SNPE (146)

the transmembrane region (PHAT matrix element differ-
ence = —6), and probable functional effects of Arg393Trp
(*7) (PSIC score difference=3.053), Tyrd401Cys (78)
(3.382) and Asp786Glu (*9) (2.277), but no functional ef-
fects of "3 (1.446) and "5 (0.326).

In conclusion, the current study provided detailed infor-
mation on ABCC2 variations and haplotype structures in
Japanese and also suggested a large ethnic difference in the

frequencies of 3972C>T(lle13241le) and

1446C>G

(Thr482Thr) and their related haplotypes between Asians
and Caucasians. This information would be useful for stu-
dies investigating the clinical significance of ABCC2 alleles

and haplotypes.
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GFP image analysis in the mouse orthotopic
bladder cancer model
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Abstract. Precise and objective measurements of tumor
response have yet to be standardized in the mouse orthotopic
bladder cancer model. In this study, we used image analysis
and green fluorescent protein (GFP) to objectively measure
tumor size in response (o chemotherapy. KU-7 human bladder
cancer cells transfected with GFP were intravesically inoculated
into 8-week-old female nude mice. Fourteen days afier tumor
cell inoculation, the mice were assigned into a control (PBS)
group or a doxorubicin (conc, 1.0 mg/ml) treatment group
and received a single instillation of treatment. Fouricen days
after treatment, the bladders were surgically exposed and
fluorescent images were captured and Ister analyzed using
image analysis. Bladders were processed for histological
examination. Tumor incidence determined by GFP expression
and histology was 100 and 80%, respectively, in the doxo-
rubicin treatment group. A 9-fold (histology) vs. 12-fold
(GFP expression) difference in tumor regression measured by
tumor arca (P<0.05) and a 5-fold (histology) vs. 9-fold (GFP
expression) difference in tumor regression measured by the
percent of tumar area in the bladder (P<0.001) were observed
in the doxorubicin treatment group. Our findings suggest that
using image analysis provides a precise, sensitive and objective
means (0 measure tumor growth and treatment response in
the mouse orthotopic bladder cancer model in lieu of histo-
logical methods. Consequently, the number of mice required
in an experiment can be reduced since tissue samples are not
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Key words: bladder cancer, green-fluorescent proteins, mouse,
computer-assisted image analysis

needed for histology, thus making tissue samples readily
available for additional assays in both a labor-effective and
cost-cffective manner.

Intreduction

In the United States alone, urinary bladder cancer accounts
for over 60,000 new cases per year and in Japan, over 16,000
new cases are reported annually (1,2). In Japan and western
mwmdmmmnwll

are the mainstay for trestment of these lesions; however, 5-
and 10-year recurrence rates of over 60 and 90%, respectively,
posc & major challenge in the treatment and eradication of
disease (3,4). These factors combined necessitate further
evaluation of new treatment strategies.

Orthotopic tumor models provide rescarchers with an
invaluable research tool, as tumor cells are able to grow in a
native environment that more closely resembles its namural
stats, The mouse orthotopic bladder cancer model has been
used for over 30 years, recently this model was modified by
using human bladder cancer cells transfected with green
flvorescent protein (GFP) implanted transurethally for in vivo
visualization of tumor growth (5-7). GFP, a spontansously
fluorescent protein that absorbs UV-blue light and emits green
fluorescence, has been shown to be suitable in monitoring
and visualizing tumars in vivo (8). Additionally, tracking cells
that stably express GFP in vivo allows for a rapid and more
precise method for detecting tumor cells than the more
traditional histological methods (9). Orthotopic bladder cancer
models have already been used successfully to measure the
treatment efficacy in chemotherapy, immunotherapy, gene
therapy, and chemoprevention models (10-13). Thinym
provides an ideal seiting for testing chemotherapeutic agenls
in vivo; however, the challenge 1o sccurately, practically, and
objectively measure tumor response remains. Traditional
means (o measure tumor response have either been qualitative
(rather than quantitative) or subjective. The use of computer
assisted image analysis provides a solution 1o this problem in
that it allows for a means to measure data in an unbiased
manner. Measurement data can be spatially calibrated and
since the manner of analysis is standardized, the results are
consistently reproduced.



We propose & model that allows the use of image analysis
software to accuralely measure the growth and response of
orthotopically implanted GFP-lsbeled human bladder cancer
cells to intravesical drug treatment. For this purpose, we used
doxorubicin (Dox), an anthracycline antibiotic commonly used
in maintenance therapy for superficial biadder cancer (4).

Materials and methods

Bladder cancer cell line and transfection. KU-7, a human
bladder cancer cell line derived from a superficial papillary
tumor was used for our experiments (14). KU-7 cells were
maintained in Gibco DMEM (Dulbecco’s modified Eagle's
medium) (Invitrogen, Carisbad, CA) supplemented with
10% fetal calf serum in a 37°C incubator with 5% CO,. Stable
GFP clones were generaled as previously described (7). GFP
expression was confirmed under a fluorescence micmscope.

Orihotopic rumor implantation and iniravesical treatmen:.
Prior 10 bladder instillation, the cells were trypsinized and
re-suspended in serum-free DMEM al a concentration of
1x10* cells/ml. A method for the orthotopic instillation of
tumor cells has been described (7). Briefly, eleven 8-week-
old female athymic nude mice were anesthetized by intra-
peritoneal injection with Nembutal (Dainippon Sumitomo
Pharma, Osaka, Japan), A 24-gauge catheter was inserted
transurethrally into the bladder (Fig. 1A) and washed with
200 pl of PBS (phosphate-bulfered salinc). The bladder was
emptied and 100 41 of 0.2% trypsin in 0.02 EDTA (Invitrogen,
Carlsbad, CA) was infused and retained for 20 min. A 100-u1
KU-7/GFP cell suspension containing 1x107 cells was instilled
into the bladder thereafier. The urethra was then ligated for
2-3 h with a purse-string suture (0 prevent leakage of tumor
cells. Fourteen days after cell implantation, the animals were
assigned to a control (PBS) (n=5) or doxorubicin (doxorubicin
hydrochloride) (Kyowa Hakko Co. Ltd., Tokyo, Japan) (conc.
1.0 mg/ml) (n=5) treatment group and received a single
intravesical treatment instillation that was retained for 1 h by

pursc-string suture,

In vivo fluorescence analysis of mouse bladders. Twenty-
cight days following the instillation of tumor cells, the mice
were again anesthetized as previously described and the
bladders were surgically exposed. The whole mouse was
MW:LMHZFL(FLVOI]I)MM
microscope with a fluorescent light source with a
GFP2 filter and a CCD camera (Leica Microsystems,
Heerbragg, Switzerand). The exposed bladders were examined
under fluorescence for the presence of tumors and digital
images were captured under both fluorescent and incandescent
light (Fig. 1B-D). The mice were then sacrificed and bladders
were removed then fixed in 10% neutral buffered formalin.

Histological examination. The bladders were fixed overnight
in 10% neutral buffered formalin and then transferred to 70%
ethanol. Bladders were then sliced transversally in half and
examined under a stereomicroscope. Tumor presence was
confirmed and representative images were captured. The
samples were then cmbedded in paraffin, step-sectioned and
stained with hematoxylin and eosin (H&E). Tumors were
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verified under a light microscope and representative digital
images were recorded for subsequent image analysis.

Image analysis. Image analysis was performed with Imagel
public domain software available through the National
Institutes of Health (Bethesda, MD; svailsble at http://rsb.
info.nih.gov/ij/). All images were spatially calibrated for area
messurements, Fig. 2 demonstrates an example of the process
used to analyze and measure the bladders and tumors. Images
of the processed bladders were captured from H&E stained
slides and both the bladder end tumors were traced individually
and identified by creating 8 ROI (region of interest) for ecach.
The arca was then calculated for cach of the selecied ROIs.
Multiple step sections were taken from the embedded
bladders and sections containing the largest tumor size were
used for the area calculations. In cases with multiple tumors,
lesions were identified and measured individually, however,
the measurement data from multiple tumors in an individual
bladder was pooled and the area is represented as a single
area measurement.

Staristical analysis. Data were statistically analyzed using
the Student's t-test and differences were considered to be
significant at P<0.05. For comparisons between histological
analysis and GFP expression, regression analysis was per-
formed. Statistical analysis was carried out using SigmaStat
3.5 (Systat Software, Inc., Jose, CA).

Tumor incidence. We first measured tumor incidence for the
implanted KU-7/GFP cancer cells. To measure tumor incidence
by GFP expression, surgically exposed bladders were viewed
under blue fluorescent light. Bladders without tumors failed
© demonstrate any fluorescence; on the other hand, bladders
with tumors capressing GFP were easily identified by green
fluorescence. Tumor sppearance ranged from small individual
nests of cells to multiple clusters and/or large masses (Fig. 3).
Tumor incidence is defined as the percentage of mice with
visible tumors and was determined by direct observation
of positive GFP cells within the bladder in vivo and/or the
presence of tumor cells in the bladder by histological examin-
ation. Tumor incidence measured by GFP expression was
100% for all mice in the control and doxorubicin groups,
Tumor incidence measured by histological enalysis was
100% for the comtrol group but 80% for the doxorubicin
treatment group. Histological analysis for tamor incidence
failed to reveal microscopic lesions that were clearly detectable
by GFP fluorescence.

