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The present invention provides methods for diagnosing a
patient with emphysema, COPD of lung injury caused by
tobacco use by detecting the levels of EMAP II 1n a sample.
Disclosed herein are the hypervaniable regions for a rat
monoclonal antibody that binds to a form of EMAP II. This
disclosure also includes a polypeptide sequence included 1n
EMARP II that 1s the target for the binding of the antibody to
its target protein. This epitope serves as the basis for a
humanized antibody that can be used to treat patients that
suller from pathologies that exhibit elevated levels of EMAP
II expression.
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MONOCLONAL ANTIBODY AND ANTIGENS
FOR DIAGNOSING AND TREATING LUNG
DISEASE AND INJURY

PRIORITY CLAIM

[0001] This application 1s a continuation application of
U.S. application Ser. No. 17/198,031, filed Mar. 10, 2021,
which 1s continuation application of U.S. application Ser.
No. 16/561,439, filed Sep. 5, 2019, which 1s a continuation
application of U.S. application Ser. No. 15/787,237, filed
Oct. 18, 2017, now U.S. Pat. No. 10,450,371, granted Oct.
22, 2019, which 1s a divisional application of U.S. applica-
tion Ser. No. 14/124,439, filed Apr. 18, 2014, now aban-
doned, which 1s a U.S. national stage of PCT/US2012/
041722, filed Jun. 8, 2012, which claims the benefit of
priority to U.S. Provisional Application Ser. No. 61/494,720,
filed Jun. 8, 2011, the disclosures of all of which are

expressly incorporated herein by reference in their entirety.

STATEMENT OF GOVERNMENT RIGHTS

[0002] This invention was made with government support
under HLO90950 awarded by the National Institutes of

Health. The government has certain rights 1n the mnvention.

REFERENCE TO A SEQUENCE LISTING
SUBMITTED VIA EFS-WEB

[0003] The content of the ASCII text file of the sequence
listing named *144578-00302_Sequence_Listing. TX'T”
which 1s 11.3 kb 1n size was created on Mar. 2, 2021, and
clectronically submitted via EFS-Web herewith the applica-
tion 1s incorporated herein by reference in 1ts entirety.

FIELD

[0004] The present invention 1s directed generally to
method for diagnosing and treating a patient with emphy-
sema or chronic obstructive pulmonary disease (COPD), and
more particularly to methods for diagnosing and treating a
patient with emphysema or COPD by detecting the presence
of endothelial monocyte activating protein II (EMAP II) and
neutralizing EMAP 11 action.

BACKGROUND

[0005] Over 3.1 million Americans have been diagnosed
with emphysema. Emphysema and chronic bronchitis are
the two components of the syndrome of COPD. COPD 1s the
fourth leading cause of death in America (See www.nhlbi.
nih.gov/health/public/lung/other/copd_fact.htm#toc). This
disease has no effective treatment that reverses its course or
halts i1ts progression.

[0006] Pulmonary emphysema is a prevalent fatal disease,
characterized by loss of both matrix and cellular elements of
the lung, thus impairing gas exchange between the alveolar
space and the capi1l1 Ary blood. Emphysema 1s defined as “a
condition of the lung characterized by abnormal, permanent
enlargement of airspaces distal to the terminal bronchiole,
accompanied by destruction of their walls, with or without
obvious {fibrosis”. Report of a National Heart, Lung, and
Blood Institute, Division of Lung Diseases workshop, Am
Rev Respir Dis 132, 182-185. (1985). The concepts of

permanent and destruction are critical 1n this definition as
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they convey the unique and characteristic distinguishing
features of a disease process ultimately leading to the
disappearance of lung tissue.

[0007] Although the environmental inducers in suscep-
tible individuals have been identified, the mechanisms by
which these 1nitiate a loss of alveoli leading to emphysema
are poorly understood. Over the past decades, inflammation
and a protease/antiprotease 1imbalance have been proposed
to act as downstream ellectors of the lung destruction
following chronic cigarette smoking, which accounts for
most cases ol emphysema. Pro-inflammatory stimuli are
postulated to recruit and activate lung inflammatory cells,
triggering matrix protease release and lung remodeling.
Shapiro, S. D., J Clin Invest 106, 1309-1310 (2000). How-
ever, these models fail to fully account for the mechanisms
behind the eradication of septal structures and the unique
nature of lung destruction as compared to alterations seen in
other inflammatory lung diseases. To account for the per-
manent destruction seen 1n emphysema, excessive apoptosis
of structural alveolar cells have emerged as a second major
mechanism of emphysema. Excessive alveolar endothelial
apoptosis 1s thought to cause capillAry regression, with
subsequent loss of alveolar wall. Tuder, R. M. et al., Am J
Respir Cell Mol Biol 28, 351-554 (2003). However, the
coexistence ol an excessive lung structural cell apoptosis
with that of an activated inflammatory state 1n emphysema
and the hierarchy of these two mechamisms have not yet
been explained.

[0008] As can be seen, there 1s a need for a method for
treating pulmonary emphysema. There 1s also a need for a
method for diagnosing pulmonary emphysema 1n the early
stages. Harly diagnosis and subsequent treatment may result
in more eflective treatment of the disease and a better
prognosis for the patient.

SUMMARY

[0009] In one aspect of the present invention there 1is
provided a method of diagnosing a patient for emphysema or
COPD comprising detecting the overexpression of EMAP 11
in a patient’s biological sample where the sample may be
serum, plasma, lung lavage or lung biopsy. The EMAP II
may be detected by immunological methods such as
enzyme-linked immunosorbent assay (ELISA), sandwich
ELISA, Western blot, or mass spectrometry, for example.
The overexpression of EMAP II may be determined by
comparing to a control sample.

[0010] In another aspect of the present invention there 1s
provided a method of predicting a patient’s susceptibility of
developing emphysema or COPD by detecting the presence
of EMAP II 1n a patient’s sample.

[0011] In a further aspect of the present invention there 1s
provided a method for treating a patient having emphysema
or COPD comprising administering a therapeutically effec-
tive amount ol an EMAP II neutralizing compound. The
EMAP II neutralizing compound may be an antibody, an
agonist of the CXCR3 receptor, an siRNA or antisense RNA.
The EMAP II neutralizing compound may be administered
systemically or by inhalation.

[0012] Aspects of the invention include antibodies, either
humanized or not-humanized, comprising: a heavy chain
variable region, wherein said heavy chain variable region
includes at least a portion of a first polypeptide according to
SEQ. ID. NO. 2; and a light chain variable region, wherein
said light chain variable region includes at least a portion of
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a second polypeptide according to SEQ. ID. NO. 3, wherein
the antibodies bind to at least one form of EMAP II. In some
embodiments the first polypeptide has at least 99 percent
homology to SEQ. ID. NO. 2, and said second polypeptide
has at least 99 percent homology to SEQ. ID. NO. 3. In other
embodiments, the first polypeptide has at least 95 percent
identity to SEQ. ID. NO. 2, and said second polypeptide has
at least 95 percent identity to SEQ. ID. NO. 3. In other
embodiments the first polypeptide has at least 99 percent
identity to SEQ. ID. NO. 2, and said second polypeptide has
at least 99 percent identity to SEQ. ID. NO. 3. And i still
other embodiments, the first polyPeptide 1s SEQ. ID. NO. 2,
and said second polyPeptide 1s SEQ. ID. NO. 3. In some
embodiments the antibodies bind to at least the pro form of
EMAP II (pro-EMAP 1II), and 1n some embodiments the
antibodies bind to EMAP II found in humans and/or 1n mice
and/or 1n other mammals.

[0013] Some aspects of the mvention include antibodies,
comprising: a heavy chain, wheremn said heavy chain

includes the heavy chain hypervariable regions CDRI,
CDR2 and CDR3, wherein CDRI1 includes at least a portion

of the polypeptide according to SEQ. ID. NO. 5, CDR2
includes at least a portion of the polypeptide accordmg to
SEQ. ID. NO. 6, and CDR3 includes at least a portion of the
polypeptide accordlng to SEQ. ID. NO. 7; and a light chain,
wherein said light chain includes the hght chain hypervari-
able regions CDR1,, CDR2,, and CDR3,, wherein CDR1,
includes at least a portion of the polypeptide according to
SEQ. ID. NO. 8, CDR2, includes at least a portion of the
polypeptide accordmg to SEQ. ID. NO. 9 and CDR3,
includes at least a portion of the polypeptide according to
SEQ. ID. NO. 10, wherein the heavy chain and the light
chain form a portion of a humanized antibody, that binds to
human EMAP II. In some embodiments, CDR1 1s SEQ. ID.
NO. 5, CDR2 1s SEQ. ID. NO. 6, and CDR3 1s SEQ. ID. NO.
7; and CDR1; 1s SEQ. ID. NO. 8, CDR2; 1s SEQ. ID. NO.
9, and CDR3, 1s SEQ. ID. NO. 10. In some embodiments the
antibodies bind to at least the pro form of EMAP II (pro-
EMAP II), and 1n some embodiments the antibodies bind to
EMAP II found in humans and/or in mice and/or 1n other
mammals. In some embodiments the antibodies are human-
1zed.

[0014] Some aspects of the imnvention include epitopes, or
other antigenic portions of EMAP II, that give rise to
antibodies that bind to at least one form of mammalian
EMAP 1II, comprising: an epitope of human EMAP II,
wherein the epitope includes at least a portion of an 1solated
polypeptide according to SEQ. ID. NO. 12. In some embodi-
ments, the 1solated polypeptide has at least 95 percent
homology to SEQ. ID. NO. 12. In still other embodiments,
the 1solated polypeptide has at least 99 percent homology to
SEQ. ID. NO. 12. In yet other embodiments, the i1solated
polypeptide has at least 95 percent 1dentity to SEQ. ID. NO.
12, while 1n some embodiments, the 1solated polypeptide has
at least 99 percent 1dentity to SEQ. ID. NO. 12. In some
embodiments, the 1solated polyPeptide 1s SEQ. ID. NO. 12.

SEQ. ID. NO. 1
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In some embodiments, the 1solated polypeptide has at least
95 percent i1dentity to SEQ. ID. NO. 11. In still other
embodiments, the 1solated polypeptide has at least 99 per-
cent identity to SEQ. ID. NO. 11. In some embodiments, the
isolated polyPeptide 1s SEQ. ID. NO. 11. Some embodi-
ments include these epitopes, or portions thereot, attached to
at least one other polypeptide. Such co-joined polypeptides
may not be naturally occurring, at least not 1n the organism
that 1s expressing the polypeptide.

[0015] Some aspects of the invention include methods for
making antibodies that bind to at least one form EMAP II
found 1n either humans or 1n other mammals, these methods
may comprise the steps of: producing a synthetic polypep-
tide wherein at least one portion of the synthetic polyPeptide
includes at least a portion of the polypeptide according to
SEQ. ID. NO. 12. In some embodiments, the at least one
portion of the synthetic polypeptide has at least 95 percent
homology to SEQ. ID. NO. 12. In still other embodiments,
that at least one portion of the synthetic polypeptide has at
least 99 percent homology to SEQ. ID. NO. 12. In yet other
embodiments, that at least one portion of the synthetic
polypeptide has at least 95 percent 1identity to SEQ. ID. NO.
12. In some embodiments, the at least one portion of the
synthetic polypeptide has at least 99 percent 1dentity to SEQ.
ID. NO. 12. In still other embodiments, the at least one
portion of the synthetic polyPeptide 1s SEQ. ID. NO. 12. In
some embodiments, the at least one portion of the synthetic
polypeptide has at least 95 percent homology to SEQ. ID.
NO. 11. In other embodiments, the at least one portion of the
synthetic polypeptide has at least 99 percent homology to
SEQ. ID. NO. 11. In still other embodiments, the at least one
portion of the synthetic polypeptide has at least 95 percent
identity to SEQ. ID. NO. 11. In yet other embodiments, the
at least one portion of the synthetic polypeptide has at least
99 percent 1dentity to SEQ. ID. NO. 11. In some embodi-
ments, at least one portion of the synthetic polyPeptide 1s
SEQ. ID. NO. 11. The inventive methods may include the
step of contacting a synthetic polypeptide that includes at
least one portion of at least one epitope of EMAP II
disclosed herein with the immune system of a mammal.
Some methods may include the further step of selecting a
B-cell from said mammal contacted with said synthetic
polypeptide, wherein said B-cell produces antibody that
binds with high athnmity to EMAP II. And 1n some embodi-
ments, the antibodies raised to the epitopes disclose herein
are humanized. In some embodiments, the humanized anti-
bodies are used to treat a lung related disease or mnjury in
humans and/or other mammals, or to diagnose such condi-
tions 1n humans and/or other animals.

