wound
healing. Not like other drugs which effect on fibroblast
migration,*** CAM effect might be limited in early part of
wound healing process.

The mechanism of CAM effect on the fibroblast migration
is not clear. Previous studies demonstrate that several
mediators that inhibit the lung fibroblast migration are
related to the protein kinase A (PKA).'7¥ The current study
indicated that CAM effect but PGD; on HFL-1 migration was
related to protein kinase A (Fig. 9). We had also tried but
fail to show the effect of CAM on the p38 activity that is
related to cell migration®® (data not shown). Continuous
study of CAM mechanism would be required.

There are no clinical trials with CAM for treatment of
fibroblast related to wound healing such as IPF. However,
there are in vivo experiment reports which show macrolide
effects on mouse models of idiopathic pulmonary fibrosis.
Fourteen-membered ring macrolides inhibit bleomycin-
induced acute lung injury.*®*° Recent studies have shown
that both COPD and asthma are also associated with fibrosis
of small airways.*'"** We might be able to expand the treat-
ment territory with CAM even to COPD and asthma, and to
use CAM. There is a possibility of using CAM for treatment of
these diseases.

In summary, the current study demonstrated that clar-
ithromycin could inhibit fibroblast migration. This effect of
CAM could potentially reduce the tissue remodeling and
relieve the diseases of fibrotic.
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Platelet-Activating Factor Production in the Spinal Cord of
Experimental Allergic Encephalomyelitis Mice via the Group
IVA Cytosolic Phospholipase A,-Lyso-PAFAT Axis’

Yasuyuki Kihara,* Keisuke Yanagida,* Kayo Masago,* Yoshihiro Kita,* Daisuke Hishikawa,*
Hideo Shindou,* Satoshi Ishii,*" and Takao Shimizu®*

Platelet-activating fuctor (PAF; 1-0-alkyl-2-acetyl-sn-glycero-3-phosphocholine) plays a critical role in inflammatory disorders
including experimental allergic encephalomyelitis (EAE), an animal model for multiple sclerosis (MS). Although PAF accumu-
lation in the spinal cord (SC) of EAE mice and cerebrospinal finid of MS patients has been reported, little is known about the
metabolic processing of PAF in these discases. In this study, we demonstrate that the activities of phospholipase A, (PLA,) and
acetyl-CoA:lyso-PAF acetyltransferase (LysoPAFAT) are elevated in the SC of EAE mice on a C57BL/6 genetic background
compared with those of naive mice and correlate with disease severity, Correspondingly, levels of groups IVA, IVB, and IVF
cytosolic PLA s, group V secretory PLA,, and LysoPAFAT transcripts are up-regulated in the SC of EAE mice. PAF acetylhy-
drolase activity is unchanged during the disease course. In addition, we show that LysoPAFAT mRNA and protein are predom-
inantly expressed in microglin. Considering the substrate specificity and involvement of PAF production, group IVA cytosolic
PLA, is likely to be responsible for the increased PLA, activity. These data suggest that PAF accumulation in the SC of EAE mice
is profoundly dependent on the group IVA cytosolic PLA /LysoPAFAT axis present in the infiltrating macrophages and activated
microglia. The Journal of Immunology, 2008, 181: 5008-5014.

latelet-activating  factor  (PAF*;  1-Q-alkyl-2-acetyl-sn-
glycero-3-phosphocholine), a potent  proinflammatory
lipid medintor (1), is believed to be synthesized via two
distinet pathways. the de novo and remodeling pathways (Ref. 2
and see Fig. 1). The latter pathway 1s primanly involved in the
synthesis of PAF by stimulated inflammatory cells such as murine
peritoneal cells (3. 4) and human granulocytes (5). The initiation of
the remodeling pathway requires membrane phospholipid hydro-
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lysis by phospholipase Ays (PLA;: EC 3.1.1.4) that supply lyso-
PAF. a precursor of PAF. Acetyl-CoA:lyso-PAF acetyltransferase
(LysoPAFAT: EC 2.3.1.67) converts lyso-PAF into PAF. PAF ac-
tivates the PAF receptor (PAFR). a member of the superfamily of
G protein-coupled receptors (6), and elicits a variety of biological
responses (1). PAF 1s rapidly degraded by PAF acetylhydrolases
(PAF-AH; EC 3.1.1.47) that cleave the acetyl group at the sn-2
position to reform lyso-PAF (7).