Measurements of tumor area. Next, we confirmed that cells
emitting the green Muorescence were indeed the KU-7/GFP
inoculated. To accomplish this, we examined the H&E stained
panaffin sections of bladder tumors and compared them with
the in vivo GFP image and the image of the transversally sliced
gross bladders. Once confirmed, we procesded (o measure the
bladders and tumors. Tumor size measurements are represented
by tumor area and tumor area percent and were calculated
by histological anslysis and GFP expression. Tumor area is
defined a the area of posilive GFP emitting regions of green
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Figure |. The anatomical view of the nude mouse during the urinary cathe-
terization procedure (A). b vive digital images were obtzined by firt making
8 transverse incision across the lower shdomen to expose the biadder. The
expused bladder was filled with PBS an image wes soquired using & tungsten
light source (B), The bisdder was then cxposed to & 470-um waveleagth
blue light and an image was captured through a 530-nm wavelength emimion
filier (C). The two images are merged logether for the purpose of demon-
strating the anatomical location of (FP-laheled tumor cells within the bladder
im vive (D),

fluorescent light in the images captured in vivo or regions of
tumor bounded by the ROI in selected histological slides, All
arca measurements arc represented by mm?. To avoid possible
differences that may have occurred by having bladders
expanded to different diameters, we calculated the tumor arca
percent. Tumor arca percent represents the percent of bladder
area comprised of tumor. Regression analysis determined the
R? values for tumor area and tumor area percent to be 0281
and 0.692, respectively (Fig, 4), Doxarubicin efficacy against

Figure 2, Bladdes images wore caplured under tungstea light (A) and
fluorescent light (B) in vivo. The rew usmanipulated image was then adjusied
and correcied to remove non-lpulﬁ: fMuorescence (C), Non-specific
WS ﬁuwllw‘ by adjusting contrast md
and sk the and mi light and
mummmmmmmwmm
balmuwnutlplyuahw ﬂam-mdmm
limes P g 4o light i ding to GFP expression) was
anuamm(m nmm(mpw-mmmm
the gross blsdder (E-F) and the comresponding HAE stained section (G).

hrinh

tumor growth resulted in & 9- and 12-fold decrease of
tumor area when measured by histological analysis and
GFP expression, respectively (Fig. 5A). Similarly, a 5- and
9.25-fold difference in lumor growth was noted when

of biadd

Figure 3. R taken under & f) light source d

of KU-T/GFF cells bry the cmission of green fluarescent

lighat. Nnnmhmin(&)lﬂiummlmmumbhﬂi] nmmymnmhwwdm(‘mmwﬂwunhp

mass (F).
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Tumor Area

- -
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Figure 4, Correlation of lumor area (A) snd tamor ares percent (B) for all mice bearing KU-7A0FP arthotopic bladder asmors (a=10). GFP expression was plotied
against histology examination.
Tumor Area Tumor Area Percent
WM\\W Histological Analysis vs. GFP
Expression
16 w0 ,
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"l |
Dom W Dox
w GFP
A B
Figuee 5. Comg of nmor responae to & graphed a3 tumor area (A) end tumor area percent (B) by GFP expression and histologicel snalysis. ',

“P-valucs versus control, Student's t-test analysis.

measuring tumor response as a percent of the total bladder
area a8 measured by histological analysis and GFP expression,
respectively (Fig. 5B).

Although correlation analysis docs not demonstrate a
strong comrelation between tmor sizes measured by GFP and
histological analysis, reproducibility and sensitivity were
grealer by using GFP analysis alone. Similar results were
obtained by repeating similar experiments at varying time
points (data not shown).

Discussion

The orthotopic bladder cancer model has proven to be one of
the most effective models to study tumor biology, particularly
in studics involving intravesical therapy. This is due to the
fact that tumors are directly exposed to the chemotherapeutic
agents in their natural environment (15). Unlike ectopic xeno-
graft models that grow easily visible subcutaneous tumors,

biadder orthotopic models grow tumors internally that cannot
be visualized grossly in vivo and thus renders a challenge to
confirm tumor incidence, growth and response. Traditional
methods to determine tumor burdea in the orthotopic bladder
cancer model consist of weighing the bladder and histological
analysis (16). However, sensitivity and objectivity in measuring
tumor burden is limited due to variability of bladder and
tumor size, especially in the case of microscopic disease. Use
of GFP-labeled bladder cancer cells in the orthotopic bladder
cancer model provides an added means to qualitatively
identify such tumors in vivo, bowever, precise and objective
quantitative methods have yet to be developed.

The focus of this experiment is to establish a method 1o
measure tumar size in an objective and efficient manner. We
m-ﬂvky.obpedvky-duﬁ:nnyhm
treatment with doxo-

method. Our results clearly elucidate some of the benefits
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gained by vsing this method versus the more traditional
histological method, namely sensitivity and objectivity. This
technique allows for a more sensitive and faster method to
detect tumor presence in the bladder, especially in cases
involving microscopic lesions. Use of image analysis provides
not only an objective solution for the interpretation of visual
data; it also allows us to establish a workflow in a convenient
and efficient manner (17). Our data suggest that measuring
the amount of GFP Muorescence emission is sufficient to
determine tumor burden and calculate tumor response to
treatment.

In traditional methods, tumor burden is calculated by
histological examination (ic., H&E stained slides) usually
examining a single plane of the tumor, thus giving us only a
snapshot that may or may not be accurate, Large fumors pose
a problem in that they are irrcgular which may lead to biss
when scarching for the best representative section to analyze
and quantify. Furthermore, small tumors present a different
problem in that they may be too small to accurately capture
in a thin section and may therefore lead to inaccuracies as
they muy be missed during routine histological procedures.
Another complication is that we attempt 10 examine a two-
dimensional object and interpret it as a three-dimensional
structure. These differences are supported by our correlation’
analysis data of tumor size measurements by GFP emission
and histology confirming that these are in fact two separate
pammeters.

An alternate method used to determine tumor burden in
the orthotopic bladder cancer model is weighing the bladder;
however, this anly compares the biadder of one mouse verus
that of other mice (18). The problem with this method is that
it does not provide any information pertsining to the location of
the lesion or the number of lesions involved. Another method
used by some investigators is to measure urine PSA (prostate
specific antigen) levels generated by tumors of genetically
modified cancer cells to produce PSA (19). An advantage to
this method is that it allows for & non-invasive method for the
determination of tumor growth, however, it fails to provide
any insight into the morphological dynamics including the
number of tumors present or tumor distribution end location
in the bladder, Use of bioluminescent particles, such as firefly
luciferase, coupled with image analysis allow for accurate
in vivo measurements of labeled tumors (20,21). The drawback
to this method is the investment involved as it requires
wmumwqurumuﬂl

mmmmwmmm
analysis to measure GFP expression, as a parameter for the
determination tumor response 1o therapy in the mouse
orthotopic bladder model, serves as a powerful and objective
tool proving to be more sensitive than histology. Additionally,
using this method allows the investigator to conduct more
labor-effective and cost-effective experiments with minimal
investment. Furthermore, this methodology is not limited to
the ic bladder cancer model as it can be applied to
other tumor models requiring precise objective quantitative
analysis of tumor size,
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Identification of Annexin 1 as a Novel Autoantigen in Acute
Exacerbation of Idiopathic Pulmonary Fibrosis'

Katsushi Kurosu,”* Yuichi Takiguchi,* Osamu Okada,* Norio Yumoto,* Seiichiro Sakao,*
Yuji Tada,* Yasunori Kasahara,* Nobuhiro Tanabe,* Koichiro Tatsumi,* Michael Weiden,'
William N. Rom," and Takayuki Kuriyama*

Consistent with the hypothesis that pulmonary epithelial apoplosis is the key to the acute exucerhution of idioputhic pulmonury
tibrosis (IPF), we conducted serological identificution of Ags by r binant expression cloning (SEREX) unulysis using type 11
alveolar cell carcinoma (A549) cell lines to identify disease-related Abs, Tn a survey of Abs to the recombinant sutoantigens
identified by SEREX analysis, five Abs were identified as novel candidates for the acute exacerbation of TPF, Abs to annexin | were
detected in 47 and 33% of the sera and bronchoalveolar lavage materials from patients with acute exacerbation of IPF. Some
identical TCR V@ penes were identified in sequential materials obtained at 1-3 mo in all 10 acute exacerbation IPF cases,
suggesting that some infiltrating CD4-positive T cells sharing limited epitopes expand by Ag-driven stimulation during disease
extension. The CDR3 region of these identical TCR V3 genes showed h!gh homology with the N-terminal portion of annexin 1,
including in the HLA-DR ligand epitopes predicted by TEPITOPE analysis. By Western blotting analysis and observation of the
CD4-positive T cell responses in bronchoalveolar lavage samples, the N-terminal portion of annexin 1 was cleaved and found to
induce marked proliferative responses of CD4-positive T cells in three patients. Our study demonstrates that annexin 1 is an
autoantigen that raises both Ab production and T cell response in patients with acute exacerbation of IPF, and that the N-terminal
portion of annexin | plays some role in the pathogenesis of acute exacerhation in IPF patients.  The Journal of Immunology, 2008,
181: 756-767.

of unknown cause that is limiled to the lungs and is associ- that open-lung biopsy performed afier exacerbation confinns an
ated with o istological patiern of usual interstitial pacumo- acute diffuse alveolar domage pattern together with chronie inter-
nig on lung biopsy, Basal and peripheral reticulur opucitics asso- stitinl pnevmaonia of the vsual interstitial pncumonia type (2), Tt

I diopathic pulmonary fibrosis (IPF)" is a chronic lung disease ease, leading to death in » period of weeks (o a few months, and

crted with traction bronchiectasis and honeycombing ure typical remains uncertiin whal causes such aceelerated clinieal deterior-
high-resolution computed tomography signs of IPF, and these find- tion (3).

ings, combined with the clinical profile. are sufficient 1o establish Emmunotistochemical dita demonstrute the presence ol cireu-
4 confident diagnosis of TPF (1). The nawral history is invariably — Luing 1gG Abs 1o endogenous anoantigens on pulmoniry epithe-
one of gradual and progressive deterioration resulting in scarring, lial cells in IPF patients (4, 5). Although antinuclear Abs, anii-

pulmonary failure, and death. with the median length of survival DNA topoisomerase I Abs, and Abs to cytokeratin 8 (6) have been
from the time of diagnosis ranging from 2.5 to 3.5 years. The demanstrated in IPF patients, there are no reports of Abs related to
pathogenesis of the disease is unknown, but it may involve an the acute exacerbation of IPF. Serological identification of Ags by
immunological reaction (o unidentified Ags in the lung related to recombinant expression cloning (SEREX) is a well-established
tissue damage. Although chronic in nature, it has been reported and powerful technique that has been applied 1o Ag-specitic IgG
that an important complication is an accelerated phase of the dis-  esponses in a variety of wmor systems and some autoimmune

diseases (7. 8). The suitability of the SEREX approach to define
"Depancac of Respirolagy (K2}, Gradisse Setsood o€ Medicine, Chiba: Universiy, aulqnnllgtns associated leli.i autoimmune diseases such as sys-
Chibia, Japan: and "Division of Pulimonsey and Critical Care Medicine, Deparirment of temic lupus erythemitosis (SLE) and sysiemic sclerosis has been
Medicine, School of Medicine, New York University. New Yok, NY (0016 shown. These studies indicate that a thorough evaluation of au-
Received for publication fune | 2 2007 Accepted for publication Aprit 27. 2008 Loantigen reactivity patterns of sera from patients suffering from
The costs of publication of this amicke were defrayed in pani by the payment of page various autoimmune diseases is critical for estimating the diagnos-
::ll:’:; 1‘}':‘(“';‘:;':‘“'; ?‘!::“T; :T;:i:::; ‘I’I'::"r‘;““"‘"""’"”" In accordance (e value and potential pathogenic role of these Ags (9-11) Ap:

oplotic alveolar ¢pithelial cells are detected primarily n aréas of
IPF that appear histologically normal without established fibrosis
' Address comrespondence and repnnt requests 10 D Katsushi Kurosu. Department of Hz. and .'m'. i.ll.'ji]l_‘l_'nf.ll.'l u_“dc‘lymg yockef my‘,m" Uhhs‘.s “‘L
Resperology (B2, Graduate School of Medicine. Chiba Usiversity, 1-3-1 Inohasa, Recent studies have implicated apoptosis of alveolar epithelial
Chuo-ku, Chiba 260-8670. Japaa. F-mail address. kurosu @ faculty.chiba-o jp cells as o potential initiating mechanism in the development of
* Abbreviations used in this paper: IPF, idiopaibic pulmanary fibeosds. SEREX. se- — pulmonary injury and fibrosis. Data obtained using animal models
"‘I"'"‘::I ::::z::‘:r LI"‘:"':}‘:: ‘I:rl‘:“.':"u::::"‘;:; I:L’:;:'“_[:‘::’“ : have provided some insights into whether excessive upoptosis of
prowth lactor VATS. video-associsted thorucie sungery: IPACVI. imentitial poc- alveolar epithelial cells may be the primary event leading to lung

nonia related ta collagen vasculur discase. PMMDM P‘”"‘"“""“"““"’""“"“’"“ fibrosis. 1t has been demonstrated that repeated inhalations of ag-
Sse, selerod 3. HP. hyp tivity 5. ER. endopla reticuhum