[0016] These and other features, aspects and advantages of
the present invention will become better understood with
reference to the following drawings, description and claims.

SEQUENCE LISTING

10017]

GCGGTGCACCTTGTTGAGTCTGGTGGAGGATTTG Nucleotide sequence

TGCAGCCTACGGAGTCATTGARAATCTCATGTGC of the IgG heavy chain
AGCCTCTGGATTCACCTTCAGTGATGCTGCCATG from rat antibody
TACTGGGTCCGCCAGGCTCCAGGAAAGGGTCTGG hybridoma clone M7/1.
AATGGGETTGCTCGCATAAGAACTAAACCTAATAL
TTATGCAACATATTATGCTGATT CAGTGAAAGGC

AGATTCACCATCTCCCGAGATGATTCAAALAAGCA
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SEQ.

SEQ.

SEQ.

SEQ.

SEQ.

SEQ.

SEQ.

SEQ.

SEQ.

SEQ.

SEQ.

SEQ.

ID. NO.
ID. NO.
ID. NO.
ID. NO.
ID. NO.
ID. NO.
ID. NO.
ID. NO.
ID. NO.
ID. NO.
ID. NO.
ID. NO.

2

3

4

10

11

12

13

-continued

GTGTCTACCTACAAATGGATAACTTGAAAACTGA
GGACACAGCCATGTATTACTGTACATCATGGAGC
TACGACTTTGAT TACTGGGGCCAAGGAGTCATGG
TCACAGTCTCCTCA

AVHILVESGGGEFVOQPTESLKISCAASGETESDAAM
YWVROAPGKGLEWVARIRTKPNNYATYYADSVEKG
RETISRDDSKSMVYLOMDNLKTEDTAMYYCTSWS
YDEDYWGOQGVMVTVSS

DIVMTQGALPNPVPSGESASITCOQSSKSLLHSSG
KTYLNWYLORPGOQSPHLLIYWMSTRASGVSDRLS
GSGSGTDEFTLKISSVEAEDVGVYYCQOQFLEYPLT
FGSGTKLEIK

GATATTGTGATGACCCAGGGTGCACTCCCCAACC
CTGTCCCCTCTGGAGAGTCAGCTTCCATCACCTG
CCAGTCTAGTAAGAGT CTGCTGCACAGCAGTGGC
AAGACATACTTGAATTGGTATCTGCAGAGGCCAG
GACAGTCTCCTCATCTCCTGATCTATTGGATGETC
CACCCGTGCATCAGGAGTCTCAGACAGGCTCAGT
GGCAGTGGGT CAGGAACAGATTTCACACTGAARADL
ATCGCAGCOGTGEAGGCTGAGGATGTGLETGTGTA
TTACTGTCAGCAATTTCTAGAGTATCCTCTCACG
TTCGGTTCTGGGACCAAGCTGGAGATCAAAC

GFTEFSDAA

IRTKPNNYAT

TSWSYDFEDY

KSLLHSSGKTY

WMS

QOFLEYPLT

QOSIAGSADSKPIDVSRLDLRIGCIITARKHPDA
DSLYVEEVDVGEIAPRTVVSGLVNHVPLEQMONR
M

QOSIAGSADSKPIDVSR

KHPDADSLYVEEVDVGE

Polypeptide sequence
of the IgG heavy chain
from rat antibody
hybridoma clone M7/1.

Polypeptide sequence
of the IgG light chain
from rat antibody
hybridoma clone M7/1.

Nucleotide sequence

of the IgG light chain
from rat antibody
hybridoma clone M7/1.

Polypeptide CDRL1
from IgG heavy chain

of rat antibody
hybridoma clone M7/1.

Polypeptide CDR2
from IgG heavy chain
of rat antibody
hybridoma clone M7/1.

Polypeptide CDR3
from IgG heavy chain
of rat antibody
hybridoma clone M7/1.

Polypeptide CDR1
from IgG light chain

of rat antibody
hybridoma clone M7/1.

Polypeptide CDR2
from IgG light chain

of rat antibody
hybridoma clone M7/1.

Polypeptide CDR3
from IgG light chain
of rat antibody
hybridoma clone M7/1.

Polypeptide sequence
identified in human
EMAP II as the portion
of the protein that 1is
protected from trypsin
digestion by the
binding of rat antibody
hybridoma clone M7/1.

Polypeptide sequence
from human EMAP IIT

that interacts with rat
antibody hybridoma
clone M7/1.

Polypeptide sequence
from human EMAP II

that does not appear to
interact strongly with
rat antibody hybridoma
clone M7/1.

Jul. 6, 2023
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-continued

SEQ. ID. NO. 14 VLKRLEQKGAEADQIIE

Jul. 6, 2023

Random, synthetic

polypeptide sequence

that does not interact

with rat antibody
hybridoma clone M7/1.

SEQ. ID. NO. 15 MLPAVAVSEPVVLRFMIFCR11AKMANNDAVLKR
LEQKGAEADQIIEYLKOQOVSLLKEKATILOQATLRE
EKKLRVENAKLKKEIEELKOQELIQAEIQNGVKQI
PEFPSGTPLHANSMVSENVIQSTAVTTVSSGTKEQ
IKGGTGDEKKAKEKIEKKGEKKEKKQOS IAGSAD
SKPIDVSRLDLRIGCIITARKHPDADSLYVEEVD
VGEIAPRTVVSGLVNHVPLEQMONRMVI11CNLK
PAKMRGVLSQAMVMCASSPEKIEILAPPNGSVPG
DRITEDAFPGEPDKELNPKKKIWEQIQPDLHTND
ECVATYKGVPFEVKGKGVCRAQTMSNSGIK

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1. A bar graph illustrating an increase 1n
secreted EMAP II expression in humans in the broncho-

alveolar lavage (BAL) of smokers compared to non-smok-
ers

[0019] FIG. 2A. A bar graph showing the eflect of ciga-
rette smoke (CS) exposure on the activity levels of caspase-3

in mouse lungs.

[0020] FIG.2B. Abar graph showing the effect of cigarette
smoke on the levels of pro-apoptotic ceramide levels 1n
mouse lungs.

[0021] FIG. 2C. A bar graph of the alveolar size in mice
exposed to cigarette smoke for 6 months.

[0022] FIG. 3A. A bar graph that 1llustrates the effect of

cigarette smoke exposure on the levels of EMAP II expres-
S1011.

[0023] FIG. 3B. A Western blot showing the kinetics of
EMARP II secretion in BAL from mice exposed to cigarette
smoke (CS) or air (AC).
[0024] FIG. 3C. A Western blot showing VEGF receptor
inhibition with SU5416.

[0025] FIG. 4A. A bar graph and Western blot that 1llus-

trates the eflect of cigarette smoke exposure on EMAP 11
levels 1n lung lysates.

[0026] FIG. 4B. Photomicrographs that show the effect of
cigarette smoke exposure on the amount of inflammatory
cells 1n lung tissue.

[0027] FIG. SA. A Western blot showing the induction of
EMARP II 1n mice after 24 hours of tetracycline treatment.

[0028] FIG. 5B. Photomicrographs of a lung section
showing the alveolar after tetracycline treatment for 3
months.

[0029] FIG. 5C. A bar graph showing the mean linear

intercept of lung tissue of mice treated with tetracycline for
3 months and controls.

[0030] FIG. 5D. Photomicrographs of a lung section
showing the alveolar after tetracycline treatment for 6
months.

[0031] FIG. SE. A bar graph showing the volume weighted
mean volume lung tissue of mice treated with tetracycline
for 6 months and controls.

[0032] FIG. 6A. A graph showing the caspase-3 activity 1in
lung lysates of single or EMAP II double transgenic mice
after 3 months.

Polypeptide sequence
of human EMAP II.

[0033] FIG. 6B. A graph showing caspase-3 activity 1n
lung lysates from single or EMAP II double transgenic mice
after 6 months.

[0034] FIG. 6C. A graph showing caspase-3 activity 1n
lungs of single or EMAP II double transgenic mice treated
with nonspecific control IgG and neutralizing EMAP 11
antibody.

[0035] FIG. 7A. A bar graph showing the number of cells

in the lungs of mice overexpressing EMAP II compared to
a control.

[0036] FIG. 7B. A bar graph showing the quantification
MMP-9- and TNFa-positive cells.

[0037] FIG. 8A. A bar graph showing the effect of EMAP
II overexpression on caspase-3 activity.

[0038] FIG. 8B. A graph showing the eflect of treatment of

lung microvascular endothleial cells with recombinant pro-
teins comprising the pro- and mature 1soforms of EMAP 11
on apoptosis.

[0039] FIG. 8C. A bar graph showing the expression levels
of CXCR3 1n cells cultured with low serum.

[0040] FIG. 8D. A bar graph showing the expression levels

of CXCR3 1n cells treated with acellular BAL from mice
exposed to cigarette smoke (CS) or air (AC).

[0041] FIG. 8E. A bar graph showing the eflect of anti-
CXCR3 antibody on caspase-3 activity.

[0042] FIG. 9. A bar graph showing the effect of CXCR3-
targeting siRNA on CXCR3 expression.

[0043] FIG. 10A. An immunoblot showing the eflect of
cigarette smoke exposure on EMAP II expression in the
mouse lung.

[0044] FIG. 10B. A bar graph showing EMAP II expres-

sion 1n the lung parenchyma of DBA2 mice exposed to
cigarette smoke for 4 weeks.

[0045] FIG. 10C. An immunoblot showing lung EMAP 11

expression 1 a mouse model of apoptosis-dependent
emphysema.

[0046] FIG. 10D. A bar graph showing lung macrophage
accumulation 1 pulmonary parenchyma in response to
cigarette smoke exposure.

[0047] FIG. 10E. A bar graph showing lung apoptosis as
measured by capsase-3 activity assay in lung lysates fol-
lowing cigarette smoke exposure.
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[0048] FIG. 11A. Fluorescent microscope images showing
inhibition of EMAP II-induced apoptosis in endothelial cells
with neutralizing antibody M 7/1 compared to control rat
IgG.

[0049] FIG. 11B. A bar graph showing the ratio of apop-
totic cells to total cells for pro-EMAPII with neutralizing
antibody M 7/1 compared to control rat 1gG.

[0050] FIG. 11C. A bar graph showing the ratio of apop-
totic cells to total cells for mature EMAP 11 with neutralizing,
antibody M 7/1 compared to control rat 1gG.

[0051] FIG. 12A. Graph of EMAP Il (pro and mature
forms) 1 lung lysates from mice exposed to Cigarette
Smoke (CS) for 4 weeks compared with EMAP II levels 1n
the lungs of mice that were not exposed to CS (ambient air
control group, AC); EMAP II levels were assessed by
Western blots (mean densitometry units [DUs] normalized
to vinculin £SEM; *P<0.05 versus control; n=5/group).
[0052] FIG. 12B. Photomicrographs of mouse lung tissue
stained for EMAP II; tissue from mice exposed to CS and
from exposed to ambient air (AC).

[0053] FIG. 12C. Schematic representation of treatment
protocol.
[0054] FIG. 12D. Graph showing apoptosis detected by

caspase-3 activity measured 1n lung lysates (caspase unites
normalized by protein; mean+SEM; *P<0.05, ANOVA).

[0055] FIG. 12E. Graph showing the number of cells 1n
BALF.

[0056] FIG. 12F. Graph showing lung static compliance
(mean+SEM; *P<0.01, ANOVA).

[0057] FIG. 12G. Representative H&E-stained lung sec-
tions (scale bar: 100 um) showing simplification of lung
alveolar structures 1n response to CS but perseved alveolar
architecture when treated with neutralizing EMAP 11,
[0058] FIG. 12H. Morphometric measurement of MLI
(mean+SEM: *P<0.05, ANOVA: n=5-12.

[0059] FIG. 13. Agarose gel showing PCR amplification
products.

[0060]
antibody.

[0061] FIG. 15. Sequence data for the variable regions of
the rat antibody.

[0062] FIG. 16. Scheme of EMAP II protein sequence. A
range, which 1s protected from proteolytic degradation by
binding to M7/1 antibody 1s highlighted.

[0063] FIG. 17. Binding competition of one peptide out of
the protected area which 1s capable of competing with M7/1
antibody. Recombinant pro-EMAPII was submitted to West-
ern blotting using control IgG and EMAP II neutralizing
M’//1 antibody 1n the presence/absence of a 300 fold molar
excess of peptide hexadecamers. Only Peptide 2 (QQ-
SIAGSADSKPIDVSR) but not Peptide 1 (KHPDADSLY-
VEEVDVGE) or Peptide 3 (as a control) was able to
compete with M7/1. Arrows indicate the position ol molecu-
lar weight standards (in rel kDa).