PLA,; are classified into three groups: group VI calcium-inde-
pendent PLA s (iPLA s). secretory PLA s (sPLA5). and group 1V
cytosolic PLA,s (¢PLA,) (8). Group IVA cPLA, preferentially
liberates arachidonic acid from 2-arachidonoyl-phospholipids (8,
9). The released armchidonic acids are in tum converted into PGs
and leukotrienes via the arachidonic acid cascade (10). It is thought
that group VI iPLA; and some types of sPLA s have the potential
to initiate the arachidonic acid cascade. even though these enzymes
lack significant substrate specificity (8). Group IVA cPLA, is also
essential for producing PAF, since PAF synthesis is significantly
dimimshed in caleium ionophore-stimulated macrophages derived
from group IVA cPLA-deficient mice as compared with those
from wild-type mice (11). Recently. our group has successiully
overcome the long-standing challenges of cloning and identifying
LysoPAFAT (12). a critical enzyme that produces PAF. We
termed the enzyme LsoPAFAT/LPCAT2 (lysophosphatidylcho-
line acyltransferase 2) (12). We have demonstrated that murine
macrophages and neutropluls express LysoPAFAT/LPCAT2
mRNA and possess a LysoPAFAT activity (3. 12). Furthermore.
LysoPAFAT/LPCAT2 mRNA is induced by the ligands for TLRs
4 and 9 i murine macrophages (12). These results imply that
LysoPAFAT plays a crucial role in the enhanced PAF production
in inflammatory disorders.

Multiple sclerosis (MS) is considered 0o be a CD4™ T cell-
mediated autoimmune disease and is charactenized by inflamma-
tion and demyelination in the CNS (13). The mechanism of MS,
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however, remains obscure because of limited access 1o the CNS at
various phases of MS. An animal model, experimental allergic
encephalomyelitis (EAE). is indispensable for a better understand-
ing of MS pathology (14). Howat et al. (15) suggested an involve-
ment of PAF in EAE for the first time. We have found that
PAFR-KO mice immunized with myelin oligodendrocyte glycop-
rotein (MOG) peptide 35-55 (MOG 5 45) show less severe symp-
toms than wild-type mice (16). Group IVA ¢PLA, deficiency pro-
tects mice from EAE pathology (17). We also have reported that
there is a correlation between the PAF level in the spinal cord (SC)
and EAE symptoms (16), which 1s consistent with PAF levels in
the cerebrospinal fluid of relapsing-remitting MS patients (18). In
the SC of EAE mice. PAF seems to exist in the nanomolar range.
which is adequate to provoke biological responses through the
PAFR (6). Moreover. the level of PAFR transeript is up-regulated
in MS lesions (19) and the CNS of BAE-induced SJL and
C57BL/6 mice (16, 20), The elevated levels of both PAF and
PAFR transcripts probably worsen the MS/EAE pathology. EAE,
as an animal model of MS, is useful for understanding the roles of
PAF in MS (14). since studies on PAF in MS lesions are in ac-
cordance with those in EAE lesions (16, 18-20). However, the
metabolic processing of PAF and involvement of LysoPAFAT/
LPCAT2 in EAE pathology are largely unknown, In the present
study. we have induced EAE in CS7BL/6 mice with the MOG 55
peptide and revealed that PAF accumulation in SCs of EAE mice
ts dependent on the up-regulation of the expression and activities
orboth group IVA ¢PLA; and LysoPAFAT. This is the first report
suggesting the involvement of LysoPAFAT/LPCATZ in the dis-
ease models.

Materials and Methods
Induction of EAE

EAE was induced in 8-wk-old C37BL/6 female mice. The maintenance of
the facility and the use of animals were in full compliance with the Uni-
versity of Tokyo Ethics Commuttec for Animal Experiments. MOG,_ g5
(MEVGWYRSPFSRVVHLY RNGK), corr ling to the frag of
mouse MOG from an 35-55, was synthesized by Sigma-Aldrich. Mice
were immunized s.c. i the flank with 300 pg of MOG,,_y, peptide in 0.1
ml of PBS and 0.1 ml of CFA containing 0.4 mg of Mycobacterium tu-
berewtosts (1137Ra: Difco Laboratories) on days 0 and 7 and injected i.p.
with 250 ng of pertussis toxin (List Biological Laboratories) on days 0 and
2. Mice were scored as follows: 0, no sign; 0.3, mild loss of tail tone: 1.0,
complete loss of tail tone: LS, mildly impaired righting reflex; 2.0, abnor-
mal gait and/or imparred nighting reflex: 2.5, hind limb paresis;, 3.0, hind
limb paralysis: 3.5, hind limb paralysis with hind body paresis: 4.0, hind
and fore limb paralysis: 4.5, moribund: and 5.0, death. To understand the
EAE pathology, we divided the disease course into induction, acute, and
chronic phases in accordance with the clinical symptoms as previously
described (Ref. 16 and Fig, 24).