Thos work was suppocted i pant by a grand for sorennhe research from the Japanese
Ministry of Education ( 15590798)

onistic anti-Fas Abs induce apoplosis of alveolar epithelial cells,
Copyriste 43 2008 by The American Association of Tnwmnologses. Inc. 0022-1 7670852 00 leading o pulmonary tibrosis in mice (14), The targeted ransgenic
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Table I Molecular detatls of the casex of acnre exacerbation of 1PF
BAL Protile” e
Case Celtularity + *® L T cou TCR-VJ

No Apeflen Specimens LIHF ) Mac Tym Nes Fm DR Ukages MHC Allete MRnconme

I T AL | 56 15 R 5 g xarsyee DRATIOS and "04I0 Deceased
WAL andl autopsy (2 mo later) p 0" 18 % 2 218y 4LA3AT

! HAMA1 HAL LA o7 15 1] (1] 255 2679 DRH | 0802 and * 1401 Il
HAL and sutopsy (3 mo later) LE 5 o N i 19 810 16

3 ey HAL iy L1} 15 n | b - R B A Nl | o DREI130T and 1502 Deceased
HAL amd sutopsy (1 me bie) 13 2 18 46 § 356 0f ISt

4 G BAL 16 0 I6 12 2 LA ek 4" M DREFOION and "0 Deveised
BAL and smopsy (2 mo later) 15 41 M 1] BOLH 7090

i I BAL 14 T4 12 ] 6 0% 47502 DRBI1%0101 and *1501  Deceased
BAL and sulopsy (3 mo later) 22 60 6 B 6 102 41°5°16

[ S8M VATS h20 1 DRBI*MOI and *1602  Surviving
BAL (2 mo later) 14 65 1" 4 4 168  2* 1216 20

7 S s L DRBI*0901 and *1001  Surviving

1A 62 L] m 4 N4 910,19

L] AMF 12 &2 2 42 2 242 LA xr DRAIH03 and *1502  Deceased
BAL {1 mo later) Lo L ] 2] b ARG LS00 20

9 him HAal 1 & | b (R L} It L3l 37812 18 DRIIAOH05 and “HI01  Surviving
HAL (2 mo lawr) iR 50 14 » g I A"

[} LY VATS 17 6} 12 n 3 54 2401008 DERH 0406 and “1005  Suviving
BAL 12 mo luter) 32 Bl L} 26 L] [ B e ]

1] (2.5 BAL LE ) 65 L] 25 4 6% 15810 DRBIT1200 and *1302  Deveased

12 63M BAL 15 ol 1[1] 23 i LR AR B DRHIMOM0S and “080%  Swrviving

13 N BAL 2 64 ] M 4 035 6,12 DREICI403 and "0 Deceased

14 o BAL LI ] 48 LF n ] 289 LM 10R DRB1*1202 and 1501 Surviving

15 68(F BAL Al B8 4 8 0 03 259 DRBI40405 and *0B03  Surviving

i ) it =g
¥ wel
* Mac ind h i

phages: Lym. lymp New, phils: Eos, .

overexpression of bioactive TGF-BI in the murine lung produces
a transient wave of epithelial apoptosis followed by mononuclear
rich inflammation, tissue fibrosis, myofibroblast hyperplasia. and
honeycomhbing (15), The induction of lung Abrosis by intratracheal
instillution of hleomyein was reported to be ussociuted with the
up-regutution of Fus on the cpithelivum and with the concomitant
induction of epithelial upoptosis us a prelude to fibrogenesis (16),
Consistent with the hypothesis that epithelial pathology, particu-
larly pulmonary epithelium apoptosis, is the key to IPF pathogen-
esis, and that it might have some role in the acute exacerbation of
IPF. we conducted SEREX analysis using a cDNA phage library of
type 11 alveolar cell carcinoma (AS549) cell lines to identify specific
Abs present in sera from acute exacerbation of IPF patients com-
pared with stable IPF cases.

Examination of affected pulmonary tissues from IPF patients
reveals inflammatory infiltrates composed principally of T lym-
phocytes and macrophages, with variable numbers of neutrophils,
eosinophils, and mast cells and B lymphocyte aggregates. The oli-
goclonality of TCR gene usuge has been demonstrated in o variety
ol diseases, including IPF (17), sarcoidosis (18), rheumatoid -
thritis (RA) (19), und a variety of other immune-medinted diseases.
Our experiments also include an analysis of the TCR V8 repertoire
of CD4-positive T cells in bronchoalveolar lavage (BAL) fluid
denved from acule exacerbation of IPF patienis. Some identical
TCR VB genes were identified first in BAL or video-associnted
thoracic surgery (VATS) material and sequential second BAL ma-
terials abtained during 1-3 mo in all 10 cases of acute exacerbation
of IPF (cases 1=10) analyzed, suggesting that some infiltrating
CD4-positive T cells shire limited cpitopes on some Ags and
continue 1 expand oligoclonally by Ag-driven stimulation in the
alveolar spaces during disease extension. The overlap of immuno-
dominant T and B cell epitopes has been reported in diazepam-
binding inhibitor-related protein | for aplastic anemia (201, pyru-
vie dehydrogenase complex for primary biliary cirrhosis (21), and
myelin basic protein fur multiple sclerosis (22), suggesting that
overlap of T and B cell reaction is u common theme for antoime-
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d in buih the first BAL/VATS amd subsequent BAL materials by RT-PCR and seypencing analysis.

mune reaction in several diseases. To examine our hypothesis that
Abs detected in our SEREX analysis might recognize Ags that
elicit T cell response in patients with acute exacerbation of [PF, we
used the MHC class 11 epilope prediction program (TEPITOPE)
wnalysis o investigate promiscuous HLA-DR ligunds of autoanti-
gens relued 10 acute exacerbation of 1PF as delined by the SEREX
approach. Our study demonstrates that annexin | is an autoantigen
that raises both Ab production and T cell response in patients with
acute exacerbation of IPF, and that the N-terminal portion of an-
nexin | plays some important role in the pathogenesis of the acute
exacerbation of IPF patients.

Materials and Methods

Patients

The diagnosis of IPF was based on standard eriteria that included clinical
findings, pulmonary function tests. and chest radiographic and high-reso-
lution computed tomography findings (23). An acute exacerbation in pa-
tients with 1PF was delined as foll for the I d phase of IPF,
exacerhation of dyspocg within | min, new diffuse pulmonary opacitics on
chest radiography. a decrease in PaO. of 10 mmHg. ond an absence of
infection or hean filare. We defined stable 1PF as 1PF withoul acute ex-
acerbation (24). BAL lluids and sera were cullected from 45 putients with
IPF (15 acule exacerbation patients. 30 stable patients). 90 patients with
interstitial preumonia related to collagen vascular discase (IP-CVD) (20
polymyositisidermatomyositis (PM/DM) patiems. 20 Sjbgren syndrome

patients. 20 sclerodenma (Ssc) pati 20 RA patienis. 10 SLE patients),
30 patients with pul ry surcoid 10 pati with chronle cosing-
philic pneumonia. 10 patients with hyyp Hivity g itis (HP), and

4 nowmnl volumeers; all samples were soored ot =80 °C uniil vse. Au-
topsies were conducted on five patients with acate exacerbation of IPF
(cases 1-3) Al the time of awtopsy, BAL fuids were also cullected. In
anvther five patieots (cases 6=101, @ second BAL analysis was performed
1-2 mo afier VATS or the first BAL procedure (Table 1), This study was
appeoved by the Fibical Committee of Chiba University

Constriction of a eDNA library and immmmoscreening

mRNA was extracted by a Quick Prep mRNA purification kit tAmeishan
Riosciences) Irom AS4Y cells s rec Jed by ihe lacturer. A
total of § mg mRNA was used for the construction of the ZAP expression
libwaey (ZAP-cDINA synthesis kit #AP-cDNA Gigapack 111 Gold cloning
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Table Il Awtexsatipen genex identified by SEREX i IPF patients
Armine Acid Nu
Cises Recombinant Proteim
Ags —_—
Acute Facerharion of 1PF Stabie IPF Homology wn Pabllined Sequences in the Full m:edhy Aminn Acid
Dhensgvanon tw = 15, cascs 1-15) im = WL cascs Ii-d%) CrenHank Naahave (Accesuon Noj I emgil SFREX tenpih®  Prsition
AGH LTSS L 4 2332 Annegin | (NM_000700) 3g-335 a7 135 -2
AG2 2591218 25,3013 Bax inhibitor | (BC_036203) 187-230 238 25 7-238
AG3 1.8 10,13 28,35 Cytoch ¢ oxid stramit S 151 151 151 1-151
(BC_024240
AGS 4.10. 14 6 Heme oxygenase | (HMOX1) b ¥ 189 63 25-287
(AY_460337)
AGS L5 1 L] Phosphoglycerate kinase | (5 75476) 1o 418 408 =0
AGH 313 2L, 3.9 Annexin 4 (M_K2809) 155-322 mn iy =319
AG? I .3 Macrophage migration inhibitory factor  110-114 16 115 116
(RC_N22414)
AGS 12 2. 36 Aldehyde dehydrogenase | Al 242-308 302 432 29460
(M_31994)
AGY 9 2240 Cytochrome | (BC_015616) 263324 3126 276 -321
AGIO0 28 Annexin 2 (BC_001388) 29 340 131 2-12
AGIHI H Cytochiome ¢ reductase core protein | 386 - 490 424 45472
(L_16842)
AGI2 20. 26 Cytokeratin & (RC_073760) 400412 484 450 5454