FIG. 14. Summary of results from sequences of rat

DESCRIPTION

[0064] The following detailed description 1s of the best
currently contemplated modes of carrying out the invention.
The description 1s not to be taken 1n a limiting sense, but 1s
made merely for the purpose of illustrating the general
principles of the imvention, since the scope of the invention
1s best defined by the appended claims. As used herein,
unless explicitly stated otherwise or clearly implied other-
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wise, the term ‘about’ refers to a range of values plus or
minus 10 percent, e¢.g. about 1.0 encompasses values from

0.9 to 1.1.

[0065] As used herein, unless explicitly stated otherwise
or clearly implied otherwise, the terms °‘therapeutically
cellective dose,” ‘therapeutically effective amounts,” and the
like, refer to a portion of a compound that has a net positive
cllect on the health and well being of a human or other
ammal. Therapeutic effects may include an improvement 1n
longevity, quality of life and the like, and may also include
a reduced susceptibility to developmg disease or deteriorat-
ing health or well being. The eflects may be immediate
realized after a single dose and/or treatment or they may be
cumulative and realized after a series of doses and/or treat-
ments.

[0066] As used herein, unless explicitly stated otherwise
or clearly implied otherwise, the term ‘homology’ as applied
to polynucleotides refers to 3 nucleic acid long Condons
that, while not i1dentical to one another, encode the same
information when transcribed into proteins. For a further
discussion of this term as it 1s used 1n regards to polynucle-
otides, please see, Elliot and Elliot, Biochemistry and
Molecular Biology, pages 293-295, published 1n 1997 by
Oxford University Press, New York, N.Y., this portion of
which 1s herby incorporated herein by reference in 1its
entirety.

[0067] As used herein, unless explicitly stated otherwise
or clearly implied otherwise, the term ‘homology’ as applied
to polypeptides refers to amino acids commonly found in
living organisms that are considered to be similar to one
another 1n size, structure, and chemical reactivity. For a
further discussion of this term as it 1s used 1n regards to
polypeptides, please see, Stryer, L., Biochemistry, 2% edi-
tion, pages 13-17, copyright 1981, published by W. H.
Freeman and Company, San Francisco, Calif., this portion of
which 1s herby incorporated herein by reference in 1its
entirety.

[0068] Broadly, the present mvention provides methods
for diagnosing or treating a patient with emphysema or
COPD comprising detecting the presence of EMAP Il 1n a
biological sample from a patient or treating with a thera-
peutically eflective amount of an EMAP II neutralizing
compound. The same method may also be used to determine
i a patient 1s susceptible to developing emphysema or
COPD. EMAP Il 1s a cytokine induced by conditions present
in emphysematous lungs including oxidative, apoptotic, and
hypoxic cellular stresses. EMAP 1I 1s released from cells as
either a 43 kD pro-form or a 23 kDa “mature” protein upon
proteolytic cleavage by proteases including caspases and
matrix metalloproteinases (MMPs), which are known to
participate 1n COPD. Given the potent pro-apoptotic eflect
of EMAP II on lung endothelial cells, coupled with its ability
to recruit pro-inflammatory monocytes, excessive EMAP 11
release 1n response to cigarette smoking may engage both
lung endothelial cell apoptosis and accumulation of lung
macrophages, and therefore may be a key molecular media-
tor of pulmonary emphysema. It has now been discovered by
the inventors that smoke-induced emphysema is preceded by
robust EMAP II production and apoptosis in mice and that
lung-specific increases in EMAP 11 are suflicient to cause
lung apoptosis and emphysema. Moreover, increased levels
of EMAP II have now been measured in the lungs of
emphysema patients and EMAP II has been found to be

robustly upregulated 1n the BAL of smokers (FIG. 1).
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Theretore, EMAP II may be a biomarker for emphysema and
COPD, allowing for earlier detection and treatment of these
conditions.

[0069] In one embodiment a method 1s provided for diag-
nosing whether or not a patient has emphysema or COPD
where the method may comprise the step of detecting EMAP
IT 1n a biological sample from a patient. It has been found
that expression of EMAP 11 1s significantly elevated by at
least 2-fold 1n samples from patients who have emphysema
or COPD. The method may further comprise comparing the
EMARP II detected 1n the patient’s sample with a control and
diagnosing the patient as either having emphysema or
COPD. The control may be a sample from a patient who
does not have emphysema or COPD and, more specifically,
from a patient who does not smoke. Control levels of EMAP
II may be defined by a number of samples from control
patients wherein the expression levels of EMAP II. It will be
appreciated that the more control samples available, the
better the comparison. The comparison may be a visual
comparison observing elevated EMAP II levels or the
amount of EMAP II in the sample and/or control may be
quantified and then compared.

[0070] In one embodiment, the biological sample may be
serum, plasma, BAL, or lung biopsy. Obtaining such
samples 1s routine in the art. The overexpression of EMAP
IT 1n a biological sample may be assessed at the protein or
nucleic acid level. In an illustrative embodiment, immuno-
cytochemistry techniques are provided that utilize antibod-
ies to detect the overexpression EMAP II in biological
samples. In this aspect of the invention, at least one antibody
directed to EMAP II may be used. Overexpression of EMAP
II may also be detected by nucleic acid-based techniques,
including, for example, hybridization and RT-PCR. Kits
comprising reagents for practicing the methods of the inven-
tion are further provided.

[0071] Methods for detecting EMAP 11 may comprise any
methods that determine the quantity or the presence of
EMAP II either at the nucleic acid or protein level. Such
methods are well known 1n the art and include but are not
limited to Western blots, northern blots, southermn blots,
ELISA, mmmunoprecipitation, immunofluorescence, tlow
cytometry, immunocytochemistry, nucleic acid hybridiza-
tion techniques, nucleic acid reverse transcription methods,
and nucleic acid amplification methods. In illustrative
embodiments, overexpression of EMAP II may be detected
on a protein level using, for example, antibodies that are
directed against specific biomarker proteins. The antibodies
may be, but are not limited to, polyclonal and monoclonal
antibodies. Examples of monoclonal antibodies are provided
herein as well as 1n U.S. Pat. No. 5,641.867, which 1s
incorporated by reference herein. These antibodies can be
used 1n various methods such as Western blot, ELISA,
immunoprecipitation, or immunocytochemistry techniques.

[0072] In one embodiment, EMAP II overexpression may
be determined on the protein level. Antibodies specific for
EMAP II may be utilized to detect the overexpression of a
biomarker protein 1n a body sample. The method comprises

obtaining a body sample from a patient, contacting the body
sample with at least one antibody directed to EMAP 11, and
detecting antibody binding to determine 1f EMAP II is
overexpressed in the patient sample. Overexpression of
EMAP II may be determined by comparing the results to a
control sample.
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[0073] In an alternate embodiment, EMAP II overexpres-
sion may be detected at the nucleic acid level. Nucleic
acid-based techniques for assessing expression are well
known 1n the art and include, for example, determiming the
level of biomarker mRNA 1n a body sample. Many expres-
sion detection methods use 1solated RNA. Any RNA i1sola-
tion technique that does not select against the 1solation of
mRNA can be utilized for the purification of RNA from
cervical cells (see, e.g., Ausubel et al., ed., Current Protocols
in Molecular Biology, John Wiley & Sons, New York,
1987-1999). Additionally, large numbers of tissue samples
can readily be processed using techniques well known to
those of skill in the art, such as, for example, the single-step
RINA 1solation process of U.S. Pat. No. 4,843,155, which 1s

incorporated by reference herein.

[0074] Isolated mRNA may be used in hybridization or

amplification assays that include, but are not limited to,
Southern or Northern analyses, polymerase chain reaction
analyses and probe arrays. One method for the detection of
mRNA levels involves contacting the 1solated mRNA with a
nucleic acid molecule (probe) that can hybridize to the
mRNA encoded by the gene being detected. The nucleic acid
probe may be, for example, a full-length cDNA, or a portion
thereof, such as an oligonucleotide of at least 7, 135, 30, 50,
100, 250 or 500 nucleotides in length and suflicient to
specifically hybridize under stringent conditions to an
mRNA or genomic DNA encoding a biomarker of the
present invention. The polynucleotide sequence of EMAP 11
1s known 1n the art (i1.e., U.S. Pat. No. 6,013,483, which 1s
incorporated by reference herein), and nucleic acid probes
may be selected without undue experimentation. Hybridiza-
tion of an mRNA with the probe indicates that the biomarker
in question 1s being expressed.

[0075] In another embodiment, methods are provided for
determining a patient’s susceptibility to developing emphy-
sema or COPD. Although no symptoms may be present,
those who smoke or were habitual smokers 1n the past have
a significantly higher risk of developing emphysema than
those who never smoked. Therefore, 1t may be desirable to
determine the susceptibility of a patient who 1s a smoker to
develop emphysema. Farly detection may lead to a better
treatment regime. The method may comprise the step of
detecting EMAP II in a patient’s sample as described above.
The method may further comprise comparing the EMAP 11
in the patient’s sample with a control as described above.

[0076] In yet another embodiment, kits for practicing the
methods of the present invention are further provided. The
kit may comprise at least one reagent (e.g., an antibody, a
nucleic acid probe, etc.) for specifically detecting the expres-
sion of EMAP II. The kits may also comprise positive and/or
negative controls to validate the activity and correct usage of
reagents emploved 1n accordance with the ivention. Con-
trols may include biological samples, such as lung tissue or
lung lavage samples from control patients (negative con-
trol). EMAP II may be added to the control samples to
provide positive controls.

[0077] In a further embodiment, methods are provided for
treating a patient having emphysema or COPD comprising
the step of administering a therapeutically effective amount
of at least one EMAP II neutralizing compound. The neu-
tralizing compound may be any compound or molecule that
decreases or inhibits the activity or action of EMAP II 1n the
patient. In one embodiment the neutralizing compound may
be an anti-EMAP II antibody where the antibody may be a
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polyclonal or monoclonal antibody, antibody fragments,
humanized or chimeric antibodies that retain the combining,
region that specifically binds to EMAPII.

[0078] In an alternate embodiment, the neutralizing com-
pound may be an agonist of the CXCR3 receptor. The
agonist may be a peptide, peptidomimetic or any other
compound that disrupts the interaction between EMAP II
and the CXCR3 receptor. In an 1llustrative embodiment, the
neutralizing compound 1s an EMAP II analog. Interruption

of the binding of EMAP II to CXCR3 may interiere with the
detrimental action of EMAP II in lung tissue.

[0079] In yet another embodiment, the neutralizing com-
pound may be a compound or molecule that decreases the
expression of EMAP II. Non-limiting examples may be
s1IRINNA or antisense RNA targeted to EMAP II RNA or DNA.
Alternatively, the neutralizing compound may be a com-
pound or molecule such as, but not limited to, siRNA or
antisense RNA, that interferes and decreases the expression
of CXCR3. As shown i FIG. 9, when human lung micro-
vascular ndothelial cells were electroporated 1n the presence
of CXCR3-targeting siRNA, CXCR3 expression levels
showed reductions of about 60% to about 80%. As the
nucleotide sequences are known for both EMAP II and
CXCR3, one skilled 1n the art would be able to select sSiRNA
and/or antisense RNA sequences for EMAP II and/or
CXCR3 without undue experimentation. Examples of com-

pounds and compositions for modulating the expression of
EMAP II are disclosed 1n U.S. Patent Application Publica-

tion No. 2004/0110114 and U.S. Pat. No. 5,665,593, both of
which are expressly incorporated by reference herein.

[0080] In one embodiment, protocols for the administra-
tion of the EMAP II neutralizing compounds are similar to
the protocols for the administration of any other agent
typically administered for a lung disorder. As a general
guideline, protocols developed for the administration of any
agent for the treatment of lung disease form a starting point
for the administration of the EMAP II neutralizing com-
pounds of the present invention. Thus, the EMAP II neu-
tralizing compounds and compositions are administered via
an inhalant or any other mechanism by which a disorder
such as asthma 1s treated. In one embodiment of the inven-
tion, the active compounds or pharmaceutical formulations
of the mvention are administered directly to the lungs of the
subject by any suitable means, but are preferably adminis-
tered by administering an aerosol suspension of respirable
particles comprised of the active compound, which the
subject inhales. The active compound can be aerosolized 1n
a variety of forms, such as, but not limited to, dry powder
inhalants, metered dose inhalants, or liquid/liquid suspen-
sions. The respirable particles may be liquid or solid. Alter-
natively, EMAP II neutralizing compounds may be admin-
istered systemically, either intravenously or through other
means known 1n the art.