Quantification of PAF

PAF and cicosinoid levels were estimated simultaneously as previously
described (21, 22). The results of the eicosanoid levels will be published
elsewhere (Y. Kihara, S. Ishii, Y. Kita, S. Uematsu, S, Akira, and T.
Shimizu, unpublished data). SCs of naive mice and EAE mice were re-
moved on days 12, 19, and 32, frozen immediately with liquid nitrogen.
and stored at =80°C until use, The frozen lissues (- 100 mg) were pow-
dered with an SK-100 mill (Tokken), and lipids were extracted for 60 min
at 4°C with methanol containing deuteriumelabeled 16:0 PAF (C ayman
Chemical) as an intermnal standard. The exiracts were loaded onto Oasis
HLB cartridges (30 mg: Waters) preloaded with methanol and 0.03% (viv}
formic acid/H,0, The canridges were washed with 0.03% formic acid/
HLO, 15% (v/v) ethanol, and petroleum ether. Lipids were extracted with
100% methanol and PAF levels were quantified by reversed-phase HPLC
electrospray ionization (ESI)-tandem mass spectrometry (MS/MS) as de-
seribed previously (21, 22).

Quantitative real-time PCR

Ondays 11-12, 18=19, and 20-31, naive and EAE mice were anesthetized
with urethane (1.5 ofkg of hody: Signa-Aldrich) and intacardially per-
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FIGURE 1. PAF production in the remodeling pathway (bold arrow)
and degradation pathway {dotted arrow).

fused with 10 ml of ice-cold PBS. The SCs were removed and total RNA
was isolated using an RNeasy Mini Kit (Qiagen). The purity and integrity
of total RNA were determined by the absorbance at Asy.g, and gel lec-
trophoresis, respectively. Cme microgram of total RNA was reverse-tran-
scribed using SuperSeript 11 (Invi Life Tecl ) according to
the manufacturer’s instructions. The RT* Profiler PCR Array System for
PLA, (groups IVA, IVB, IVC, IVD, IVE, and IVF cPLA.s, groups V and
X sPLAs, and group VI iPLA.) was purchased from SuperArmay, and
quantitative RT-PCR for these PLA; mRNAs was performed with a 7500
Fast Real-Time PCR System (Applied Biosystems), The relative abun-
dance of PLA.; mRNA levels in EAE mice compared with naive mice was
caleulated by the comparative cyele threshold method using hypo i
phosphonibosyliransferase as a normali control. Quantification of
LysoPAFAT, lysophosphatidylcholine acyliransferase 1 (LPCATI), and
f-actin mRNA levels was performed with LightCycler FasiStart DNA
Master SYBR Green I (Roche) as previously deseribed (12, 23). Results
were quantified by using standard curves derived from SCs in the acute
phase of EAE.

Sample preparation for enzyme assays and Western bloiting

The 5Cs of naive mice and EAE mice on days 12. 19, and 34 were removed
following perfusion, frozen immediately with liquid nitrogen, and stored at
—80°C until use. The tissues (-~ 100 mg) were homogenized with a Phy-
scoloron homogenizer (Microtec) in 300 ul of buffer A (100 mM Tris-HCI
(pH 7.4 containing 10.26% sucrose, 20 M Imophenylmethanesulfo-
nyl Muoride (APMSF), 5 mM 2-ME, and | X Complete Protease Inhibitor
Mixture (Roche)). The homopenate was centrifuged at 9,000 X g for 10
min at 4°C and the resulting supematant was centrifuged at 100,000 x g
for 60 min at 4°C, The pellet was resuspended in buffer B (20 mM Tris-
HCL (pH 7.4) containing 20 uM APMSF, 5 mM 2-ME, and EDTA-free
1 % Complete Protease Inhibitor Mixture) and stored at =80°C until use.
Protein concentrations were determined by the Bradford method using a
protein assay solution (Bio-Rad) and BSA (fraction V, futty acid-free: Sig-
ma-Aldrich) as a standard.