“ In acute exacerbation of IPF cases. the most frequently isolited genes were snnexin | and Bax ishibitor |. comprising 7 of 15 cases (47%) and 5 of |5 cases (A)50

respectively

* The recomhinan protein of cytnchrone ¢ nxidase subunit %3 represents fulbleagth penducts, whereas the other 11 ree

prowhicts

kit; Sermtagenc). The titer ol cach ol ihese d)NA vapression librarics wi
on average 2.0 X 10" PFU/MmI. | | ing was perfi
essentially as described (25). in the mmning ﬂqs we mlmd plu:nu
that reacted strongly with sera from IPF pati

in sern from normal vol Pmmve were sul i 1o in

gom ey almou fubl-lengih

jeed with oligonucleotide 8 probe labeled with a 11 AUTP I
beling kil (Amersham Biosciences) m the Yends, and visualized using a
CDP-Suw detection module foll diogrophy with Hyper.
ﬁ]m—MP (both from Amershamn Biosciences), All PCR products demon-
amplification of the same TCR V  repertoires in both the firs BAIL

vivo excision of ihe pBlucscript plnim'n! lgnmp:m:]. which was then
sequenced.

ki 7

Expression of rec in Excherichia coli cells

and Ab assay

All 12 amoantigens identified by our SEREX annlysis were expressed i £
coli IM15 cells) using 6Xhistidine tag-containing vector pQE3I0 (Qlagen).
Various cDNA amplification primers were designed (o encompass alimost
the entire coding sequences of these genes, corresponding to the amino acid
positions shown in Table IT. The induction of recombinant protein synthe-
sis und subsequent punification on Ni-NTA spin columns (Qiagen) were
conducted as instructed by the manufacturer. Using Ni-NTA HisSorb
plates (Qiagen) coated with these 6Xhistidine tag proteins, autoantibody
activities in the BAL sumples and scra wene mcasurcd by ELISA as de-
scribed previously (26). A positive reaction was defined as one with an OD
value that difered from that of ser from sormal donors (e = 40} by 3 5Ds.

PCR amplification and sequencing of TCR VB genes of CD4-
positive lymphocytes from BAL or VATS samples of I1PF patients

BAL was conducted using o standard technique as previously described
(27). Briefly, four 50-m) boluses of 37°C prewanned sierile 0,9% saline
were instilled by insertimg (he bronchoscope into o I bronchus of

fluidd or VATS matcrials and sequential BAL sumples were ligaied (o plis-
mids using the TA cloning kit tllwitru':nl I 1 into comp E
coli cell, and grown under ap conditi After selection of TCR

V B-positive colonies, plasimid DNA was purified. Inserts in the PCR vector
were sequenced by the Dye Primer method using a Tog Dye Primer Cycle
Sequencing Core kit (Applivd Hlusystems), ANl closes wene sequenced
from both directions using M 13 forwand and reverse primers. The TCR V8
sequences were analyzed using the intemutional  ImMunoGeneTics
(IMGT) database (htip/fimgt cines. fr) (29)

Molecnlar typing of HLA-DR molecules and the TEPITOPE

analysis

Typing of HLA-DR alleles was performed using a Dynal RELI 550 HLA-
DRB 1yping kit (Dynal Biotech). TEPITOPE software (hipuliwww
tepitope com) was used to predict polential HLA-DR-binding peprides
within autountigens identificd by SEREX unnlws with a prcmmun thresh-
old of 3%. These HLA-DR-hinding were pared with the
CDR3 regions of identical TCR Vg g:m of CD4-positive lymphocyles
from first BAL or VATS and sequential BAL samples from acute exacer-

batee 1PF patients

Western blot analvsis of annexin | in BAL samples from IPF

the right middie lobe. linguln. or lower lobes and wcrthg:mly ¥ d vin

ts and non-1PF BAL samples and CIM-positive T cell

a hand-held syringe. Total cell count was determined by using a hemncy-
tometer. A differential cell count was taken on Giemsa-stained cytocentni-
fuged preparations. Following cell count, pant of the cell mass was sub-
jected o Now cytomettic amlysts. Some cells (2 2 107) were staimed wilh
MoAb aguinst Lewd (anti-CD3)L Leulda (anti-CD4), and Leu2a (anti-CDB)
(B Riosciences). CD4-positive lymphocytes were isolated from HAL
Muid amd peripheral bluod lymphocytes using anti-CD4 mAb-cnated Dyna-
beads (Dynal Biolech) acconding o the methied described by the manu-
focture. Total RNA from CUd-pusitive cells isolated foun BAL fluid were
mwepared with Isogen (Nippon Gene). PCR and ¢cDNA synthesis and ihe
oligonuclentide primers used for amplification of the TCR VB genes
were desenibed before (28). PCR amplificaiion of the TCR VB genes of the
cDNA was performed in multiple tobes, with each ribe contnining one of
e TCR VA sublumily primers and Cf primer. For Southem blot anulysis,
the PCR products (20 p!) were subjected o 2% agavose gel electrophonesis
wid then uansferred to 2 nylon me The « were hyhnid-
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n BAL fhuidd 1o N-termmal annexin | peptides

BAL fluids were concentrated 10-fold by centrifugation using Amicun
Centricon 10 fliers (Millipore), BAL samples cqmnkm 10 S0 jag protein
were subjected 1o SDS-PAGE under d mg ¢ In kil o
BAL samples from 15 scute exacerbation of IPF cases. BAL materials
from 30 stable IPF patients and non-1PF (90 15 with collag
vascular discase. 30 patiemts with pul id 10y with
philic p ia. 10 uilh HP, and 40 nonmal volunieers)
were au:lyml Aller electrog i s were electnransienmed
i a nylon membrane and probed with puljclmal annexin | Ab (sc- | [387.
Santa Cruz Hiotechnology) against amino acids (pasition 233-299) of hu-
man annexin | and \lmﬂlmcd with HRP-wmugmed anti- -mabbit 1gG Ab
and a sysiem (A fences )
Wi unalyzed whether N-terminal peptides of swmexin | elicn COd-pos-
irive T cell in BAL ples from pati with acute exacerts-
tinny of IPF (coses 1. 3, 5. 6, 7. and 9) Three patients (cases L. Y, and 5)
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Table 1. Claracteristics of BAL fiuid «f the sty popatation
¥
Ag (Desig Acute E Stahle PCVD A y Sarcoidosis  Ensinophilic I Hr Normml Volunteers

Subjects (n) 15 n 90 n n n 40
Cellularity (10%ml) i0 18 16 28 32 29 08
Macrophages (%) 58 (28-74) 96 (86-98) B4 (65-96) 75 164-88) 63 (56-82) 66 (62-76) 96 (90-99)
Lymphocytes (%) 12 (2-24) 2(0-10) 14 (4-32) 24 (12-34) Bi0-18) 32 (24-36) 4(0-9)
Neutrophils (%) 26 (8-48) 0(0-6) 1 (0-8) 1(0-4) 1(0-8) 1 10-4) 0(0-3)
Eosinophils (%) 4 (0-10) 0 (0-4) 1 (0-8) 0 (0-<4) 26 (18-36) 1 (N—4) 1 (0-4)

displayed high titers of anti-annexin | Abs, and the CDR3 regions of iden-
tical TCR VA geoes (clones 1-1, 3-1, and 5-1) from the first BAL and

ial biopsies from Ihn;e cases showed high homology with
the same pnmm (residues |8-26) of in 1 included in the epitopes of
the autoantigens predicted by TEPITOPE analysis. In contrast, the other
patients (cases 6, 7, and 9) were negative for anti-annexin 1 Abs. CD4-
positive T cells were sepurated Trom BAL cells using anti-CD4 mAb-
coated Dynabeads (Dynal Biotech). For purification of alveolar macro-
phages, BAL cells were allowed (o adhere to plastic plates for 3 h, Cells
were recovered by gentle scraping with a rubber policeman. The alveolar

ative for anti-annexin | Ah. Hilar lymph nodes dissected ai the time of
atopsy were forced through sterile mesh screcns, anl the cells were re-
peatedly washed und pended in dium. B cells and CD4 "

and CDR " T cell subsets were ncguwely selected by the MACS magnet-
activared cell separation system (Miltenyi Biotec) as instructed by the man-
ufacturer. Either CD4™ or CDR® subsets of T cells (10%well) with the
sime number of punitied B cells us well as B cells slone were cocultured
in 24-well tissue culture plales with N-terminal annexin |-positive peplide
120 pg/ml, position 18-26: QEYYQTVKS) or -negative peptide (20 ug/
ml position 201-209: DARALYEAG) of annexin | in the presence of

macrophages thus obtained were 95% pure by morphology nnd pecific
esteruse staiming. A total of § X 10° CD4-positive T cells were cultured in
9fi-well U-bottom plates (Twaki Glass) with the same number of alveolar
macrophages for 6 days at A7°C with medium only. N-terminal annexin
I-positive peptide (20 pg/ml, position |8=26: QEYVQTVKS). or a neg-
ative peptide (20 pgfml, position 201-209; DARALYFEAG) of annexin |

Jivted 1o display o binding 10 the LA muolecule. Alter tiplicate cul-
Iures were ma.lnl.:m:d for 6 dnys the BrdU assay procedure was conducted
using a Frontier BrdU cell pnﬂil't:mlm assay cell proliferation Icil {Funa-
koshi) g to the | of the I The wils
quantified by rnemdng the OD at a wavelength of 450 nm.