[0081] Any of the protocols, formulations, routes of
administration and the like that have previously been used 1n
the treatment of lung disorders may readily be modified for
use 1n the present mvention. In some cases, mechanical
ventilation 1s appropriate. Such ventilation may include
high-frequency oscillAtory ventilation (HFOV) or other
unconventional forms of mechanical ventilation. Theoreti-
cally, partial liquid ventilation (PLV) oflers the advantage of
lung lavage combined with ventilator support.

[0082] In another embodiment, the dosages are deter-
mined using an animal model, such as the EMAP II double
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transgenic models known to those of skill in the art, and
modified and adapted to use 1n higher mammals. The total
dose of therapeutic agent 1s administered 1n multiple doses
or in a single dose. In certain embodiments, the composi-
tions are administered alone, and in other embodiments the
compositions are administered in conjunction with other
therapeutics directed to the disease or directed to other
symptoms thereol.

[0083] Regardless of the route of administration of the
active compounds or formulations of the invention, the
therapeutically eflective dosage of any one active com-
pound, the use of which 1s 1n the scope of present invention,
will vary somewhat from compound to compound, and
patient to patient, and will depend upon factors such as the
age, weight and condition of the patient, and the route of
delivery. Such dosages can be determined in accordance
with routine pharmacological procedures known to those
skilled 1n the art. In one exemplary embodiment, a dosage
from about 0.1 to about 50 mg/kg will have therapeutic
ellicacy, with all weights being calculated based upon the
weight of the active compound. Toxicity concerns at the
higher level may restrict intravenous dosages to a lower
level such as up to about 10 mg/kg. A dosage from about 10
mg/kg to about 50 mg/kg may be employed for oral admin-
istration. Typically, a dosage from about 0.5 mg/kg to 5
mg/kg may be employed for intramuscular injection. Pre-
ferred dosages are 1 umol’kg to 50 umol’kg, and more
preferably 22 umol/kg and 33 umol/kg of the compound for
intravenous or oral administration.

[0084] In another exemplary embodiment, dosages of the
compounds of the present invention, for antisense oligo-
nucleotides the dosage 1s preferably one which produces
intracellular concentrations of the oligonucleotide of from
0.05 to 50 uM. Typically the dosage to a human will be from
about 0.01, 0.1 or 1 mg/Kg up to 50, 100, or 150 mg/Kg. In
an additional example, for antibodies the dosage 1s typically
0.01, 0.05 or 0.1 mg/Kg up to 20, 40 or 60 mg/Kg.

[0085] When administration of the active compounds or
pharmaceutical formulations 1s via inhalation, the dosage of
active compound will also vary depending on the condition
being treated and the state of the subject, but generally may
be an amount suflicient to achieve dissolved concentrations
of active compound on the airway surfaces of the subject of

from about 10-" to about 10-'Moles/liter, and more prefer-
ably from about 10-° to about 10-* Moles/liter.

[0086] Methods of formulating antibodies, peptides or
other compounds for therapeutic administration are known
to those of skill 1n the art. Methods of formulating siRNA or
antisense RNA are also known 1n the art. Administration of
these compositions according to the present invention will
be via any common route so long as the target tissue 1s
available via that route. Most commonly, these compositions
are formulated for oral administration, such as by an inhal-
ant. However, other conventional routes ol administration
(e.g., by subcutaneous, intravenous, intradermal, mtramus-
clar, intramammary, intraperitoneal, intrathecal, intraocular,
retrobulbar, intrapulmonary (e.g., term release), aerosol,
sublingual, nasal, anal, vaginal, or transdermal delivery, or
by surgical implantation at a particular site) are also used,
particularly when oral administration 1s problematic. The
treatment may consist of a single dose or a plurality of doses
over a period of time.

[0087] It will be appreciated by those skilled in the art that
the compounds of the present invention can be employed in
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a wide variety of pharmaceutical forms; the compound can
be employed neat or admixed with a pharmaceutically
acceptable carrier or other excipients or additives. Generally
speaking, the compound will be administered orally or
intravenously. It will be appreciated that therapeutically
acceptable salts of the compounds of the present invention
may also be employed. The selection of dosage, rate/ire-
quency and means of administration 1s well within the skall
of the artisan and may be left to the judgment of the treating
physician. The method of the present invention may be
employed alone or in conmjunction with other therapeutic
regimens.

[0088] Upon formulation, solutions will be administered
in a manner compatible with the dosage formulation and 1n
such amount as 1s therapeutically effective. The formulations
are easily administered 1n a variety of dosage forms such as
inhalents, injectable solutions, drug release capsules and the
like. For parenteral administration 1n an aqueous solution,
for example, the solution 1s suitably buflered 1f necessary
and the liquid diluent first rendered 1sotonic with suthicient
saline or glucose. These particular aqueous solutions are
especially suitable for intravenous, intramuscular, subcuta-
neous and intraperitoneal administration.

[0089] The frequency of dosing will depend on the phar-
macokinetic parameters ol the agents and the routes of
administration. The optimal pharmaceutical formulation will
be determined by one of skill in the art depending on the
route of admimstration and the desired dosage. Such for-
mulations may influence the physical state, stability, rate of
in vivo release and rate of 1n vivo clearance of the admin-
istered agents. Depending on the route of administration, a
suitable dose 1s calculated according to body weight, body
surface areas or organ size. The availability of animal
models 1s particularly usetul in facilitating a determination
of appropriate dosages of a given therapeutic. Further refine-
ment of the calculations necessary to determine the appro-
priate treatment dose 1s routinely made by those of ordinary
skill 1n the art without undue experimentation, especially 1n
light of the dosage information and assays disclosed herein
as well as the pharmacokinetic data observed in animals or
human clinical trials.

[0090] Typically, appropriate dosages are ascertained
through the use of established assays for determining blood
levels 1in conjunction with relevant dose response data. The
final dosage regimen will be determined by the attending
physician, considering factors which modily the action of
drugs (e.g., the drug’s specific activity, severity of the
damage and the responsiveness of the patient, the age,
condition, bodyweight, sex and diet of the patient, the
severity of any infection, time of administration and other
clinical factors). As studies are conducted, further informa-
tion will emerge regarding appropriate dosage levels and
duration of treatment for specific diseases and conditions.

[0091] In one embodiment of the present invention meth-
ods are provided for monitoring the eflectiveness of treat-
ment of a patient for emphysema and/or COPD and under-
going treatment by determiming the expression levels of
EMAP II. The method may comprise the step of detecting
EMAP II mn a patient’s sample as described above. The
method may further comprise comparing the EMAP 11 in the
patient’s sample with a control as described above. Alter-
natively, the EMAP II expression levels may be compared to
a sample from the same patient before treatment (i.e., from
diagnosis) and/or samples from earlier in the treatment. In an
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illustrative embodiment, a method 1s provided comprising
the steps of diagnosing a patient for emphysema and/or
COPD by determining the expression level of EMAP II,
treating the patient 11 the diagnosis was positive and moni-
toring the eflectiveness of the treatment by determining the
expression level of EMAP II during the treatment.

Example 1

Methods

[0092] Reagents and antibodies. All chemical reagents
were purchased from Sigma-Aldrich (St. Louis, Mo.), unless
otherwise stated. EMAP II antiserum was produced as
recently described (Knies, U. E., Kroger, S., and Clauss, M.
2000. Expression of EMAP II in the developing and adult
mouse. Apoptosis 5:141-151). Other antibodies employed
were of commercial source, including MAC-3 (Becton

Dickinson Biosciences, Franklin Lakes, N.J.), CXCR3
(R&D systems, Minneapolis, Mi1), and MMP-12 (R&D).
[0093] Cells. Human lung microvascular endothelial cells
(HLMVEC) were obtained from Lonza (Allendale, N.J.) and
maintained 1n culture medium consisting of EMB-2, 10%
FBS, 0.4% hydrocortisone, 1.6% hFGFE, 1% VEGE, 1%
IGF-1, 1% ascorbic acid, 1% hEGF, 1% GA-100, and 1%
heparin. All primary cell cultures were maintained at 37° C.
in 5% CO, and 95% air. Experiments were performed up to
passage 10 with cells at 80-100% confluence.

[0094] Monoclonal anti EMAP II antibody. The rat mono-
clonal neutralizing antibody M7 against mouse EMAP I
was developed by immunizing Lewis rats with recombinant
murine pro-EMAP II. Lymphocytes 1solated from the spleen
and lymph nodes of immunized rats were fused with the
mouse myeloma SP2/0, and Clones were selected by testing
hybridoma supernatants in ELISA for binding both pro- and
mature EMAP II. The clones most active in ELISA were
turther characterized by Western blotting and neutralization
of EMAP II-induced endothelial apoptosis 1n tissue culture
experiments (manuscript in preparation). For purification of
MoAbs for mn vivo studies, hybridomas were grown 1in
protein-iree hybridoma medium (GIBCO-BRL) and anti-
bodies were purified with protein G-Sepharose (Pharmacia,
Uppsala, Sweden).

[0095] Animal studies. C57/Bl6 mice were purchased
from Jacksons Lab. A lung-specific inducible EMAP II
transgenic mouse was generated by crossing the EMAP 11
responder mouse with homozygous transgenic mice con-
taining the transactivator controlled by the lung epithelium
specific CCSP. The EMAP II responder transgenic mouse
contained the secreted (mature) form of EMAP II under a
minimal  promoter containing tetracycline-inducible
sequences. Therefore the murine mature EMAP II cloned
from meth mouse tumor cells (Knies, U. E., Behrensdort, H.
A., Matchell, C. A., Deutsch, U., Risau, W., Drexler, H. C.,
and Clauss, M. 1998. Regulation of endothelial monocyte-
activating polyPeptide 11 release by apoptosis. Proc Natl
Acad Sci USA 95:12322-123277) and fused to a signal peptide
derived from INFb was inserted into the tet-repeat contain-
ing plasmid pUD10-3 by using Sac II and Xho I insertion
sites. The resulting plasmid was injected nto oocytes for
implantation into foster mice and a transgenic line was
established. After crossing of the resulting responder mice
with the rtTA transactivator mice, the first generation of
mice heterozygous for the EMAP II responder transgene
were compared to the CCSP transactivator with CCSP
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transactivator-only transgenic mice. Of note, only the
EMAP II/CCSP transactivator but not the CCSP transacti-
vator-only transgene can induce EMAP II expression. With
this design, CCSP transactivator background eflects and
tetracycline effects can be ruled out, as both groups can be
treated with 20 tetracycline. Transgenic mice were bred 1n an
AAALAC accredited animal facility. Double transgenic
EMAP II/CCSP-rtTA and single transgenic CCSP-rtTA mice
were maintained on regular water until 3 to 4 month of age.
Thereatter, the mice were placed on doxycycline treatment
for up to 6 months. At the end of experiments, the mice were

cuthanized and the tissue was processed as described (Petra-
che, I., Natarajan, V., Zhen, L., Medler, T. R., Richter, A. T.,

Cho, C., Hubbard, W. C., Berdyshev, E. V., and Tuder, R. M.
2005. Ceramide upregulation causes pulmonary cell apop-
tosis and emphysema-like disease in mice. Nat Med 11:491 -
498). In addition, mice underwent BAL with 0.6 ml of PBS
thrice. BAL cells were sedimented via centrifugation and the
acellular tluid was then snap-frozen 1n liquid nitrogen and
stored at —80° C. for further analysis.

[0096] Cigarette smoke exposure. Cigarette smoke expo-
sure was performed as previously described (Cavarra, E.,
Bartalesi, B., Lucattelli, M., Fineschi, S., Lunghi, B., Gam-
bell1, F., Ortiz,l L.A., Martorana,, P.A., and LungarellA, G.
2001. Effects of cigarette smoke 1n mice with diflerent levels
ol alpha(1)-proteinase inhibitor and sensitivity to oxidants.
Am J Respir Crit Care Med 164:886-890). Mice (C57/B16
mice, female, age 12 weeks; n=5-10 per group) were
exposed to cigarette smoke or ambient air for up to 24
weeks. In a separate experiment, double transgenic EMAP
II/CCSP transactivator or single transgenic CCSP transacti-
vator control littermates, male and female, age 12 weeks;
n=3-10 per group were exposed to cigarette smoke or
ambient air by a similar protocol as above. Prior to (for the
duration indicated) and during the cigarette smoke exposure,
all transgenic mice received water with doxycycline. In a
separate experiment, mice (DBA2, female, age 12 weeks;
n=3-12 per group) were exposed to cigarette smoke as
described above or ambient air for four months; during the
third month of cigarette smoke exposure, two groups of mice
exposed to cigarette smoke received either EMAP 11 anti-
body by nebulization or 1sotype IgG control, and one group
exposed to ambient air received 1sotype IgG control. The
day following the end of the cigarette smoking schedule 1n
all experiments mice were euthanized and lung processing
was performed as previously described (Petrache, 1., Nat-
arajan, V., Zhen, L., Medler, T. R., Richter, A. T., Cho, C.,
Hubbard, W. C., Berdyshev, E. V., and Tuder, R. M. 2005.
Ceramide upregulation causes pulmonary cell apoptosis and
emphysema-like disease 1n mice. Nat Med 11:491-498).