PLA, ussay

PLA; activity was measured by Dole’s method with some modifications
(24). Briefly, 5 pg of protein (100,000 X g supematant) was incubated at
37°C for 30 mun in a total volume of 0.25 ml of assay buffer {100 mM
HEPES-NaOH (pH 7.4) 1 mg/ml BSA. 4 mM CaCl,. and 1 mM DTT)
containing mixed micelles (4 pM Triton X-100 and 2 pM 1-palmitoyl-2-
[MClavachidonoy-phosphatidylcholine  (PC) (1,961 GBg/mmel, GE
Healtheare BioSciences). The reaction was terminated by adding 1.25 ml
of Dole’s propanal:n-hey :sulfuric acid, 78:20:2), followed
by the sequential addition of 0.75 ml of s-heptane and 0.5 ml of water.
After centrifugation, an aliguot (0.8 ml) of the upper Tayer was mixed with
120150 mg of silica gel, which had been preincubated with 0.75 ml of
ni-heprane. The radioactivity of an aliguol (0.8 ml) was estimated using an
LS6500 liquid scintillation counter (Beckman Coulter) in the presence of |
ml of Microscinti-0 (PerkinElmer).

(i Lert.Bant

LysoPAFAT assay

LysoPAFAT activity was measured according to the method of Kume et al.
(4 12, 25}, with some modifications, Briefly. 5 pg of protein ( 100,000 x
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FIGURE 2 Clinical cowrse and PAF levels during FAE A, C57TBLA fe-
male mice were immunized with the MOG g o4 peptide. Data are the mean
clinical scores = SEM of eight animals, B, PAF levels were determined in SCs
of naive mice and EAE mice in the induction, acute, and chronic phases (1 =
10 amimals). Data represent means = SEM. #, p < 0.001; ##+, p < 0.01; and
% p < 0.05 by ANOVA with the Tukey-Kramer test. €, PAF levels of naive
(@) and EAE mice in the induction (), acute (C), and chronic (L) phases are
positively comelated with the clinical scores (p < 0,0001 by the Spearman
rank correlation test). Each data point represents the result from a single
animal.

g pellet) was incubated at 37°C for 10 min in a total volume of 0.1 ml
of reaction mixture (buffer B comtaining 2 mM CaCly. 1 mg/ml PC
(Sigma-Aldrich), and 100 uM [*Hlacetyl-CoA (1.11 GBg/mmel; GE
Healthcare BioSciences)) with or without 20 M lyso-PAF (Cayman
Chemical). Subsequently, 122 ul of ice-cold methanol was added 1o
terminate the reaction. The product was bound 10 6 mg of C8 resin
(Millipore), washed eight times with 535% (v/v) methanol in 20 mM
Tris-HCI (pH 7.4). and eluted with 100% methanol. After drying at
S0°C for 2 b, the radioactivity was determined using a TopCount mi-
croplate scintillation counter (PerkinElmer) in the presence of 200 ul of
Microscinti-0. LysoPAFAT activity was caleulated by subtracting the
radioactivity obtained without lyso-PAF from that obtained with
lyso-PAF,

PAF-AH assav

PAF-AH activity was evaluated under the same conditions as reported
previously, with minor modifications (26, 27). Briefly, 10 pg of protein
(100,000 X g supernatant) was incubated at 37 °C for 30 min in a total
volume of 0.25 ml of assay buffer (50 mM Tris-HCI (pH 7.4), 5§ mM
EDTA, 5 mM 2-ME. and 100 uM [acervi-"H]PAF (85 MBg/mmol:
PerkinElmer)). The reaction was stopped by adding 2.5 ml of chloro-
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FIGURE 3. PLA; mRNA expression in $Cs of naive and EAE mice.
A, Expression of PLA, transcripts was quantified by real-time PCR in
5Cs of naive mice and EAE mice in the induction, acute, and chronic
phases (n = 6, 5, 6, and 5 animals, respectively). The relative abun-
dance of PLA; mRNA levels in EAE mice compared with naive mice
is shown. Dala represent means + SEM. #, p < 0.001; »», p < 0,01; and
* p < 0.05 compared with naive mice by the Kruskal-Wallis test with
Dunn’s post hoc test. B, The relationships among PLA; mRNA levels
were evaluated by cluster analysis using IMP6 software (Hulinks). The
relative expression levels shown in A are divided into seven paris and
colored from red 1o green.