In vitre assay of vimph node cells for annexin | Ab production

An in vitro assay (o unalyze annexin | peptide-induced anti-annexin | Ab
synthesis of lymph node cells from patients with acute exacerbation of IPF
(cases |, 3. and 4) was conducicd. Two paticms (cases | and 3) displayed
high titers of anti-annexin | Abs, and the other patient (case 4) was neg-

) mitogen (1 pgfml) for 10 days. Anti-annexin | Ab levels in
nlullluu:d culture suy were | by ELISA using Ni-NTA
HisSorb plares coated with 6Xhistidine tag | proteins as described
above. The reaction was quantified by imeasuring the ‘OData wavelengih
of 450 nm. All cultures were prepared in duplicate. and anti-annexin | Ab
resulis represent the means of duplicate values,

Western blot analysis of full-length and elastase-cleaved annexin
| prabed with BAL and sera from IPF patients and non-IPF
patiens

The ¢cDNA amplification primers were designed (o encompass (he entire
cuding sequence of annexin 1. The primer sequences for annexin | (sense,
ATGGCAATGGTATCAGAA und anti-sense. GTTTCCTCCACAAA
GAGC) were used for amplification of annexin 1 cONA from AS49 cDNA
libeary by PCR (30 cycles). Aficr nuclentide sequencing of PCR products
was determined by the Dye Primer method using a Tay Dye Primer Cycle

Table IV, Freguency (percentuge) of EIISA reactiviey with recombinans aitoontigens

i 1TCVD = )
Pl Eosinophilic Noomal
Az Acule Exacerbation  Stable  PM/DM  Sjderen Ssc RA SLE S.m'mdnns Pricamonia HP Volunieers
1 Designation) = I5) = n=23) (k=2 =2 w=MX) w=10) (a=23D (n= 100 (=100 {n = 40)
Serum reactivity
AGI 47 7 0 0 0 10 10 0 0 0 0
AG2 b1 ] 10 0 0 0 0 0 o 0 0 0
AG3 27 7 0 0 0 0 5 1] [¥] 0 1]
AGd 20 i 0 0 0 5 0 1] 0 0 0
AGS 0 i 0 n 1] n 0 n ] 1] 0
AGH (K] 10 0 0 0 0 0 0 0 0 0
AGT 7 7 0 0 0 0 0 0 [i] 0 (1]
AGS 7 7 U] hj 1] ] 0 V] ] u ]
AGY 7 7 0 0 0 0 0 0 (] ] 0
AGIO 0 1 n n N 5 n n ] n (4]
AGIH (1] 1 1] 1] 0 0 0 o /] 0 0
AGI2 0 7 0 ] 0 0 0 0 0 0 0
BAL Muid neactivity
AGI 33 10 0 (1] 1] ] 0 0 0 0 0
AG2 3 7 ] n 0 0 A 0 1] n 0
AG3 33 T, 0 5 0 0 0 0 0 f 0
AGH 33 3 0 0 0 0 0 n 0 0 0
AGS 7 i [l 0 ] 0 1] 0 0 1] ]
AGH 13 I3 1] 0 0 4] 0 0 0 0 0
AGT 7 n [} n 0N n i L] (1] ] N
AGS 7 7 0 0 0 0 0 0 0 0 0
AGY 13 1 0 0 0 0 0 0 0 1] 0
AGIU (] A i} u 0 1] u ] 0 U} 0
AGII 0 7 0 0 ] 0 ] 0 0 0 0
AGI2 ] n 0 n n 0 n n n n
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Table V. Comgparisim vof ELISA resntivity in ente exacerbuated aml stuble IPF
Az (Devigustim)
Samgle Case No AGH Al AL AGd AGS Al AGT AGE AGS AGIO AGH ALi12
Acute exacerhation of [PF*
Serum [} A7%" %" XL I 0% 13 T% % 7% (143 0= 0%
Mean DD 405 nm 1.73 157 098 1.o6 054 032 046 044 052 0.56 049 043
S 415 nm |46 1.36 0s2 .63 nis 40 (N1 005 (.08 006 012 UN ]
Max. 0D 405 nm 398 138 1.99 205 091 102 09 098 0N 0.58 os1 052
BAL fuid S3I%Y 47RO AOW  VET 21 1% ™" % 13% % (L %
Mean OD 405 nm 1.83 173 152 0.86 0.55 056 D58 044 089 056 051 046
SD 405 nm 1.24 146 064 on D.44 042 012 015 005 n.o4 URE} 016
Mux. O 405 nm 416 184 24 245 L nuy L2 0S4 09s (.49 0no3 154
Stable IPF

Sennn n T% L] % 1% 15 0% % % TR % ¥ T%
Mean OD 405 nm 043 050 038 045 041 042 042 048 0852 0.36 048 055
SD 40 Sam 0.18 017 032 oo 019 025 006 012 D0 0.08 04 021
Maux. OD 405 nm nyy Y2 .89 0.2 (181 ] .87 193 nY94 .98 (LE8 094 .96
BAL fuid 10% % % % % 13% 10% % % % % T
Mean OD 405 nm nsa 057 046 n42 053 39 038 052 04 049 N46 ns2
SD 405 am 0.18 Q.15 018 0.09 018 012 028 010 008 0.06 018 021
Max. OD 405 nm 1.02 0.94 090 093 1.08 098 092 098 0N 0.91 o9 0.98

“The scrum and BAL fluid Ab kevebs of annexin | (AG 1) Bax inhibitor | {AG2) eytoctwome ¢ oxidase subunit Sa (AG), heme oxygenase | IAGH) and phosphoglycerate
kinase | {ACGS) were significantly higher in cases of acute exacerbation of IPF than in stable 1PF

Sequencing Core kil full-lengih annexin | was expressed in E coli (M15
cells) using TAGZyme (Qiagen). The induction of recombinant protein
synthesis. subsequent purification on Ni-NTA spin colums (Qiagen). and
the complete removal of N-tenminal His 1ags were conducted as instructed
by the manafocture. Purificd recombi in | was incuhaied with
human lenkocyte elastase (Sigmu-Aldrch) at a final ¢ of 0.3
Ulml in reaction bufer (30). After electrophoresis of Tull-length annexin |
and elastase-cleaved annexin | (each 25 pg protein). the proleins were
electrotransfesred to a nylon membrane and probed with sera of IPF pa-
tients (15 acute exacerbation pnlll:nl!. 30 stoble patients) and non-IPF pa-

¢DNA library derived from AS549 cells were scrcened by 45 indi-
vidual sera [rom patients suffering from acule exacerbation of IPF
and stable IPF, Forty-nine positive clones representing {2 different
known genes were detected. Table Il summarizes the charactens-
tics of the 12 genes identified by SEREX analysis of IPF patients.
In acute cxucerbution of IPF cases, the most frequently isoluted
senes were annexin | and Bax inhibitor |, comprising 7 ol 15
cuses (47%) and 5 of 15 cases (33%), respectively. Another three
Abs (cytochrome ¢ oxidase subunit 5a, heme oxygenase |, and
phosphoglycerate kinase 1) were more highly detected in acute

nerm (90 pati with i in related to collagen vascular
30 p with pul y sarcoidosis, 10 patients with chronic
philic | i 10 g with HP. and 40 nonmal vol !

Stavisical analvsis

The Mann-Whitney U/ test was used to compare the levels of Abs, CD4-
pusitive T cell responses in HAL (loid, and in vitro assay of lymph node
cells. p values of <005 were considered significant in the analysis,

Results
BAL profile

The median recovery rde of BAL samples from 15 seule exacer-
bated TPF cases was 34.7% (range, 37.6-67.2%). The cytological
profile of BAL sumples derived from cuses of acute exacerbated
IPF shows an increase in total cell numbers and marked neutro-
philin (8-48%) compared with healthy control subjects (Tables |
and 111). BAL NMuids ebtained from all |15 acute exacerbation cases
were negative (or cultures of bacteria and fungi. and they showed
negative results for PCR analysis of Pueumocystis carinit and
cylomegalovirus.

SEREX analvsis of patienis with IPF

To determine the elficiency of the SEREX 1echnigue, we mndomly
picked up 1000 phagemids submitted to in vivo excision of the
pBluescript plasmid. PCR analysis using primers that annealed o
the T3 and T7 promoter regions lanking the multiple cloning site
in the ZAP Express vecior showed a range of cDNA inserts sizes
from 200 to 7000 bp, with an average of —2500 bp of these 1000
plasmids. The efficiencies of our SEREX technigue for the gener-
atton of small protein Ags <360 bp (120 amino acids) amd Ags
lurger than 1500 bp (500 amino avids) were = 1% and ~72%,
respectively. Approximately 2.0 % 10" recombinunt clones of a

exacerbation of TPF than in stable IPF with frequencies of 1 of |5
cases (20%) 1o 4 of 15 cases (27%).

Survey of sera and BAL samples for Abs to the panel of
recombmant awtoaniigens

The recombinant protein of cytochrome ¢ oxidase subunit Sa rep-
resents full-length producis. whereas the other 11 recombinant au-
toantigens represent almost full-leagth products (Table 1T). Table
IV shows the reactivity to the |2 recombinant autcantigens ol sera
and BAL samples from patients with TPF, patients with other re-
spirmory discases, and healthy volunicers, Our study shows that
Abs to annexin | were detected in 47% (7 of 1S cases) and 53% (8

I

14,

LR
s-'“il tt
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FIGURE 1. Serun levels of anti-annexin | Abs to the 6)Xhistidine tag
protein. Serum from patients with acute exacerhation (AE) and stable (8T)
TPE. IP-CVD. pul v surcoidosis (SAL philic 1 (EP).
Irype (HP), and normal volumess (NV) were ex-
amined. Horzontal bans indicate the mein values

vily pne
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Table VI. Mentical TCR VB genes from first BAL/VATS biopsies and subscguent BAL samples from patients with acwte exacerbation of 1PF