[0097] VEGTF receptor blockade. VEGF receptor blockade
was performed as previously described (Petrache, 1., Nataraj
an, V., Zhen, L., Medler, T. R., Richter, A. T., Cho, C.,
Hubbard, W. C., Berdyshev, E. V., and Tuder, R. M. 2005.
Ceramide upregulation causes pulmonary cell apoptosis and
emphysema-like disease 1 mice. Nat Med 11:491-498).
Mice (n=4-6/group) were injected with SU5416 (Cal-
biochem; 20 mg/kg, subcutaneously) or vehicle (carboxym-
cthylcellulose) and the mice were euthanized at the indicated
time.

[0098] Morphometric analysis was performed on coded

slides as described, using a macro developed by R. M. T. for
Metamorph (Tuder, R. M., Zhen, L., Cho, C. Y., Tarase-

viciene-Stewart, L., Kasahara, Y., Salvemini, D., Voelkel, N.
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F., and Flores, S. C. 2003. Oxidative stress and apoptosis
interact and cause emphysema due to vascular endothelial
growth factor receptor blockade. Am J Respir Cell Mol Biol
29:88-97: Aherne, W. A., and Dunnmill, M. S. 1982. Mor-

phometry. London: E. Arnold. x1v, 205 pp).

[0099] Human lung tissue. Human lung tissue consisted of
sections from fixed, paraflin embedded explanted lung tissue
from COPD patients and patients without lung disease
(collected at the Johns Hopkins Umversity). The specimen
collection and storage were approved by the Institutional
Research Board from the Johns Hopkins University.

[0100] Apoptosis was detected in lysates (Petrache, 1.,
Nataraj an, V., Zhen, L., Medler, T. R., Richter, A. T., Cho,
C., Hubbard, W. C., Berdyshev, E. V., and Tuder, R. M.
2005. Ceramide upregulation causes pulmonary cell apop-
tosis and emphysema-like disease in mice. Nat Med 11:491 -
498) or inflated fixed lung sections enabling focus on

alveol1, rather than large airways and vessels (Tuder, R. M.,
Zhen, L., Cho, C. Y., Taraseviciene-Stewart, L.., Kasahara,

Y., Salvemini, D., Voelkel, N. F., and Flores, S. C. 2003.
Oxidative stress and apoptosis interact and cause emphy-
sema due to vascular endothelial growth factor receptor
blockade. Am J Respir Cell Mol Biol 29:88-97), via active
caspase-3 IHC (Abcam and Cell Signaling) or in situ label-
ing of apoptotic DNA on murine lung, using rat serum as
negative control. The immunostaining for both active casa-
pase-3 and TUNEL was followed by DAPI (Molecular
Probes) nuclear counter-staining. Executioner caspase
(caspase-3 and/or -7) activity was measured with ApoONE
Homogeneous Caspase-3/7 assay kit (Promega, Madison,
Wis.). Human recombinant caspase-3 (Calbiochem) was
utilized as positive control.

[0101] Lipid extraction and ceramide species measure-
ment by tandem mass spectroscopy. Cellular or lung tissue
lipids were extracted and lipid content was assessed by

measurements of total lipid phosphorus (P1) (Petrache, 1.,
Nataraj an, V., Zhen, L., Medler, T. R., Richter, A. T., Cho,

C., Hubbard, W. C., Berdyshev, E. V., and Tuder, R. M.
2005. Ceramide upregulation causes pulmonary cell apop-
tosis and emphysema-like disease in mice. Nat Med 11:491 -
498). After lipid extraction, the {following 1ndividual
molecular species of ceramides were monitored: 14:0, 16:0,
18:0, 18:1, 20:0, 24:0, and 24:1-ceramides and utilizing C17
ceramide as internal standard, ceramides were measured by

combined liquid chromatography-tandem mass spectroms-
etry (LC-MS/MS).

[0102] IHC. Paraflin sections were blocked with 10%
rabbit (or goat serum 1f secondary antibody from goat) and

incubated with antibodies or control antibodies. Polyclonal
rabbit antiserum included EMAP II (1:500 dilute), capsase-3

(Cell signaling) and anti-MMP-12 (1:100, Sigma). Bound
antibody was detected according to the manufacturer’s
instructions or a biotin-conjugated goat anti-rat IgG second-
ary antibody (Dianova, 1:100) and Streptavidin-coupled
phycoerythrin (Dianova, 1:1000). For some application
(ant1-CD144, Pharmingen) cryosections were used. Sections
were counterstained with DAPI and mounted with Mowiol
488 (Calbiochem). Microscopy was performed on either a
Nicon Eclipse (TE200S) mverted tfluorescent or a combined
confocal/multi-photon  (Spectraphysics laser, BioRad
MRC1024MP) 1inverted system. Images and quantitative
intensity (expression) data were processed by MetaMorph
Imaging software (Universal).
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[0103] Western blotting. Lung tissue was homogenized 1n
RIPA bufler with protease inhibitors on ice and proteins
were 1solated by centrifugation at 10,000 g for 10 minutes at
4° C. BAL supernatants from transgenic mice or patients
were collected and proteins were concentrated and precipi-
tated by addition of trichloroacetic acid. Proteins were
loaded 1n equal amounts (10 mg, unless otherwise noted) as
determined by BCA protein concentration assay (Pierce,
Rockville, Ill.). Total proteins were separated by SDS-PAGE
usmg Novex gels (Invitrogen, Carlsbad, Calit.), followed by
1mmuno 310tt111g for EMAP II as previously described(K-
nies, U. E., Behrensdort, H. A., Mitchell, C. A., Deutsch, U.,

Risau, W., Drexler, H. C., and Clauss, M. 1998. Regulation
of endothelial monocyte-activating polyPeptide 11 release
by apoptosis. Proc Natl Acad Sci USA 95:12322-12327).
Briefly, samples were mixed with Laemmli bufler, boiled at
95° C. for 10 min and loaded onto 15% SDS/PAGE gels.
Proteins were separated by electrophoresis and blotted onto
nitrocellulose (Pierce) using a semidry blotting apparatus.

Unspecific binding was reduced by blocking the membrane
in TBS/0.1% Tween 20/5% nonfat dry milk. The primary

antibody (rabbit anti-EMAP II antiserum SA 2847, diluted
1:1000 1n TBS/0.1% Tween 20/5% BSA) was applied over-
night at 4° C. After washing, the membranes were incubated
in a peroxidase-coupled goat anti-rabbit IgG (Dianova/
Jackson Immuno Research; diluted 1:3500 in blocking bui-
fer) for 1 h at room temperature and developed using an
enhanced chemilluminescence kit (Amersham Pharmacia
Biotech).

[0104] Immunoblotting for EMAP II 1n lung lysates or
BAL was performed by incubation with EMAP II-specific
antibody (rabbit serum, produced as described above) 1n a
1:250 dilution in TBST for 1 h at room temperature. The
chemilluminescent signals were quantified by densitometry
(ImageQuant; Amersham, Piscataway, N.J.) and normalized
by housekeeping proteins (actin, GAPDH, or vinculin).
[0105] Statistical analysis was performed with SigmaStat
software using ANOVA with Student-Newman-Keuls post
hoc test. Statistical diflerence was accepted at p<

Example 2

Effect of Cigarette Smoke Exposure or VEGF
Receptor Inhibition on EMAP H Expression 1n the

Mouse Lung

[0106] To test the hypothesis that smokmg induces cellular
stress causing release of EMAP II, the eflect of smoking on
EMAP II protein production was measured. The extent of
apoptosis mnduced by cigarette smoking in the mouse lung
was also assessed. To more specifically address the corre-
lation between endothelial cell death and EMAP II overpro-
duction, the lung EMAP II expression 1in mice treated with
a VEGF receptor blocker, which induces endothelial cell
apoptosis was tested.

[0107] Mice susceptible to cigarette smoke-induced
emphysema were exposed to cigarette smoke for various
periods of time, from 4 days to 6 months. EMAP II expres-
sion was measured 1n lung lysates by Western blotting and
apoptosis by caspase-3 activity and ceramide production.
Finally, lungs from mice treated with VEGF receptor
blocker SU5416 (20 mg/kg subcutaneously) were tested for
EMARP II expression by Western blotting at 3 weeks, a time
when lungs typically show morphometric changes of
emphysema.
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[0108] Cigarette smoke CS exposure for 4 days increased
caspase-3 activity 1n lungs, and thus increased apoptotic
activity as early as 1 week alter cigarette smoke exposure 1n
C57/B16 mice (FIG. 2A), long preceding the increases 1n
airspaces typical of emphysema that occurred at 6 months of
cigarette smoke exposure (FIG. 2C). At 1 month the lung
content of ceramide increased in DBA 2 mice (FIG. 2B).
These early increases in apoptotic activity were paralleled
by an increase 1n both the pro- and mature forms of EMAP
II expression (FIGS. 3A and 3B). Similarly, 1n another
experimental model of apoptosis-dependent emphysema,
SUS416 induced a robust EMAP 11 expression at 4 weeks 1n
the C57/B16 mouse lung (FIG. 3C).

[0109] These results suggest an increase in apoptotic rates
and EMAP II production 1n the emphysematous lungs of
mice, including those exposed to cigarette smoke. While not
wishing to be bound by theory, the increase in EMAP II may
result from direct cell stress, or from apoptosis-activated
caspases. Furthermore, EMAP II release may itself be
responsible for inducing further lung endothelial cell apop-
tosis.

Example 3

Effect of Elevated Lung EMAP II Levels on the

Severity of Cigarette Smoke-Induced Injury 1n the
Mouse Lung

[0110] To test whether increases n EMAP II have an
additive or a synergistic eflect with cigarette smoking 1n the
lung, EMAP II expression 1n the lungs was mduced for 8
weeks prior to cigarette smoke exposure. The conditional
transgenic overexpression system 1s presented in more detail
in Example 4.

[0111] An increase in baseline EMAP II levels 1n the lung
followed by a 4 week cigarette smoke exposure profoundly
clevated the levels of mature EMAP II and increased the
number of inflammatory cells in the inter-alveolar/interstitial
tissue consistent with a further increase in parenchymal
inflammation compared to smoking alone.

[0112] These results suggest that EMAP II contributes to
cigarette smoke-induced lung mjury and may independently
worsen or predispose the lung to a more severe inflamma-
tory response to smoke.

Example 4

Transgenic Induction of EMAP II 1n the Lung
Causes Emphysema-Like Disease 1n Mice

[0113] To study the mechanism by which increased lung
levels of EMAP II trigger emphysema, a transgenic murine
model of inducible expression of EMAP II in the lung was
established using the tetracycline inducible transactivator
(I'TA) controlled by the lung epithellum-specific CCSP
promoter. Although both EMAP II forms were available as
inducible constructs, the mature EMAP II was 1nitially
assessed since 1t has been classically involved in the apop-
tosis and inflammatory eflects of EMAP II. Furthermore, the
pro-EMAPII 1s usually easily cleaved to generate mature
EMAP II, making it dithicult to assess its specific, mature-
form-independent eflects.

[0114] The transgenic mouse tet EMAP II (responder
mouse) contained the mature form of EMAP II under a
minimal  promoter containing tetracycline-inducible
sequences. This mouse line does not express elevated levels
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of EMAP II because 1t lacks the transactivator gene product.
The responder mouse was crossed with homozygous trans-
genic mice contaimng the transactivator controlled by the
lung epithellum specific CCSP promoter (CCSP mouse
line), which 1n this form targets gene expression predomi-
nately i alveolar type II cells versus 1n Clara cells. Clark,

I. C., et al. Am J Physiol Lung Cell Mol Physiol 280,
L.705-715 (2001); L1, Y., et al. Cancer Res 67, 8494-8503
(2007). The first generation of mice heterozygous for the
EMAP II responder transgene and the CCSP transactivator
with CCSP transactivator-only transgenic mice were com-
pared. Of note, this CCSP transactivator-only transgene
cannot induce EMAP 1I overexpression. With this design,
CCSP transactivator background eflects as described
recently (Sisson, T. H., et al. Am J Respir Cell Mol Biol 34,
552-360 (2006)) and tetracycline effects can be ruled out, as
both groups were treated with tetracycline. Furthermore, the
tetracycline concentration used in this mduction system 1s
insuilicient to ameliorate any inflammation and MMP activi-
ties. Expression was analyzed by Western of BAL and lung
lysates and by IHC of lung sections using EMAP II antise-
rum. To determine whether long term EMAP II over-expres-
sion 1n the lung induces an emphysema-like phenotype,
double transgenic mice with tetracycline in the drinking
water were treated for up to 6 months.