form/methanol (4:1, viv), followed by 0.25 ml of water. The radioac-
livity of an aliguot (0.6 ml) of each water phase was measured with 2
ml of the liguid scintillation mixture, Atomlight (PerkinElmer), to de-
termine the amount of acetyl groups liberated from PAF.
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FIGURE 4. PLA; activity in SCs of naive and EAE mice. A, PLA,
activity in SCs of naive mice and EAE mice in the induction. acute. and
chronic ph (n=6 Is) was ed using mixed micelles
containing I-palmitoyl-2-1"'Clarachidonoyl-PC and Triton X-100 in
the presence of Ca®* and DTT. Data represent means = SEM. #, p <
0.001 by ANOVA with the Tukey-Kramer test. #, PLA, activily in
naive (@) and EAE mice in the induction (), acute ([}, and chronic
() phases is positively correlated with the clinical score (p < 0.0001
by the Spearman rank correlation lest). Each data point represents the
result from a single animal.

Western bloning

Ten micrograms of protein was resolved by 10% SDS-PAGE and trans-
ferred to a Hybond ECL nitrocellulose membrane (GE Healtheare Bio-
Sciences). The membrane was blocked with 5% skim milk and mcu-
bated  with  anti-LysoPAFAT 1 ol Biological
Laboratories). After washing, the membranes were incubated with
HRP-linked anti-rabbit 1gG (GE Healthcare BioSciences), washed, and
then exposed to the Western blotting detection reagents ( GE Healthcare
BioSciences). The membranes were scanned with a LAS-4000 lumi-
nescent image analyzer (Fuji film).

Primary culture

Primary young cortical neurons were prepared from C57BL/G mouse
brains on embryonic day 13 as previously described (28, 29), Primary
astrocytes and microglia were obtained from cercbral hemispheres of
C37BLS6 mouse brains on postnatal day 1, as previously described, with
minor modifications (28-30). Brielly, after a 14-day culture period, astro-
cyles were purified by two passages. Microglia was prepared as a floating
cell suspension and transferred to culture dishes. Unattached cells were
removed before isolating total RNA. The purities of astrocytes and micro-
glia were estimated to be >90% and >99%, respectively, by immuno-
staining for glial fibrillary acidic protein (GFAP) and Ibal. Total RNA (1
jrg) was reverse-transcribed as described above.,

CD47™ and CDB™ T cells were obtained from spleens of C57BL/6 mice
using a MACS magnetic cell separation system (Miltenyi Biotec). The
purities of CD47™ and CD8™ T cells were estimated to be >90% by flow
cytomelry (Beckman Coulter). T cells were stimulated with or without
anti-CD3e Ab (BD Biosciences) for 24 h, [ollowed by reverse transcription
of total RNA (100 ng) as described above.

Statistical analysis

Results are expressed as means = SEM. Data were analyzed statistically by
means of ANOVA with the Tukey-Kramer post hoe test, the Kruskal-
Wallis test with Dunn’s post hoc test, or the Spearman rank correlation test
As appropriate, using {ura;lllPad PRISM software. Values of p < 0,05 were
congidered to be wally significant. Cluster analysis was performed
using JMP6 sofiware (Hulinks),
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FIGURE 5. LysoPAFAT/LPCAT2 expression in SCs of naive and EAE
mice, Expression levels of LysoPAFAT/LPCAT2 and LPCATI mRNAs
(A) and LysoPAFAT/ALPCAT? proteins (B) were quantified by real-time
PCR and Western blotting with densitometry, respectively, in SCs of naive
mice and EAE mice in the induction, acule, and chronic phases (n = 6
animals). A represeptative blot from two independent experiments is
shown for LysoPAFAT (n = 3 animals). Data represent means = SEM. #,
< 0001 and *, p < 0.05 by ANOVA with the Tukey-Kramer test,

Results
Elevation of PAF levels in SCs of EAE mice

C5TBLI6 female mice were immunized with MOG,,_., and clin-
ical symptoms were monitored (Fig. 24). All mice developed EAE
and the mean maximal clinical score was 2.6 * (L16 (n = 8 an-
imals). To confirm our previous report, PAF levels in SCs were
measured by HPLC-ESI-MS/MS. The SCs were collected from
naive mice and immunized mice in the induction, acute, and
chronic phases of EAE (Fig. 24). PAF levels were significantly
elevated in the acute phase (Fig. 28) and positively correlated with
the clinical score (p < 0.0001: Fig. 2C). Thus. the fluctuation in
PAF levels during the disease course was reproduced (16). These
results demonstrate that the metabolism of PAF (Fig. 1) in the SC
was perturbed by the pathogenesis of EAE. Therefore. we deter-
mined the enzymes that synthesize and degrade PAF using
EAE mice.