761

Incidence Rawe” Junctional Sequence
Case No. First
Clones  Materals BAL v N-D-N i
1 Ist BAL  2nd HAL
(8] CASSQ DYVOQLAKS EAFF
420 K20 V3.l TGTGCCAGCAGCCAA GACTATGTTCAACTAGCTAAATCT GAAGCTTTCTTT n-1
1-2 CASS PEAGG ETQYPF
no 4120 V5.5 TGTGCCAGCAGC CCAGAAGOGGGAGGT GAGACCCAGTACTTC 12-5
1-3 CABS8SV ALLEG LFEF
420 5120 Vo TGTGCCAGCAGCGTA  GCCCTACTAGAGGGS CTGTTTTTT 122
2 Ist BAL  2nd BAL
2-1 CASE5Y SAMVTSF EQFF
420 5/20 V6-2 TGTGCCAGCAGTTAC TCAGCCATGGTAACTAGCTTC GASCAGTTCTTC 12-1
k] Ist HAL  2nd BHAL
31 cCASS8Q EGHOQT VLTEF
5120 720 Vi4 TGTGCCAGCAGCCAA  GAGGGACACCAGACC GTCCTGACTTTC 126
32 CATER BELOGDT GELFE
o 320 Vis TGTGCCACCAGCAGA GAGCTTCAGGGGGATACC GGCGAGCTGTTTTTT n-2
-3 CASSEVY AFLTVGC EGNTIYTY
ino 420 vo TGTGCCAGCAGCAGTA GOCTTCAACCTCACAGGGTGT TCTGGAAACACCATATATTTT J1-3
4 Ist BAL  2nd BAL
4-1 CASSQ EGHQOT VLTF
5120 620 Vi4 TGTGCCAGCAGCCAR  GAGOGACACCAGACT GTCCTGACTTTC 126
4.2 CASSL ASLSI GYTFGQ
420 420 V78 TGTGCCAGCAGCTTA GCTAGCCTAAGTATA GGCTACACCTTCGGT n-2
43 CAESYV AFLTVGC NTIVYPF
nu L] vy TGTGCCAGCAGCOTA  GCCTTCAACCTCACAGOGTGT AACACCATATATTTT n-a
3 Ist BAL 2nd BAL
51 CASS8Q EYTSTVQ SPLHT
420 5120 V4-3  TGTGCCAGCAGCCAA GARATACACCAGCACCGTGCAA TCACCCCTCCACTTT -6
5-2 CARSL EFAFKTGY KLPFQG
4720 420 V5-3 TGTGCCAGAAGCTTA GAATTTGCCTTCAAAACAGGGTAT  AAACTGTTTTTTGGC Ji-4
[ VATS BAL
[ CAEBESL LRLSG YNEQPFTF
620 B20 VI3 TGTGCCAGCAGCTTA CTACGACTGTCGGGS TACAATGAGCAGTTCTTC 12-1
62 CASSE VSDAG AFF
420 4120 V2 TGTGCCAGCAGCGAA  GTTTCGGACGLGGGG GCTTTCTTT 11
7 VATS RAL
T-1 CASSI QSESGRCI SPLHT
6/20 4120 vi9 TGTGCCAGCAGCATT CAACCGGGACGTTGTATA TCACCCCTCCACTTT 16
8 Ist BAL  2nd BAL
B-1 CASSE YVPTD KENIQYF
520 420 V10-2 TGTGCCAGCAGCGAA TATGTCCCCACAGACL AAAMACATTCAGTACTTC 124
B-2 CSAR LAQG TCYF
S0 620 V20-1 TGTAGCGCCGAA TTAGCCCAGGET ACGCAGTATTTT 12-3
83 CASSL LRWAP GELFF
£ 420 V7-2 TGTGCCAGCAGCTTA CTGCGGTGGOCCCCG GGGGAGCTGTTTTTT -2
9 Ist BAL  2nd BAL
9-1 CASSEPE LTGVFTEK TEAFF
5120 620 Vis TGTGCCAGCAGCCCC  CTAACGGGAGTCTTCACAAAG ACTGAAGCTTTCTTT n-i
9-2 CASSQ YRRSHNG QYF
420 44m Vil  TGTGCCAGCAGCCAA  TATCGCCGATCCAATGGG CAGTACTTC 124
10 VATS BAL
10-1 CASSQ KAPGNR NQPQHF
5120 420 V4-1  TGTGCCACCAGCCAA  AAACCACCGUGGAAATAGS AATCAGCCCCAGCATTTT 1-5

“Tnoall 10 cases (cases 1-10), some identieal TCR VE gemes were detected by sequencing amalysis of the RT-FCR product of the first RAL fud ve VATS materials and

il BAL samples, with freguench

un-l' of the ol number of vecior clunes analyzed

of 15 cases) of the sera and BAL materials from patients with acute
exacerbation of IPF. and >7% (2 of 30 cases) and 10% (3 of 30
cases) of the sera and BAL materials from stable IPF patients.
Four other Ags (Bax inhibitor |. eytochrome ¢ oxidase subunit
5a, heme oxygenase |. and phosphoglycerate kinase |} reacted
with sern and BAL materials from patients with acute exacerbation
ol IPF with frequencies 20-33% higher than those of siable IPF
patients. No specific Ab reactivity (o annexin | was detected in
cither the sera or BAL matenals from 40 normal volunieers and
non=-1PF subjects except for 10% reactivity in sera samples lrom
putients with RA and SLE-reluted interstiial pneumonia. The 11
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wanging from 3 ol 20 1o 8 of 20 clunes. The results of seguencing are presemted aa the incidence rates of the predumirant sequences

other Abs were also more frequently detected in both serum and
BAL samples from [PF patients (acute exac and/or stable
cases) than other subjects and control volunteers, although a few
non-IPF subjects showed reactivity 1o some Ags.

Comparisen of Ab levels in senom and BAL samples betwveen
dewte evacerbation of IPF and stable 1PF

The serum and BAL fuid Ab levels of annexin 1, Bax inhibitor 1,
cytochrome ¢ oxiduse subunit Sa, heme oxygenase |, and phos-
phuglycerute Kinuse | were significantly higher in cases ol acute
exacerbation of IPF than in stable IPF (Table V). The daw of



762 SEREX ANALYSIS OF IPF PATIENTS
Table VIIL.  Homology berw een identivul TCR VB gewes and T cell epinipes predicied by the TEPITOPE priggriom
T Cell Fpi s Predicted by the TEPTTOPE Program
Case T Cell TCR Vf3 CDRY Regions* v >
Nuo Clone Peptibes of Ags® (position) Ap Tentifhod by SEREX Hesidual Nou ® MHC Abbele
1=l ASSQIYVOLARSKAF
NEEDEYVOTVASSRG |.5-29) Anoetin | -2 e DREB | 404
L CASSVALLEGFE
AAGSVILLENLAF [(11.-123) Phesphoghycerate kinase | 114123 DRBI BI04
113-123.° 220-228. 242-252 DRBI*040
21 CASSYSAMVISFEQRP
AAGAYVHMVTSFIQAG [42-57) Bax inhibitor | 46-54." 214-121 DRE | “0802
NA DRB) 1401
' N ASSQEGHGTVLTF
NEEQEYVQIVASS (15-27) Annesia | 0-28.* 47-55, 2RS-29) DRAL*1 07
I8 MY
T-228, 314322 DRKL* 502
LR CASSVAFLIVCCEGNTTYF
GTDEVKELIVLCSRNKNML (186-2041  Anncxin 4 T3R5, 190-198" 211-219 NRML 07
T0-87. 130-147. 190-198" 13-240. 254262  DRMI 1502
4 LN ASSQEYTSTVUSPLH
MEEQEYVOTYXSSKG (15-29) Anneun | 1-20.% 296-204. W07-308 114-126 DRE1 0101
217-225. 314322 DREI* 1301
52 LEFAFKTGYKLFFG
AGPAFLTQVGLGFA (R3-1021 Bax inhibivor | 19-54. 01-99* 140-148 DRAI 0101
66-74, 177-191 DRBI=| 501
7 71 ASSIQSGRCTPL
AVAIQSVRCYZHG (32-44) Cytochrome « oxidase subunis 5a NA' DRBI 0901
NA DRBI 1001
* B CASSEYVPTDENT
NEEQEYVOTVESS (15-27) Annein | NA DRBI-0403
ING=1 1S, 174182 210-227, J05-U4 DRALT 1402
“ Idemical aminn soid residues in the CORA region of identical CD4-p yies clones and autoantigens derived from SEREX analvsis are ondesfined

" The powitions of identical amino acide residues locladed in the T cell qnlnpn [n:\iru-el by TEPITOPE program aie demoniirated

* NA, Not applicshie

serum Ab levels of annexin | were also shown as a log titer graph
{Fig. 1). In comrast. the levels of the seven other Abs did not differ
beiween acute exacerbation of IPF and stable TPF, or they were
lower in stable IPF than in acute exacerbation of IPF cases.

Sequence analvsis of the TCR VB gene rearrangements of IPF

All 15 acute exacerbation of IPF cases showed some predominam
TCR VB reperioires of CD4-positive cells on Southern blot anal-
ysis of BAL samples (Table 1), In all 10 paticnts (cases 1-10),
some identical TCR VB genes were detected by sequencing anal-
ysis of the RT-PCR product of the first BAL fluid or VATS ma-
terials and sequential BAL samples. The results of sequencing are
presented as the incidence rtes of the predominant sequences ol
of the total number of vector clones analyzed. Some identical re-
wrrangements of TCR VB genes existed, with [requencics ranging
from 3 of 20 1o 8 of 20 clones in both the first BAL or VATS
samples and subsequent sumples (Tuble V),

Identical CDR3 of TCR VB clones in sequential samples and
TEPITOPE analysis

We determined HLA-DR Ags in all 15 acute exacerbation of IPF
cases (Table 1), In 6 patients (cases 1, 2, 3, 5, 7, and 8) in which
identical CDRA regions of TCR VB clones in sequential samples
showed high homology with Ags detected by SEREX analysis. 8
of 12 HLA-DRB Ags could be analyzed by the TEPITOPE method
(Table VII). In acute exacerbation of IPF cases, including those
with HLA-DRB Ags, all excepl one (clone 8-1) CDR3 region of
identical clones were included in the epitopes of the autoantigens
predicied by TEPITOPE analysis. The CDR3 regions of identical
TCR VB genes telones 11, 3-1. 5-1. and 8-11 show high homology
with the same portion (residues 18-26) of annexin 1. In contrast,
CNR3A regions of TCR VB genes (clones 2-1 and 5-2) show ho-
mology with the dillerent portions of Bux inhibitor | gencs. Focus
was hus placed on gnoexin | Tor [uiher studies ol CD4-positive
T cell responses in BAL fud

Western bloi analvsis of avmexin | in BAL samples from IPF
patients and non-IPF patients

With the use of BAL fluid proteins. annexin | was detected in all
15 cases of acute exacerbation of IPF. Western blot analysis
showed full-length (36 kDa) and/or a cleaved form (13 kDa) of
annexin | in BAL fluid proteins in cases of acule exacerbation of
IPF. Typical examples of the analyses are shown in Fig. 24, It
nppeared that some BAL fluid samples from patients with acute
exacerbation of IPF (cases 1, 3, 5, 7, 8. and 10), which contained
~20% or more neutrophils on the differential cell count (Table 1),
included large amounts of the cleaved form of annexin | equal to

A b S i |
33
B L L1 I

" e

B sasasscooc 33355E8=e

JokDa »

£t Y 5§ % B _ &
BB ERRBER |
Sﬁ,lhl,!ﬁ

m.n,-

1IkDe

FIGURE 2. Western blot analysis of aonexin | in BAL materials from
patients with acuie exacerbanion of IPF (A ). stable IPF. and non IPF (B A,
Numbers above the Lines comespond (o ihe case numbers of acule exic-
erhation of IPF in Table [ Ist and 2nd iepresents [s1 BAL and 2nd BAL
materials. B, Each lane represents typical BAL samples from individual
subject. §1-83, stable IPF; C1-C3, collugen vasculir discuse: SA1-SA3,
pulmonary sarcoidosis; EP1 and EPY, eosinophilic preainonia; HPY and
HP2, hypersensitivity prieamonitis: N1 andt N2, poomal volunteers.
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A
case | -
case 3 ad
case S -
case 6
case 7
case 9
0 2 4
0D 450um
T cells + APC + positive peptide
B
case |
case 3
case §
case §
case 7
case 9§
[1] 2 4
O 450am
T cells + APC + negative peptide
C
case |
case 3
case §
case 6
case 7
case 9
0 =on 4
T cells + APC alone

FIGURE 3. BrdlU assay response of CDd-positive T cells to N-tenninal
peptides of anoexin | i patients with scule exaerbation of 1IPF cases
Values represent means + SD of wiplicate culiures. A. T cells ~ APC 4
positive peptide (QEYVQTVKS). Annexin |-positive peptide induced
marked prohiferuive responses of CD4-positive T cells with APC (alveolar
macrof ) in three § (cases 1, ¥, and §) with high titers of anti-
annexin 1 Abs 1 with her three § (cases 6, 7. and 9)
Astierisks indicae values signicunily dillerent from other cases or peplides
(%, pp < 005, #=, p < 001), B, T cells + APC + negative peptide. C, T
cells = APCT alone. Annexin I-negative peplide (DARALYEAG) or no
peptide induced profifendive responses of CED-positive T cells in pone ol
all six patients

or larger than the nmount of the full length of annexin 1. In case
S, the first BAL fluid peotein demonstrated only full-length an-
nexin 1, with 8% neutrophils on the differential cell count. In con-
trast, the second BAL luid samples of case 5 showed a shon form
us well as the long form of gonexin |, with 28% neutrophils on the
differential cell count.