[0115] ‘Transgenic induction of EMAP II caused high
EMAP II secretion into the lungs of double transgenic mice
alter as early as 24 h (FIGS. 3B, 4B and SA). Of note, the
EMAP 1II expression pattern in the lung parenchyma
resembled typical staining pattern for alveolar type II cells,
which 1s 1n line with the reported selectivity for this trans-
genic promoter. EMAP II double transgenic mice treated for
3 or 6 months with tetracycline to induce EMAP II expres-
sion displayed significant emphysema-like increase 1n air-
space (FI1G. 7A). This was measured both by the mean linear
intercept and the recently established method of volume-
welghted mean airspace volume. Morphological parameters
for emphysema appear to increase proportional to the dura-
tion of EMAP II induction, which i1s reflected by morpho-
metry: the volume-weighted mean airspace volume was
1.36E+08+0.15, n=5 1in control mice; 1.56E+08+0.3 1n
EMAP II transgenic mice induced for 3 months; and 1.91E+
08+0.3, n=6, 1n those induced for 6 months; p=0.027)
[0116] Increased EMAP II production in the lungs leads to
formation of emphysema-like morphological changes. This
1s the first evidence that excessive levels of a protein causing
endothelial cell death leads to emphysema.

Example 5

Excessive EMAP II Production 1n the Lung Causes
Pulmonary Cell Apoptosis

[0117] To address the hypothesis that EMAP II over-

production promotes emphysema via endothelial cell apop-
tosis, apoptosis 1n the lungs of EMAP Il-overexpressing,
mice was assessed. To determine the EMAP Il-specificity of
apoptosis, and to test in vivo the eflicacy of an EMAP
II-neutralizing antibody, the anti-EMAP antibody was
administered to a group of EMAP II transgenic animals.

[0118] Fluorescent microscopy with specific active
caspase-3 antibody of lung sections from EMAP II/CCSP
double transgenic (EMAP II tg) or CCSP control transgenic
amimals (ctl) was used to detect the presence and localization
of apoptosis 1 the lung. Anti-VE-cadherin antibody was
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used to test for colocalization of apoptosis with endothelial
cells. In addition, lung lysates were tested for caspase-3
activity by fluorimetric enzymatic assay (Promega). For the
neutralization experiment, EMAP II tg (induced for 48 h
before harvesting the lungs) received anti-EMAP 11 rat
monoclonal antibody or 1sotype IgG control, by a single
injection 1.p., 12h after the induction.

[0119] EMAP II significantly increased the number of
caspase-3 positive cells in the lung parenchyma of EMAP 11
tg versus ctl (-6 fold, p=0.003, by fluorescence quantitation
using Metamorph on blinded slides) as early as 3 weeks after
induction. The increased lung apoptosis persisted after 3
months and 6 months of EMAP II inductions as assessed by
both IHC and caspase-3 activity from lung lysates (FIGS.
6A and 6B). The majority of caspase-3 positive cells were
endothelial cells. There was a trend for decreased apoptosis
in mice recerving neutralizing EMAP II antibody (FIG. 6C).

[0120] It 1s thought that changes by 1n situ detection of
activated caspase-3 were more dramatically significant due
to the higher signal to noise ratio 1n lysates resulting from
having many other non-dying cells other than endothelial
cells. Finally, although not yet statistically significant, the
neutralizing effects of anti-EMAP II antibody are extremely
encouraging in that apoptosis observed 1s EMAP II depen-
dent and that the neutralizing antibody 1s effective i vivo.
Taken together these data support the conclusion that
endothelial cell apoptosis may be a key event in EMAP
II-induced emphysema formation.

Example 6

[0121] Eflect of lung-specific EMAP II overexpression on
the monocyte recruitment in the lung It was previously
shown that EMAP II attracted and activated monocytes 1n a
dose-dependent manner, caused inflammation when locally

injected, and triggered leukostasis in the lung upon systemic
application. Kao, 1., et al., J Biol Chem 269, 25106-25119

(1994); Kao, I, et al., J Biol Chem 269, 9774-9782 (1994).
The chemotactic effect of EMAP II on monocytes may be
important in the inflammatory responses associated with
emphysema.

[0122] Confocal imaging of fluorescent immunostaining
of markers for lung macrophage accumulation and activa-
tion 1n lung sections from EMAP II/CCSP double transgenic
vs. CCSP single transgenic animals was performed using

MAC-3-(macrophage marker) as well as TNFa-, MMP-9-,
and MMP-12-specific antibodies.

[0123] The lung specific overexpression of mature EMAP
II dramatically increased the numbers of MAC-3-expressing

cells along with staiming for TNFo-, MMP-9, MMP-12 1n
the lung (FIGS. 7A and 7B). The vast majority of TNFa-,
MMP-9, MMP-12 and MAC-3 positive cells displayed a
large nuclear phenotype, characteristic for macrophages,
whereas MMP-12-positivity colocalized not only with
Mac-3 (FIG. 7A), but also with other cells within the

alveolar wall, possibly epithelial cells.

[0124] The increase in Mac-3 positive cells was most
likely due to recruitment of monocytes form the circulation
to the lung, as the proliferation capacity of already resident
lung macrophages 1s extremely low. These macrophages
may be a source of inflammatory activation in the lungs of

EMARP II transgenic.
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Example 7

Both Pro- and Mature EMAP Il-Induce Significant
Apoptosis in Human Primary Microvascular Lung
Endothelial Cells

[0125] Situations associated with stress can induce both
forms of EMAP II. It 1s not known which form 1s more
potent in inducing endothelial cell apoptosis and whether the
mechanism by which this occurs 1s form-dependent. These
detailed mechanistic assays can only be done in cell cultures.
However to increase their significance, only primary lung
microvascular endothelial cells of human origin, commer-
cially obtained (Lonza) were tested.

[0126] Primary human lung microvascular endothelial
cells were treated with recombinant pro- or mature-EMAP 11
at 10-16 pg/ml. Apoptosis was measured by caspase-3
activity and Annexin/PI staining by flow cytometry. Treat-
ment with both forms of EMAP II resulted in increased

apoptosis as measured by caspase-3 activity (FIG. 5A) and
Annexin/PI staining (FIG. SE).

[0127] Both the pro- and mature EMAP II forms appeared

equally potent at inducing endothelial cell apoptosis 1n
culture conditions.

Example 8

The Stress-Sensitive CXCR3 Receptor Mediates
EMAP 11-Induced Lung Endothelial Cell Apoptosis

[0128] To investigate whether the CXCR3 receptor medi-
ates EMAP II-induced lung endothelial cell apoptosis, its
expression on primary human lung microvascular endothe-
lial cells was 1nitially assessed and secondly, 1ts function was

inhibited by specific blocking antibodies.

[0129] Primary human lung microvascular endothelial
cells were cultured 1n normal growth media, as well as 1n
media containing low serum concentration (2%), or even
treated with acellular BAL from smoked or control mice.
The BAL was concentrated (50-fold) and cells were 1ncu-
bated with a volume representing 10% of the original
undiluted cellular BAL. CXCR3 was detected by using
labeled anti-CXCR3 antibody detected by FACS. To assess
the role of the CXCR3 caspase-3 activation in lung micro-
vascular endothelial cells, cells with blocking anti-CXCR3
antibodies were pretreated (1 ng/ml, pretreated for 30 min).

[0130] Primary human lung microvascular endothelial
cells express CXCR3 at low levels. Stresstul conditions such
as serum starvation, treatment with BAL from smoked but
not from non-smoked mice, or even electroporation (FIG. 9)
increased significantly 1ts expression (FIGS. 5A-8D). Anti-
CXCR3 antibodies, but not 1sotype IgG antibodies signifi-
cantly reduced mature EMAP II-induced endothelial cell
death (FIGS. SA-8D).

[0131] These results are strong evidence that EMAP II-
induced endothelial cell apoptosis 1n the lung may be

mediated primarily by the CXCR3 receptor. This implies
that

[0132] CXCR3 mediates the functional efiects of EMAP 11
on both endothelial cells and monocytes and may be 1mpor-
tant for the development of cigarette smoke emphysema.

12
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Example 9
Cigarette Smoke Increased the Expression of Both
EMAP H Forms in the Mouse Lung
[0133] Based on previous findings that mature EMAP 11 1s

released by apoptosis and the proform upon stress, the
induction of EMAP II 1n the lung in vivo upon exposure to
cigarette smoke was investigated. Therefore, EMAP II
expression was measured in two inbred mouse strains,
C57/Bl6 and DBA2, which reportedly develop emphysema
alter chronic exposure to cigarette smoke for 6 or 4 months,
respectively. Cigarette smoke exposure (CSE) (for up to 24
weeks) profoundly increased both the pro- and mature forms
of EMAP II (approximately 8- and 2-fold, respectively)
secreted 1in the BAL and detected by Western blotting (FIG.
10A). Equal volume (100 ul) of acellular BAL from each
mouse was pooled (n=5 per time point), then equally con-
centrated (10x) and equally loaded (10 ul) 1n each lane.
Specific EMAP II antibody (1:250) detected both the pro-
and the mature forms of the EMAP II in the lavage. BAL
from the EMAP II overexpressing transgenic (1g) mice was
utilized as positive (Pos) control. Similar increases in the
two forms of EMAP II expression were noted in the lung

parenchyma of DBA2 mice exposed to cigarette smoke for
4 weeks (FIG. 10B).

[0134] Interestingly, in a distinct experimental model of
apoptosis-dependent murine emphysema which develops
secondary to VEGF receptor inhibition, EMAP II expression
was also markedly upregulated in the lungs of mice which
developed airspace enlargement compared to control mice,
but predominantly in the pro-form (FIG. 10C). FIG. 10C
shows EMAP II expression in the lung parenchyma of
C57/Bl6 mice at four weeks after treatment with the VEGF
receptor inhibitor (VEGFR-1nh). Each lane was loaded with
40 ug lung lysate from mdividual mice treated with vehicle
(carboxymethyl cellulose) or the VEGFR-1nh SU5416 (20
mg/kg, subcutaneous). Vinculin was immunoblotted as load-
ing control. The kinetics of EMAP II elevation in response
to cigarette smoking demonstrated that the increase in lung
EMAP 1I secretion preceded that of alveolar macrophage
accumulation, first noted at 4 weeks, but not 2 weeks of
cigarette smoke exposure (FIG. 10D). The kinetic relation-
ship of the EMAP II increase with the caspase-3 activation
in the lung was more complex, as significant caspase-3
activation was noted throughout the time course of the
EMARP II increases 1n response to cigarette smoking 1n mice
(FIG. 10E). Smnce EMAP II’s biological properties include
monocyte chemoattraction and apoptosis of proliferative
and hypoxic endothelial cells, EMAP II could play an
important role 1in the inflammatory and apoptotic responses
in the lung 1n response to cigarette smoke exposure.