Up-regulation of PLA, mRNA expression and activity in SCs of
EAE mice

The various PLA; (groups IVA, IVB, IVC, IVD, IVE. and IVF
cPLAs. groups V and X sPLA,s. and group VI IPLA;) mRNA
levels were determined by quantitative RT-PCR 1o elucidate the
effects of PLA,s on PAF production. Group IVA ¢PLA; and group
V sPLA; mRNA levels were elevated in the acute phase of EAE
and decreased in the chronic phase to a level that was still higher
than that in naive mice (Fig. 34). The relationships among the
mRNA levels were evaluated by cluster analysis that distinguished
group IVA ¢PLA, and group V sPLA, from other PLAs (Fig.
3B). In addition. the poorly characterized groups IVB and IVF
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FIGURE 6. LysoPAFAT activity in SCs of naive and EAE mice. A,

LysoPAFAT activity in SCs of naive mice and EAE mice in the induction,
acute, and chronic phases (n = 6 animals) was measured as described in
Marerials and Methods. Data represent means = SEM. #, p < 0.001 and
=%, p < 001 by ANOVA with the Tukey-Kramer test. B and C, Ly-
“oPAFAT activity in SCs of naive (@) and EAE mice in the induction (),
acute (L), and chronic (2.) phases is positively correlated with the clinical
score (B p << 0,0001 by the Spearman rank correlation test) and PLA,
activity (€3 p < 0.0001), Each data point represents the resulls from a
single animal.

¢PLA;s were up-regulated and clustered together (Fig. 3, A and #),
PLA; activity was measured using 1-palmitoyl-2-[*CJarachido-
noyl-PC as a substrate with Ca*™ and DTT. The enzyme activity
increased with the progression of EAE pathology (p < 0.001: Fig.
4A) and correlated significantly with the clinical score (p <
0.0001: Fig. 4B). These results suggest that PAF accumulation in
SCs of EAE mice may be due to an vp-regulation of PLA, and
lysoPAFAT (see below),

Enhancement of LysoPAFAT/ALPCAT2 expression and activity in
SCs of EAE mice

To examine the involvement of LysoPAFAT/LPCAT?2. expression
levels of the transeripls and proteins were examined in SCs of
naive and EAE mice by quantitative RT-PCR and Western blot-
ting, respectively. LysoPAFAT/LPCAT2 transeripts and proteins
were elevated in the acute phase and then declined in the chronic
phase of EAE (Ig. 5). In contrast. mRNA expression level of the
homologous enzyme LPCATI was unaltered during the disease
course (Fig. 5). In agreement with these observations. the enzyme
aclivities in the acute and chronic phases were higher than those of
naive mice (p < 0.001: Fig. 6A). We found a significantly positive
correlation between the clinical score and the LysoPAFAT activity
(p < 0.0001; Fig. 68). Furthermore, LysoPAFAT activity was
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Nalve Induction Muh Chronic

FIGURE 7. PAF-AH activity in SCs of naive and EAE mice. PAF-AH
activity in SCs of naive mice and EAE mice in the induction, acute, and
chronic phases (n = 6 animals) was measured as described in Materials
and Methods. Data represent means = SEM.

positively correlated with PLA, activity (p < 0.001; Fig. 6C).
These results suggest that PAF accumulation in SCs of EAE mice
1s caused by the enhancement of LysoPAFAT/LPCAT2 expression
and the corresponding increase in LysoPAFAT activity.

Unaltered basal PAF-AH activity in SCs of EAE mice

We investigated whether PAF-AH affected the accumulation of
PAF in SCs of EAE mice. Although PAF-AH activity appeared to
be slightly increased in the acute phase of EAE. the enzyme ac-
tivity did not change significantly during the disease course (Fig.
7). PAF-AH activity did not correlate with the clinical score, PLA,
activity. or LysoPAFAT activity (data not shown), Thus, PAF ac-
cumulation in SCs of EAE mice may be independent of the PAF
degradation system.