In contrast, in 30 BAL fluid samples from stable IPF patients
and 90 patiemts with collngen vascular disease, the full length of
annexin | was also present in 5 of 30 (16%) and 6 of 90 (7%)
samples. respectively. The six patients with collagen vascular dis-
gase were composed of one PM/DM patient, one Ssc patient. two
RA patients. and two SLE patienis. However. the cleaved form of
annexin | was absent in all cases with stable IPF and with collagen
vascular disease. In other non-IPF BAL samples (30 patients with
pulinonary sarcoidosais, 10 patients with cosinophilic pneumaonia,
1) patients with HP, 40 noomal volunteers), the full length of an-
nexin 1 owas only burely detected. Typicul examples ol patients
wilh stable TPF and non-1PF are shown in Fig, 28,

T cell responses in BAL fluid to N-terminal annevin 1 pepiides

N-terminal annexin -positive peptides indoced marked prolifer-
tve responses of COu-positive T cells in three patiems (cases 1, 3,
and Sy with high titers of annexin | Abs, compared with three other

"
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FIGURE 4, In viuo unti xin | Ab prod in lymph node cell
I in response to in 1 pey Lymph node cells from patients
with acuic exacerbation of IPF cases were cultuned with annexin |-positive
(QEYVOQTYKS) or -negative (DARALYEAG) peptides for 10 duys, and
anti-annexin | Ab levels were mensured by ELISA. Values represent
means + 8D of wiplicate cultares. Two patients (cases | (A) and 3 (B)
displayed high uters of annexin | Abs and the other patient {case 4 (C)
was negative for annexin | Ab. Asterisks indicate values significantly dif.
ferent from ather cases or peptides [+, p < (0L01)

palients (cases 6, 7. and 9) { p < 0.05: Fig. }). Annexin |-negative
peptides or no peptide imduced proliferntive responses of CD4-
positive T cells in none of all six cases

T vitre anti-unnexin | Ab production in response 1o annexin |
peprticle

The effect of N-terminal-positve peptides of annexin | compared
wilh negative peptides Tor B cell autoreactivity was examined in
three cases (Fig. 4). B cells and CD4
ucute exacerbution TPF paticats (cases | and 3) with high e of
annexin | Abs i their serum und BAL produced high levels ol
anti-annexin 1 Abs in response (o N-terminal annexin L-positive

T cell subsets from 1wo
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FIGURE 5, Western blot analysis of full-length and elastase-cleaved
unnexin | probed with sera from with scule batiun of 1PF
(A). stable TPF, and non-1PF (B), A, The numbers above the lunes core-
spond 1o the case numbers of acute exacerbation of TPF in Table |, |st and
2o represent kst BAL and 2nd BAL maivrials. B, Each lane represenis
typical BAL sampies from on individual subject. S1-S5. sable [PF; Cl-

C3. collagen vascular d SAL, pul y sarcoidosis: EPL. eosino-
plulic poeumonia: WP hypemsensitivity  pocomoniis; NI, nurmal
voluntesr

peplides. In contrasi, only B cells or B cells and CD8' T cell
subsels from two such cases did not produce unti-annexin | Ab, In
the other case (case 4) negative for anti-annexin | Abs in his serum
and BAL, none of the lymph node cell culture supernatamts in
response 1o annexin |-positive or -negative peptides contnined a
high amount of anti-annexin | Abs.

Western bloyr analvsis of full-length and elastase-cleaved annexin
| probed with sera from IPF and non-IPF parienis

To determine whether anti-annexin | Ab preferentially binds to the
N-terminal portion of annexin | cleaved by neutrophil elasinse, we
analyzed Western blots of full-length and elastase-cleaved annexin
I probed with sera from 1PF and non-1PF patients. With the use of
sera, blots were able to bind to the full-length and/or the cleaved
form of annexin | in 7 of 15 cases with acute exacerbation of IPF.
Typical examples of the analyses are shown in Fig. 5.

Four patients (cases 1, 3, 5, and B) with acule exacerbation of
IPF demonstrated that their seru only bound 1o the full length of
unnexin 1 without binding o the clenved one, This result soggesied
that the anti-annexin | Abs in these four cases bound the N-ter-
minal portion of annexin |, which did not exist in the cleaved
form. In contrast, in 30 paticnts with stable IPF and 90 patients
with collagen vascular disease, 3 of 30 (10%) patients and 2 (| RA
patient and | SLE paticnt) of 90 (2%) patients demonstrited that
their sera bound to both the full-length and the cleaved form of
annexin 1. respectively. In other non-IPF BAL samples (30 pa-

SEREX ANALYSIS OF IPF PATIENTS

‘e A

Abs were ide | as novel 5 for IZENns in acute
exacerbation of IPF using the SEREX. In particular. several find-
ings in the present siudy suggest that annexin 1 is involved no
only in Ab production, but lso in CPM-positive T cell responses
derived from BAL samples in scute exacerbated [PF paticnts.
Western blotting unulysis and CDd-positive T cell nesponses of
BAL samples demonstrated that the N-terminal portion of annexin
| might play an important role in the hophysiol
acute exacerbated IPF palienis,

Congidering thal the efficiency of our SEREX 1echnique for the
generntion of small protein (<120 amino acids) was low (—1%)
and that the average insert size was —2500 bp., our technique was
not efficient for certain proteins and did not skew the identification
of Ags by patients” scra. By applying the SEREX approach using
the serum of patients with acute exacerbation of IPF, we could
detect nine Abs with frequencies ranging from 7 of 15 (47%) to |
of 15 (7%). Three more Abs were found with frequencies mnging
froom 2 of 30 (7%) 10 1 of 30 (3%) by the SEREX analysis vsing
serum from patients with stable [PE. Another report involving
SEREX unalysis using expressed cDNA libruries denved from an-
other twmor cell line (AB 1) showed three Abs (ATS, IGHPI, brain
EST) in 1PF palients (31). Anti-cylokeratin 8 Abs have been re-
ported in sera from patients with IPF by Western blotting analysis
(6). In our report, we detected anti-cytokeratin 8 Abs in 2 of 30
(7%) patients with stable IPF, but not in patients with acute exac-
erbation of IPF, The results of the p study o rute that
five Abs (annexin |, Bax inhibitor 1. cytochrome ¢ oxidase subunit
Sa. lleme oxygenase |, phosphoglycerale kinase 1) are present at
frequencies from 3 of 15(20%) 1o 7 of |5 (47%) in serom from
patients with acute exacerbation of IPF, but not from patients with
stable TPF

Because we wanted (o determine the relevance of the Abs de-
iceted by ihe SEREX method as l.'|i|1it:ll] markers ol 1PF, we con-
ducted ELISA using 12 recombi gens Serum levels of
all 12 Abs were higher in patients with IPF than in other groups.
A minority of non-IPF subjects exceptionally demonstrated
slightly elevated Ab titers. The levels of Abs to most of our 12
auoantigens in BAL samples were preferentially clevated in pa-
lients with [PF (Table 1V), Only a few non-IPF patienis studied
exhibited elevaled Ab levels in their serum and BAL samples.
Because local inflammation is remarkably different from the sys-
temic immune response, BAL samples are superior to serum as a
source of Abs in terms of monitoring local pulmonary immunc-
logical reactions. Measurement of Abs to our 12 autoantigens in
BAL samples could be a specific and sensitive means ol identify-
ing individuals with TPF. In our study, patients with dcote ¢xoc-

rbation of IPF exhibited significanily higher levels of serum and
BAL Nuid Abs 1o 3 (anncxin 1, Bax inhibitor 1, cytochrome ¢
oxidase subunil Sa. heme oxygenase |, phosphoglycerate Kinase 1)
of the 12 autoantigens idemitied by SEREX analysis (Tuble V)
Interestingly. three of these five Ags are related to apoplosis, These

P gy of

tients with pulmonary sarcoidosis, 10 patiems with eosinophilic
poeumonia, 10 patients with HP. 40 normal volunteers). sera did
not bind to cither the full-length or the cleaved form of anuexin 1.