Example 10

Neutralization of Pro and Mature-EMAP
11-Induced Endothelial Cell Apoptosis

[0135] Because mature EMAP II has been shown to
induce endothelial apoptosis, it was mvestigated whether a
rat antibody hybridoma clone M7/1 (M/71 antibody) was
also able to neutralize apoptosis induced by EMAP II. In
particular 1t was ivestigated whether this M7/1 antibody
was able to neutralize pro-apoptotic activities of both pro-

and mature EMAP I1I.
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[0136] EMAP II induced apoptosis was assessed by quan-
tification of TUNEL-positive cells (FIG. 11A). Endothelial
cells incubated with pro-EMAPII protein (50 ug/ml) or
mature-EMAP II protein (350 ng/ml) demonstrated a signifi-
cant apoptosis (arrows) as shown by TUNEL (*p<0.01).
Pretreatment of these cells with the neutralizing M 7/1
antibody (10 pg/ml), but not with control rat IgG, signifi-
cantly (**p<t0.03) mhibited apoptosis induced by both pro
and mature EMAP II as shown from representative fluores-
cent microscope 1mages following TUNEL assay. Quantifi-
cation of TUNEL positive cells by MetaMorph software
normalized to total DAPI nuclear positive cells 1s also
shown for pro-EMAPII (FIG. 11B) and mature EMAP II
(FIG. 11C). Data shown are from a representative experi-
ment performed in triplicates and repeated independently
two additional times with similar results. Scale bar=30 um.
[0137] Thus, EMAP II induced apoptosis was significantly
(p<0.03) blocked by the anti-EMAP II M 7/1 antibody, but
not by control rat IgG (FIGS. 11A-11C). Interestingly, 1t was
observed that pro-EMAPII at the same molar concentrations
as mature EMAP II was also a strong inducer of endothelial
apoptosis. Again, the M 7/1 antibody was able to completely
neutralize this activity (p<<0.01). These data demonstrate that
the M7/1 antibody can eflectively neutralize the pro-apop-
totic function of both EMAP II forms and may be a suitable
tool to inhibit pathophysiological activities of this protein in
mice. (Rajashekhar, G. et al, A monoclonal rat anti-mouse
EMAP II antibody that functionally neutralizes pro- and
mature-EMARP II 1n vitro, J Immunol Methods. 2009 Oct. 31;
350(1-2): 22-28).

Example 11

Neutralization of EMAP II Levels Markedly
Reduces CS-Induced Lungemphysema in Mice

[0138] Because EMAPII has been shown to be produced

and released by apoptosis, hypoxia, and cellular stress, i1t
was mvestigated whether EMAPII 1s induced 1n the lung in
vIvo upon exposure to cigarette smoke (CS). EMAPII pro-
tein expression was measured 1n the DBA/2 mouse strain,
which develops emphysema after chronic exposure to CS as
carly 16 weeks, exhibiting a 20% increase 1n airspace size,
compared with only a 9% increase measured in the C57BL/6
strain at this time point, respectively. CS exposure for only
4 weeks significantly increased the pro and mature forms of
EMAPII expression 1n the lung parenchyma of DBA/2 mice
compared with that in control mice exposed to ambient air
(air control [AC]), measured by mmmunoblotting (FIG.
12A).

[0139] Next, the cellular localization of EMAPII expres-
sion 1 normal and CS-exposed mice was investigated by
coimmunofluorescence with EMAPII antiserum, CDI11b
antibody, and DAPI. Under ambient air conditions, lungs of
control mice showed sparse EMAPII expression that colo-
calized mostly with CD11b-labeled alveolar macrophages
(FIG. 12B, left panel). By contrast, cigarette smoking
robustly increased both intracellular and extracellular EMA -
PII production, which colocalized with both macrophages
(FIG. 12B, middle panel) and alveolar septal cells (FIG.
12B, right panel).

[0140] The M7/1 antibody from Example 10 was used to
functionally assess the role of the secreted EMAPII 1n
CS-1nduced lung injury and emphysema. The M7/1 antibod-
ies (50 ug/application) were administered directly to the
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lung via mhalation of a nebulized solution, which showed
cllective deposition in the lung parenchyma at 15 minutes by
fluorescence microscopy of the lung and at 4 hours by
immune adsorption analysis of recovered biotinylated anti-
body from plasma. This method of administration has the
advantages of targeting the local EMAPII pool and has been
previously shown to allow the use of lower antibody doses
compared with the systemic route. The timing of M7/1
antibody delivery was chosen to follow the increases in
EMAPII detected 1n response to CS exposure, while the
duration of antibody M7/1 treatment was limited to 4 weeks
to minmimize or avoid nonspecific immunological side
cellects. DBA/2 mice were first exposed to CS alone for 8
weeks, followed by targeting EMAPII with neutralizing
M7/1 antibodies between weeks 9 to 12 and 4 additional
weeks of CS exposure (FIG. 120).

[0141] The administration of EMAPII-neutralizing
M7/1antibody significantly decreased lung apoptosis mea-
sured by caspase-3 activity 1n tissue lysates (FIG. 12D). In
addition, this treatment decreased the number of inflamma-
tory cells retrieved 1 the BALF (FIG. 12E), particularly
alveolar macrophages and neutrophils, and reduced the

number of neutrophils 1n the lung parenchyma. Furthermore,
ant1-20 EMAPII M7/1 antibodies significantly improved the

lung static compliance (FIG. 12F) by almost 40%. Impor-

tantly, consistent with these functional data, neutralization of
EMAPII abolished the CS-induced airspace enlargement
measured as a 19.4% increase in MLI compared with that in
air-exposed mice, which 1s 1n a typical range for CS-induced
emphysema mouse models (FIGS. 2G and 2H). Interest-
ingly, neutralizing EMAPII antibodies had no effect on
CS-induced large airway epithelial remodeling but restored
the thickness of the epithelial layer of small airways (smaller
than 150 um 1 diameter), which was significantly reduced
by CS exposure. (Clauss, M. et al., Lung endothelial mono-
cyte-activating protein 2 1s a medla‘[or ol cigarette smoke-
induced emphysema in mice, J Clin Invest do1:10.1172/

JCI43881).

Example 12

Lung-Specific EMAPII Overexpression Induced
Emphysema-Like Pathology of the Lung

[0142] Endothelial cell death, alveolar macrophage accu-
mulation and MMP-12 expression are implicated 1n emphy-
sema pathogenesis. Lung-specific EMAP II overexpression
for up to 6 months significantly increased airspace diam-
cters, consistent with simplification of alveolar structures
(FIGS. 5B-5E). The airspace enlargement was progressive,
noted on hematoxyllin-eosin stained lung sections and mea-
sured by the volume-weighted mean airspace volume, which

significantly increased from 1.36E+08 (£0.15, n=5) 1n con-
trol mice to 1.56E+08 (x0.3 SD, n=6) at 3 months (not

shown) and 1.91E+08 (0.3, n=6) at 6 months of EMAP II
lung overexpression (p=0.027) (FIG. SE). The loss of alveo-
lar septae was further supported by an increase in the mean
linear 1ntercept 1n the mice overexpressing EMAP II for 3
months compared to control mice (FIG. 3C). Note that the
bar in FIGS. 5B and 3D represents 300 um. These data
suggest that EMAP Il increase alone may be suflicient to
trigger emphysema-like airspace enlargement.
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Example 13

Specific Neutralization of Secreted EMAP 11
Inhibits Cigarette Smoke-Induced Airspace
Enlargement 1n Mice

[0143] To investigate whether an excess of secreted
EMAP 11 1s also necessary for the pathogenesis of airspace
enlargement 1n response to cigarette smoking, EMAP II was
neutralized by administration of specific monoclonal anti-
bodies 1n mice exposed to cigarette smoking. The DBA?2
mice, which develop significant airspace enlargement after 4
months of cigarette smoke exposure, were first exposed to
cigarette smoke for 2 months. For the following 1 month of
exposure, specific EMAP II antibodies or 1sotype IgG (1
mg/kg) were administered thrice weekly via nebulization. At
the end of the 4 month of total cigarette smoke exposure,
lung morphometry demonstrated significant increase in air-
space size consistent with simplification of alveolar struc-
ture, reminiscent of emphysema, in response to smoking but
not ambient air (FIG. 12G, leit panel and middle panel, bar
1s 100 um). While 1nhaled IgG did not have an inhibitory
ellect on cigarette smoke-induced airspace size (not shown),
treatment of mice with inhaled EMAP II antibody signifi-
cantly inhibited the airspace enlargement induced by ciga-
rette smoking (FIG. 12G, right panel, and FI1G. 12H). These
data suggest that application of neutralizing antibodies can
reduce emphysema development even after a considerable
time of smoke exposure.

Example 14

Synergistic Eilects of EMAP 11 and Cigarette
Smoke Exposure 1n the Lung

[0144] Having shown that EMAP II 1s both suflicient and
necessary 1n smoke induced emphysema, 1t was next asked
whether enhanced levels of baseline EMAP II in the lung
sensitize the lungs to cigarette smoke-induced injury, spe-
cifically apoptosis and macrophage inflammation. Increased
lung levels of EMAP II were achieved 1n the double trans-
genic mice by tetracycline administration for 8 weeks.
Double transgenic (EMAP II overexpressing) or single
transgenic control mice were then exposed to cigarette
smoking daily, five times a week, for 4 weeks. Lungs were
then assessed for levels of apoptosis by extracting and
measuring whole lung apoptosis-signaling ceramides, as
reported previously (Petrache, 1., Nataraj an, V., Zhen, L.,
Medler, T. R., Richter, A. T., Cho, C., Hubbard, W. C.,
Berdyshev, E. V., and Tuder, R. M. 2005. Ceramide upregu-
lation causes pulmonary cell apoptosis and emphysema-like
disease 1n mice. Nat Med 11:491-498). At this time point of
cigarette smoke exposure, lungs of wild-type mice express
only modest increases 1n ceramides (Petrache, 1., Medler, T.

R., Richter, A. T., Kamocki, K., Chukwueke, U., Zhen, L.,
Gu, Y., Adamowicz, J., Schweitzer, K. S., Hubbard, W. C.,
et al. 2008. Superoxide dismutase protects against apoptosis
and alveolar enlargement induced by ceramide. Am J
Physiol Lung Cell Mol Physiol 295:1.44-33). Interestingly,
there was a dramatic 1increase in ceramides 1n the lungs of
mice overexpressing EMAP 1II prior to cigarette smoking,
compared to either EMAP II overexpression or cigarette
smoking alone (FIG. 4A). Similarly the number of lung
macrophages measured by IHC using F4/80 antibody
increased synergistically 1n the mice overexpressing EMAP

14
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IT prior to cigarette smoking compared to mice exposed for
the same duration to either stimulus alone. Levels of lung
ceramide (FIG. 2C), a marker of alveolar apoptosis elevated
in emphysema were measured by tandem mass spectrometry
and levels were normalized for lipid phosphorus (P1) con-
tent. Horizontal lines represents median and whiskers depict
the 57 and 957 percentile. Groups were compared by
ANOVA; * p=0.01 vs control; ** P=<0.006 vs. control and
vs. control+cigarette smoke. H&E staining showed
increased inflammatory cells 1n CS-exposed mice which 1s
further aggravated 1in Tg mice exposed to CS. These data
provide evidence for the hypothesis that EMAP II may be a
predictor and mediator of emphysema formation.

Example 15

EMAP II Elevations 1n Human Lungs with COPD
and in the Broncho-Alveolar Lavage of Smokers

[0145] To investigate the relevance of increased lung
EMARP II levels for human emphysema, EMAP II 1n subjects
diagnosed with emphysema was assessed. Immunostaining
(IHC) of lung samples obtained from patients with emphy-
sema at the time of lung transplantation with specific EMAP
II antibody demonstrated markedly increased EMAP II
staining compared with non-diseased lungs. Interestingly,
variable levels of EMAP 11 expression were noted in indi-
viduals without a diagnosis of COPD at the time of tissue
sampling. This variability may be related to smoking status,
as the BAL obtained from active smokers without a COPD
diagnosis exhibited increased EMAP II levels compared to
nonsmokers (FIG. 1). Secreted EMAP II (mature form)
expression 1 the BAL acellular fluid of smokers was
compared to non-smokers, as measured by Western blotting
with a specific EMAP II antibody. Levels measured by

densitometry of EMAP II expression in individual BAL
samples. (MeanxSEM, *p=25<0.01).

Example 16

Extraction of Total RNA from Hybridomas

[0146] First-round of RT-PCT. QIAGEN® OneStep RIT-
CR Kit (Cat No. 210210) was used. RNA was i1solation using
a Qiagen kit according to standard methods 1n conformity
with the manufacture’s and the instructions. Briefly, R1T-
PCR was performed with primer sets specific for the heavy
and light chains. For each RNA sample, 12 individual heavy
chain and 11 light chain RT-PCR reactins were set up using
degenerate forward primer mixtures covering the leader
sequences ol variable regions. Reverse primers are located
in the constant regions of heavy and light chains. No
restriction sites were engineered into the primers.