LysoPAFAT/LPCAT?2 expression in primary cultured murine
microglia and astrocyles

We previously demonstrated LysoPAFAT/LPCAT2 mRNA ex-
pression in murine brain, macrophages, and neutrophils (12). s
expression was determined by RT-PCR and Western blotting in
primary cultured murine neurons, astrocyles, microglia (Fig. 8).
CD4" T cells, and CD8™ T cells (data not shown). We found that
LysoPAFAT/LPCAT2 mRNA was expressed in microglia and as-
trocytes, but not in neurons (Fig. 84). The levels of LysoPAFAT/
LPCAT?2 transcripts were very low in both T cell subsets, with or
without ani-CD3& Ab stimulation for 24 h (data not shown). Ly-
soPAFAT/LPCAT2 protein expression was observed in microglia,
but not in astrocytes (Fig. 88). These resulls suggest that PAF may

A i Neurons Astrooytes Microgla

LysoPAFAT s
f-actin
B Mﬂu_ l'l‘_lmnl':_
LysoPAFAT
Ibat i

GFAP ~—— ¢

FIGURE 8. LysoPAFAT/ALPCAT2 expression in the primary cultured
cells of the murine CNS. A, LysoPAFAT/LPCAT2 and B-actin mRNA
expression in primary cul , astrocytes, and microglia was de-
termined by RT-PCR. The expected PCR products for LysoPAFAT and
B-actin were 167 and 197 bp. respectively. B, Expression of LysoPAFAT/
LPCAT2, Ibal, and GFAP in primary cultured astrocytes and microglia
was determined by Westemn blonting. Each lane represents cells purified
from an individual experiment.
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be produced by activated microglia and infiltrating macrophages in
SCs of EAE mice.

Discussion

In the present study. we have assessed the metabolic processing of
PAF in SCs of naive and EAE mice to explain the enhanced PAF
production in EAE mice. In general, accumulation of PAF can be
accounted for by the up-regulation of the production system in the
remodeling pathway and/or the down-regulation of the degradation
system. We have demonstrated that the PAF production system is
increased and the degradation system is unchanged in SCs
duning EAE.

The PAF production system in the remodeling pathway consists
of two steps. The first step is production of the PAF precursor
lyso-PAF by PLA,s that hydrolyze the s1-2 acyl chain of PC (9)
(Fig. 1). Several lines of evidence have suggested that group IVA
¢PLA,. groups [IA and V sPLA,s. and group VI iPLA; mRNAs
are expressed in the SC of the naive rat (31, 32). In agreement with
these studies. we have found that SCs of C57BL/6 mice express
these PLA; mRNAs. with the exception of group 1A sPLA, (Fig.
3). which is absent in this mouse strain (33). Because the groups
IVA. IVB, and IVF ¢PLA,s and group V sPLA, mRNA levels are
elevated in the acute phase of EAE (Fig. 3). lipid mediators pro-
duced by these four PLA s presumably participate in the patho-
genesis of EAE. Although little is known about the functions of
groups IVB and IVF cPLA_s. it is generally accepted that group
IVA cPLA; and group V sPLA, stimulate the arachidonic acid
cascade (33). Indeed, hierarchical cluster analysis demonstrates the
functional analogy of these PLAs in EAE pathology (Fig. 38).
EAE is not completely ameliorated in PAFR-KO mice (16),
whereas group IVA ¢PLA; deficiency or treatments with PLA,
inhibitors protect mice from the EAE pathology (17, 34). Fico-
sanoid levels were quantified sumultaneously and we found that
PGE, levels were drumatically changed during the disease course
(Y. Kihara, S. Ishii. Y. Kita, §. Uematsu, S, Akira, and T. Shimizu,
unpublished data). These data suggest that, not only PAF, but also
eicosanoids downstream of PLA; are entical for the EAE pathol-
ogy. We have demonstrated the elevation of PLA; activity in the
acute phase of EAE using 1-palmitoyl-2-["*Clarachidonoyl-PC as
a substrate in the | e of Ca* ™ and DTT (Fig. 4). Since this
assay condition is optimized for group IV ¢PLA s (35). the ele-
vated PLA, activity in the acute phase of EAE may be derived
from groups IVA. IVB, and/or IVF ¢PLA;s. However. groups IVB
and IVF ¢PLA s bave lower PLA; activity than group IVA ¢PLA,
under the present assay conditions (24, 36, 37). Thus, group IVA
¢PLA; may be deeply involved in the up-regulation of PLA, ac-
tivity in SCs of EAE mice. Additionally, group IVA cPLA, is
essential for producing PAF. since PAF synthesis is significantly
diminished in calcium ionophore-stimulated group IVA ¢PLA -
deficient macrophages (11). These results suggest that the PAF
precursor lyso-PAF is supplied primarily by group IVA ¢PLA,
during EAE. Because Cunningham et al. (38) reported that sPLA,
activity was up-regulated in urine of EAE rats and MS patients, it
may play roles in the EAE pathology. In addition, Bernatchez et al.
(39) reported that group V sPLA; is involved in the PAF produc-
tion in endothelial cells. Further studies are needed to clarify the
roles of group V sPLA; in EAE lesions.