Discussion

This study initiates a survey of the humoral iminune response re-
lated to the pulmonary epithelial pathology of patients with acute
exacerbated or stable 1PF (o 12 avtoaniigens wentified by SEREX
methods using & cDNA phage library of type 11 alveolar cell car-
cinomin (AS49) cell tines, In o survey of senum and BAL samples
for Abs 1o the puncl of recombinant astoantigens identificd by
SEREX anulysis, hve (unnexin 1. Bux inlibitor 1, cytochrome ¢
oxidase subunit Sa. heme oxygenase |, phosphoglycerme kinase 1)
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autoantibodics are unlikely to be the primary cause of lissue dam-
age, although they might reflect prominent apoplosis of alveolar
epithelial cells in cases of acute exacerbation of IPF, Because car-
cinoma cell lines are by their nuture going to be aliered from the
native type 11 cells. and they are more than likely overrepresented
with proteins regulating apoptosis, the A549 cell line would be
suitable for our SEREX analysis to detect Abs related to apoptosis

One difference between apopiotic and necrotic death 1s that pro-
grummed cell death results in the ordered fragmentation of cells,
leading (o rapid phagocytosis by neighboring cells and/or profes-
sionul phagocyies without cell activation and inflammation (12)
Apoptosis is important in the remodeling of Dssues dunng repair
Huowever, during apoptosis, the cell membrane forms cytoplasmic
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blebs. some of which are shed as apoptotic bodies. and a number
of autoanugens are located at the cell surface or within the apo-
plotic blebs (33). 1t has been reported that normal mice injected
with syngencic apoptotic thymocytes  develop  sutoantibodics,
whercas similar mice immunized with nonapoptotic syngencic
splenvcytes generully do not develop autountibodies (34), More-
over, cultored keratinocytes exposed to UV B/UV A imdiation
(known apoptotic stimulus) demonstrate enhanced binding of au-
toantibodies direcied against Sm, RNP. Ro. and La ta the cell-
surface membrane (35). Such findings indicate that the handling of
apoptotic cells is not always silent and that apopiotic cells may
serve us reservoirs of auloantigens. Accumulating data suggest that
a breakdown in tolerance leading to (he production of autoanti-
bodies may be attributed to posttranslational modifications of au-
toantigens during apoptosis or cellular stress, resulting in the cre-
ation of neocpitopes to which the immune system has never been
exposed (36). Although ot remains uncertain what canses acute
exacerbation of IPF, the pathologic findings of autopsy specimens
wilh respeet o acate exacerbation of TPF demonstrate that 1L-18
and TNF-c wie strongly positive in alveolar macrophages and Lype
1l pneumocytes. Such proinflammutory cytokines muy enhance the
apoptosis of type Il pneumaocytes. The elevated levels of some Abs
o0 Ags related to apoptosis in acute exacerbation may reflect the
uberrant nntigenicity of apoptotic type 1T p vies. Note that
apoptotic cells administered intratracheally directly into the lungs
ol rus are reported (o induce secondary apoptosis by apoptotic cell
instillation. leading to pulmonary fibrosis (7).

Anncxin 115 included among the autoantigens detected in (his
study. Annexins comprise a group of calcium-dependent phospho-
lipid-binding proteins, The calcium- and phospholipid-binding
sites of most annexins are located in four repeated and highly
conserved regions, each of which contains —70 amino acids, Al-
though multiple functions of annexins have been suggesied. in-
cluding achivitics in exocylosis, signal Inmsd il
tion, anticoagulation, and culcium channel regulation, it is possible
that each of these annexin functions is tissue-specific. The lung is
rich in annexins, and annexin | appears to be the most abundant
protein among the annexin family of proteins in the mammalian
lung, where it exists in alveolar epithelial type 11 eells and in al-
veolar macrophages. Annexin | was discovered >20 years ago as
a protein that mediates the antiinflammatory action of glicocorti-
coids. Two effects have been proposed to explain how exog-
enously apphed annexin | could interfere with inflammatory pro-
cesses, The first effect involves the regulation of eicosanowd
production. Annexin | inhibits phospholipase A, the first enzyme
in the metabolism of eicosanoids, and it has been proposed that this
inhibition und the resulting decrease in arachidonic ucid release are
the basis ol the antinflammutory elicet (38). 1t has been reported
that eytosolic plivspholipuse A, plays a pivotal role in the patho-
genesis of pulmonary fibrosis, and that distuption of the gene en-
coding eytosolic phospholipase A, significantly attenates pulmo-
nary (ibrosis (19). 2) The second effect relates to a reduction i the
recruitment of blood-borne cells into the surrounding tissues (40),
Passive immunization with antiannexin | Abs abrogates the inhib-
itory glucocorticoid effect on neutrophil extravasation and leads to
un exacerbation of inflammatory diseases. Annexin | and N-ler-
minal annexin | peptides (position 19-25: EYVQTVK) signifi-
cantly interfere with neotrophil tmnsmigrtion (413, It has been
reported that the annexin | N-terminal peptide can bind 1o the
formyl pepude receptor on neutrophils and prevent transendothe-
lial exteavasation, a finding that supports the antinflanmmatory role
ol annexin 1 Considering thal annexin | may be an codogenous
ligand mediating the enguliment ol apoptotic cells, and that the
silencing of the annexin | peotein by small interfering RNA results
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in defective tethering and engulfment of apoptotic cells. Abs
against annexin | in patients with acute exacerbation of TPF may
block the cell surface-exposed annexin | presented on apoptohic
cell surfaces, leanding to the prevention of the removal of apaptotic
cells. This, in wm. may aceclerate the further gencralion of
autountibodies.

Bax inhibitor | is an angapoptotic protein containing several
i b domains that localizes (o the endoplasmic reticu-
lum (ER). The overexp of Bax inhibitor | provides protec-
tion against apoptosis induced by some stimuli in mammalian
cells, while the Bax inhibitor 1 antisense gene can promote apo-
ptosis of some wmor lines (42). Cells from Bax inhibitor |-defi-
cient mice, including fibroblasts, display selective hypersensitivity
to apoptosis induced by ER siress agents, but not to stimulators of
the mitochondrial or TNF/Fas death receptor apoptosis pathways
(43). Rax inhibitor | appears to block the transmission of death
signals from damaged ER/Golgi o mitochondria. It has been re-
ported that the expressions of caspuses-8, -9, and -3, a5 well us
cylochrume ¢ release from mitochondriu, are increased in the lung
tissues of TPF compared with normal lung parenchyma (44). ER
stress independenily triggers caspase-8 activation, resulting in cy-
tochrome c/caspase-9 activation, Although the role of ER siress in
IPF has not been extensively studied, ER stress such as hypoxin
might play some role in the pathegenesis of the acute exacerbation
of IPF. Further examination of ER stress in acute exacerbation of
IPF is necessary ta clarify this possibility.

After cstablishing autoanlibodies in paticnts with acute exacer-
bation of 1PF, we analyzed whether these Abs recogmize Ags that
ehicit T cell responses. Because the nonspecific recruitment of T
cells may mask disease-related T cell populations. we separated
CD4-positive subsets and analyzed TCR VB genes to reduce the
dilution effect of CD4-negative T cell populations. Previously it
wits reported that the TCR V@ repertaire shows some predominani
oligoclonal T cell exy in BAL ples (rom IPF paticnts
(17). These findings suppon the hypothesis that CD4-positive T
cells in BAL Muid of patients with IPF would be induced by Ags
on APCs, and that T cells in pulmonary lesions might expand by
Ag stimulation in the context of HLA. rather than stimulution by
superantigens. To determine whether oligoclonal CD4-positive
lymphocyle expansions persist over time, we had the opporiunity
to study first BAL or VATS materials and sequentinl BAL sam-
ples. We were able to show some identical TCR Vf rearrange-
ments in the first and second biopsy materials oblained from pa-
tients with acule exacerbation of IPF (cases 1-10). The oligoclonal
expansions of CD4-positive lymphocyies with identical CDRA re-
gions on their TCR VB genes existed over time, suggesting that
continuous inflammation due 1o the same Ag-dnven stimulation by
the recognition of a restricted epitope on the major MHC through
TCR oceurs in the alvenli of patients with acute exacerbation of
tPF. Such immunodominance may be dictated by Ag-processing
mechanisims, by intermolecular competition for MHC binding. and
by the existence of a biased T cell repertoire. Ags that react with
CDd-positive lymphocytes with identical CDR3 vegions on their
TCR VB genes might play some roles in IPF immunology and
might reflect immunological reactions at the site of the alveoli in
patients with geute exacerbation of 1PF,

The hinding groove in HLA-I1 molecules has open ends and
therefore accommudates peptides of varying lengths (12-28 amino
acids) that bind in an extended conformation. TEPITOPE analysis
has been designed to enable the computational wdenulication of
promiscuous and allele-specific HLA-DR ligands (45). Tt was suc-
cessfully used 1o identily THLA-DR ligands derived from iamors
and endogenvus proteins involved in autoimmune diseases (46),
We used TEPITOPE unalysis to investigate promiscuous HLA-DR
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ligands of autoantigens related 1o IPF as defined by the SEREX
approach. The identical CDR3 regions of TCR VB on CD4-posi-
live lymphocytes from the BAL fluid of patients with acute exac-
erbation of IPF were compared with HLA-DR ligands in the same
pasticnts, Nine epitopes (clones 1-1, 1-3,2-1, 31, 3-1.5-1, 52, 7-1,
and B-1) of the CORI regions showed some homology with
HLA-DR ligands in each case. Three clones (1-1, 3<1, and 5-1)
from different IPF paticnts (cases 1. 3, and 5) recognized the same
epitopes (position 18-26) of annexin 1, also included in the
HLA-DR ligand epitopes of the same IPF patients predicied by
TEPITOPE analysis (Table VII). These findings demonsirate the
possibility that these autoantigens might play some immunological
role in the lungs of patients with acute exacerbation of TPF,

The cpitopes (position 18-26) of annexin | that recognized
three clones from three different cases of acute exacerbation of IPF
include @n  Neferminal unmexin | motif  (position  19-25:
EYVQTVK) that has been reported 1o inhibit neutrophil extravas
sution (41). Western blov unulysis of BAL fuid samples detected
the 33-kDa annexin | breakdown product in paticats with acute
exacerbation of 1PF whose BAL diftereminl cell
relatively igh percentages of ncutrophils (Table [ and Fig. 1), but
nol in BAL samples from patients with stable IPF or various other
respirstory diseases (data not shown). Annexin 1 appears to be
cleaved by neutrophil clastase at the N-terminal portion between
Val'® and Ser'” 1o yield the 33-kDa p {47). C ing the
fact that this cleaved N-terminal portion includes an N-terminal
annexin 1 peptide that interferes with neutrophil transmigration.
these cleaved peptides might play some role in the pathogenesis of
acute exacerbation of IPF. It has been reported that among BAL
fluid samples from patients with interstitial lung diseases. some
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samples contained degraded annexin 1, and that the degrad on
annexin | is ussociated with a relatively higher percentage of neu-
tophils in these samples (47). 1t has been reported that the cleavage
ol unnexin 1 in its NH2-terminal region yields a tancated protein
that exhibits catalytic properties distinet from those of the full-
length protein (48). Analysis of CDd-positive responses ol T cells
from BAL samples revealed a CD4-positive T cell responses (o
N-terminal annexin | peptides (position 18=26: QEYVQTVKS) in
BAL samples and found marked proliferative responses in patients
with high titers of anti-annexin | Abs compared with other patients
who were negative for anti-annexin | Abs, This N-terminal an-
nexin | peptide (position 18-26: QEYVQTVKS) might play some
role in the acute cxacerbation of [PF. Although the exact biologic
implications of N-terminal annexin | peptides in the development
of acute exacerbation of IPF awail further siudy, these results de-
fine autcantigens that might participate in the immunopathogenesis
of acute exucerbation of IPE,
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