[0147] Second-round semi-nested PCR. The RT-PCR
products from the first-round reactions were further ampli-
fied 1n the second-round PCR. 12 individual heavy chain and
11 light chain RT-PCR reactions were set up using sem-
nested primer sets specific for antibody variable regions.
[0148] Referring now to FIG. 13. After PCR was finished,
a PCR reaction was run and samples from the PCR reaction
were run onto an agarose gel to visualize the DNA fragments
amplified. The correct antibody variable region DNA frag-
ments should have a size between 400-500 base pair.
[0149] Referring now to FIGS. 14 and 15. After sequenc-
ing more than 15 DNA {fragments amplified by nested
RT-PCR, several antibody heavy and light chains were
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cloned. The protein sequence and alignment and CDR
analysis 1dentified one heavy chain and one light chain

Example 17

EMAP II Epitope Peptide Sequence Identification

[0150] Referring now to FIGS. 16 and 17. Based on the
protocol of Parker and Tomer, tryptic digestion-derived
peptides of protein bound to another compound (such as an
antibody) maybe protected from digestion at the binding
site. (Parker, C. et al., MALDI/MS-based epitope mapping
of antigens bound to immobilized antibodies, Molecular
Biotechnology, Volume 20, Number 1 (2002), 49-62).
Accordingly, the portion of a protein bound to a sepharose-
immobilized M7/1 antibody would likely be protected from
proteolysis.

[0151] A binding competition was performed using human
recombinant pro-EMAP II and the M7/1 antibody. Referring,
now to FIG. 17. Recombinant pro-EMAP II was submitted
to Western blotting using control IgG and EMAP 11 neutral-
1zing M’//1 antibody in the presence/absence of a 300 fold
molar excess of peptide hexadecamers. Only Peptide 2
(QQSIAGSADSKPIDVSR) (SEQ. ID NO. 12) but not Pep-
tide 1 (KHPDADSLY VEEVDVGE) (SEQ. ID NO. 13) or
Peptide 3 (SEQ ID NO. 14; as a control) was able to compete
with M7/1. Arrows 111d1cate the position of molecular weight
standards (in rel kDa).

[0152] Peptides 1n the pull-down fraction were 1dentified
by liquid chromatography tandem mass spectrometry (LC-
MS/MS). By analyzing the sequences bound to protein G
sepharose immobilized M7/1 antibody, protected peptides
ranging over the sequence QQSIAGSADSKPIDVSRLDL-
RIGCIITARKHPDADSLYVEEVDVGEIAPRTVVS
GLVNHVPLEQMOQNRM (SEQ. ID NO. 11) were 1denti-

SEQUENCE LISTING

Sequence total quantity: 15
SEQ ID NO: 1 moltype = DNA

FEATURE Location/Qualifiers
gource 1..354
mol type = other DNA
organism = Rattus rattus

SEQUENCE: 1

length = 354
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fied. From this peptide sequences 2 hexadecamer peptides
randomly chosen for competition 1n M7/1 Western blotting;:

Peptide 1: KHPDADSLY VEEVDVGE (SEQ. ID NO. 13)
and Peptide 2: QQSIAGSADSKPIDVSR (SEQ. ID NO.

12). A Western blotting competition assay was used 1n order
to determine which polyPeptide 1s the best epitope. In this
assay, M7/1 antibody binding to recombinant pro-EMAPII
was performed in the presence of a 300-fold excess of
hexadecamer Peptides 1 or 2 or a control Peptide 3: VLKR-
LEQKGAEADQIIE (SEQ. ID NO. 14). Peptide 2 competed
strongly for the M7/1 antibody binding as indicated by the
absence of a Western blot band for M7/1 staining, whereas
the other 1dentified Peptide 1 and the control Peptide 3 had
no effect.

[0153] It should be understood, of course, that the fore-
going relates to exemplary embodiments of the mvention
and that modifications may be made without departing from
the spirit and scope of the invention as set forth in the
following claims.

[0154] While the novel technology has been illustrated
and described 1n detail 1n the figures and foregoing descrip-
tion, the same 1s to be considered as illustrative and not
restrictive in character, 1t being understood that only the
preferred embodiments have been shown and described and
that all changes and modifications that come within the spirit
of the novel technology are desired to be protected. As well,
while the novel technology was 1llustrated using specific
examples, theoretical arguments, accounts, and 1llustrations,
these illustrations and the accompanying discussion should
by no means be interpreted as limiting the technology. All
patents, patent applications, and references to texts, scien-
tific treatises, publications, and the like referenced in this
application are incorporated herein by reference in their
entirety.

gcggtgcace ttgttgagtce tggtggagga tttgtgcagce ctacggagtce attgaaaatc 60
tcatgtgcag cctcectggatt caccttcagt gatgctgcecca tgtactgggt ccgccaggcet 120
ccaggaaagg gtctggaatg ggttgctcgce ataagaacta aacctaataa ttatgcaaca 180
tattatgctg attcagtgaa aggcagattc accatctceccce gagatgattc aaaaagcatg 240
gtctacctac aaatggataa cttgaaaact gaggacacag ccatgtatta ctgtacatca 300
tggagctacg actttgatta ctggggccaa ggagtcatgg tcacagtctc ctca 354

SEQ ID NO: 2 moltype = AA length = 118

FEATURE Location/Qualifiers
gource 1..118
mol type = proteiln
organism = Rattus rattus

SEQUENCE: 2

AVHILVESGGG FVQPTESLKI SCAASGEFTES DAAMYWVRQA PGKGLEWVAR IRTKPNNYAT 60
YYADSVKGRE TISRDDSKSM VYLOMDNLKT EDTAMYYCTS WSYDEDYWGQ GVMVTVSS 118

SEQ ID NO: 3 moltype = AA length = 112

FEATURE Location/Qualifiers
source 1..112
mol type = proteiln
organism = Rattusgs rattus

SEQUENCE: 3

DIVMTQGALP NPVPSGESAS ITCOSSKSLL HSSGKTYLNW YLQRPGOQSPH LLIYWMSTRA 60
SGVSDRLSGS GSGTDETLKI SSVEAEDVGY YYCQQFLEYP LTEGSGTKLE IK 112
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-continued

SEQ ID NO: 4 moltype = DNA length = 337
FEATURE Location/Qualifiers
source 1..337

mol type = other DNA

organism = Rattus rattus
SEQUENCE :
gatattgtga tgacccaggg tgcactcccecce aaccctgtece cctcetggaga gtcagettee 60
atcacctgce agtctagtaa gagtctgcectg cacagcagtg gcaagacata cttgaattgg 120
tatctgcaga ggccaggaca gtctcectcat ctectgatcet attggatgtce cacccecgtgceca 180
tcaggagtct cagacaggct cagtggcagt gggtcaggaa cagatttcac actgaaaatc 240
agcagcgtgg aggctgagga tgtgggtgtg tattactgtce agcaatttcet agagtatcct 300
ctcacgttcg gttctgggac caagctggag atcaaac 337
SEQ ID NO: b5 moltype = AA length = 8
FEATURE Location/Qualifiers
source 1..8

mol type = proteiln

organism = Rattus rattus
SEQUENCE :
GFTEFSDAA 8
SEQ ID NO: 6 moltype = AA length = 10
FEATURE Location/Qualifiers
source 1..10

mol type = proteiln

organlism = Rattus rattus
SEQUENCE :
IRTKPNNYAT 10
SEQ ID NO: 7 moltype = AA length = 9
FEATURE Location/Qualifiers
source 1..9

mol type = protein

organism = Rattus rattus
SEQUENCE :
TSWSYDEDY 5
SEQ ID NO: 8 moltype = AA length = 11
FEATURE Location/Qualifiers
source 1..11

mol type = proteiln

organism = Rattus rattus
SEQUENCE :
KSLLHSSGKT Y 11
SEQ ID NO: 9 moltype = length =
SEQUENCE :
000
SEQ ID NO: 10 moltype = AA length = 9
FEATURE Location/Qualifiers
source 1..9

mol type = proteiln

organism = Rattus rattus
SEQUENCE: 10
QOFLEYPLT 5
SEQ ID NO: 11 moltype = AA length = 69
FEATURE Location/Qualifiers
source 1..69

mol type = proteiln

organism = Homo sgapiens
SEQUENCE: 11
QOSIAGSADS KPIDVSRLDL RIGCIITARK HPDADSLYVE EVDVGEIAPR TVVSGLVNHYV 60
PLEQMONRM 69
SEQ ID NO: 12 moltype = AA length = 17
FEATURE Location/Qualifiers
source 1..17

mol type = proteiln

organism = Homo sgapiens
SEQUENCE: 12
QOSIAGSADS KPIDVSR 17
SEQ ID NO: 13 moltype = AA length = 17
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-continued

FEATURE Location/Qualifiers
source 1..17
mol type = proteiln
organism = Homo sapiens

SEQUENCE: 13
KHPDADSLYV EEVDVGE

SEQ ID NO: 14 moltype = AA length = 17

FEATURE Location/Qualifiers
REGION 1..17
note = gynthetic
source 1..17
mol type = proteiln
organism = synthetic construct

SEQUENCE: 14
VLKRLEQKGA EADQIIE

SEQ ID NO: 15 moltype = AA length = 672

FEATURE Location/Qualifiers
source 1..672
mol type = proteiln
organism = Homo sapilens

SEQUENCE: 15

MLPAVAVSEP VVLRFMIFCR LLAKMANNDA VLKRLEQKGA EADQIIEYLK
ILOATLREEK KLRVENAKLK KEIEELKQEL IQAEIQNGVK QIPFPSGTPL
IQSTAVTTVS SGTKEQIKGG TGDEKKAKEK IEKKGEKKEK KQOSIAGSAD
LRIGCIITAR KHPDADSLYV EEVDVGEIAP RTVVSGLVNH VPLEQMONRM
KMRGVLSQAM VMCASSPEKI EILAPPNGSY PGDRITEFDAF PGEPDKELNP
DLHTNDECVA TYKGVPFEVK GKGVCRAQTM SNSGIKMLPA VAVSEPVVLR
MANNDAVLKR LEQKGAEADQ IIEYLKQOVS LLKEKAILQA TLREEKKLRV
ELKOQELIQAE IQONGVKQIPEF PSGTPLHANS MVSENVIQST AVITVSSGTK
KKAKEKIEKK GEKKEKKQQS IAGSADSKPI DVSRLDLRIG CIITARKHPD
VGEIAPRTVV SGLVNHVPLE OMONRMVILL CNLKPAKMRG VLSQAMVMCA
PPNGSVPGDR ITFDAFPGEP DKELNPKKKI WEQIQPDLHT NDECVATYKG

CRAQTMSNSG 1K

What 1s claimed 1s:

1. A method for treating a patient having emphysema or
COPD comprising administering a therapeutically effective
amount of an EMAP II neutralizing antibody.

2. The method according to claim 1, further comprising
generating the antibody by:

contacting the immune system of a mammal with a

polypeptide consisting of SEQ ID NO: 12; and select-
ing a B-cell from the mammal;

wherein the B-cell produces antibodies that bind to

endothelial monocyte activating protein II (EMAP II).

3. The method according to claim 2, wherein contacting
the immune system of the mammal comprises immunizing,
the mammal.

4. The method according to claim 2, wherein selecting a
B-cell from the mammal comprises 1solating B-cells from
the mammal, fusing the B-cells with myeloma cells thereby
forming hybridomas, and selecting at least one hybridoma.

5. The method according to claim 4, wherein the at least
one hybridoma 1s selected by testing hybridoma supernatant
for binding of EMAP II by enzyme linked immunosuppres-
sion assay (ELISA).

6. The method according to claim 1, wherein the EMAP
IT neutralizing antibody comprises:

17
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QOVSLLKEKA 60

HANSMVSENY 120
SKPIDVSRLD 180
VILLCNLKPA 240
KKKIWEQIQP 300
FMIFCRLLAK 360
ENAKLKKEIE 420
EQIKGGTGDE 480
ADSLYVEEVD 540
SSPEKIEILA 600
VPFEVKGKGY 660

672

a heavy chain variable region, wherein said heavy chain
variable region includes at least a portion of a first
polypeptide according to SEQ. ID. NO. 2; and

a light chain vanable region, wherein said light chain
variable region includes at least a portion of a second
polypeptide according to SEQ. ID. NO. 3, wherein said
antibody 1s humanized and the humanized antibody
binds to human EMAPII.

7. The method according to claim 6, wherein said first
polypeptide has at least 99 percent homology to SEQ. ID.
NO. 2, and said second polypeptide has at least 99 percent
homology to SEQ. ID. NO. 3.

8. The method according to claim 6, wherein said first
polypeptide has at least 95 percent 1dentity to SEQ. ID. NO.
2 and said second polypeptide has at least 95 percent identity
to SEQ. ID. NO. 3.

9. The method according to claim 6, wherein said first
polypeptide has at least 99 percent 1dentity to SEQ. ID. NO.
2 and said second polypeptide has at least 99 percent identity
to SEQ. ID. NO. 3.

10. The method according to claim 6, wherein said first
polypeptide 1s SEQ. ID. NO. 2 and said second polypeptide
1s SEQ. ID. NO. 3.
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