The second step of the PAF production system is acetylation of
lyso-PAF 1o form PAF by the action of LysoPAFAT, which is
critical for the stimulus-dependent formation of PAF (2-4, 12).
We have previously shown that LysoPAFAT/LPCAT2 mRNA is
expressed in brain, macrophages, and neutrophils (12). Likewise,
we have demonstrated the constitutive expression and activity of
LysoPAFAT in the SC of naive mice (Figs. 5 and 6). Since Ly-
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FIGURE 9. Models for PAF prod in the CNS of naive mice and
EAE mice. Left, In the CNS of naive mice, constant levels of PAF pro-
duced by microglia and astrocytes may contributes to the maintenance of
CNS homeostasis, Right, In the CNS of EAE mice, the blood-brain barrier
has been broken and inflammatory cells, such as T cells and macrophages,
have infiltrated the CNS. LysoPAFAT is induced in activated microglia.
Thus, robust PAF production is probably dependent on both LysoPAFAT
and group IVA cPLA, coexpressed in activated macrophages and
microglia

soPAFAT/LPCAT2 expression 1s mainly detected in primary cul-
tured microglia by RT-PCR and Western blotting (Fig. 8). micro-
glia may contribute to the production of PAF in the CNS of naive
mice for maintaining brain homeostasis (Fig. 9. left). A number of
inflammatory cells, such as T cells and macrophages. infiltrate the
CNS through the broken blood-brain barrier in EAE mice. Fur-
thermore. microglia and astrocytes are activated by cylokines pro-
duced by the infiltrating cells (40, 41). The expression and activity
of LysoPAFAT were significantly elevated in SCs of EAE mice as
compared with those of naive mice (Figs. 5 and 6). Because Ly-
soPAFAT/LPCAT2 is an inducible protein, its expression might be
strongly up-regulated in infiltrating macrophages and activated mi-
croglia (Fig. 9, righr). We also have shown that LysoPAFAT ac-
tivity is correlated with PLA; activity (Fig, 6C). Kalyvas and
David (34) bave reported that group IVA ¢PLA, is expressed in
CDIIb" cells from mice with severe symptoms of EAE. Hence,
group IVA ¢PLA; and LysoPAFAT appear o be coexpressed in
the same cells. such as macrophages/microglia, and to function
coordinately in PAF synthesis. In contrast, LysoPAFAT/LPCAT2
mRNA was undetected in T cells stimulation with or without anti-
CD3e Ab for 24 h (data not shown). These resulis are in accord
with previous reports demonstrating that LysoPAFAT activity is
present in macrophages (4. 12). but not in T cells (42). The results
are also consistent with our previous report that PAF plays a dom-
inant role in the chronic phase of EAE through the activation of
macrophages/microgha (16). Taken together, LysoPAFAT in-
duced in macrophages/microgha plays a crucial role in PAF pro-
duction in EAE pathology (Fig. 9, right).

We have measured PAF-AH activity in SCs of naive and EAE
mice (Fig. 7) and found that PAF-AH activity is unchanged during
the disease course of EAE. Thus, PAF may accumulate in SCs of
EALE mice independently of ihe PAF degradation system.

Cur results show that the enzyme activities in the remodeling
pathway of PAF synthesis are elevated in SCs of EAE mice due to
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up-regulation of group IVA c¢PLA, and LysoPAFAT/LPCAT2
present in macrophages and microgha (Fig. 9). Development of
LysoPAFAT inhibitors may be therapeutically beneficial for the
treatment of MS.
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