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METHODS FOR PREDICTING THE CLINICAL OUTCOME OF PATIENTS
SUFFERING FROM CHRONIC OBSTRUCTIVE PULMONARY DISEASE

FIELD OF THE INVENTION:

The present invention is in the field of medicine, in particular pneumology.

BACKGROUND OF THE INVENTION:

Chronic obstructive pulmonary disease (COPD) is a difficult to treat disease, characterised by
irreversible airflow obstruction and often associated with lung emphysema. These events result
from persistent airway and lung inflammation and tissue remodelling that leads to respiratory
insufficiency and functional disability (1). Cigarette smoke, but also genetic/epigenetic
alterations leading to lung accelerated aging, have been shown to predispose individuals to
COPD (2-4). However, whether markers of these processes are detected in peripheral blood of

patients and relate to clinical traits of the disease remains elusive.

COPD manifests in different clinical phenotypes according to the degree of airflow obstruction,
frequency of acute exacerbations, emphysema and airway inflammation (5). In addition,
pulmonary and cardio-metabolic comorbidities may impact COPD prognosis and therapeutic
management (6). Therefore, numerous studies have addressed analytical approaches for
identifying novel COPD endotypes underlying these clinical phenotypes (7-9). Hence, specific
markers were established for identifying patients with high versus low rate of exacerbations
(10), or by defining COPD-subtypes using quantitative computed tomography (CT) imaging,
namely, emphysema- and airway-dominant diseases (11,12). However, these generated
profiles, have not been supported across multiple cohorts. Other approaches, which still
requiring validation, include the assessment of potential links between clinical traits of COPD
and changes in lung microbiome, systemic inflammation and pulmonary, or extra-pulmonary

co-morbidities (7,9).

Given the heterogeneity in COPD pathophysiology and clinical presentation, robust and wide
analytic approaches are required to characterize novel endotypes. To this end, High-throughput
proteomic technology, Slow Off-rate Modified Aptamers (SOMA)scan, has been developed for
quantitatively assessing hundreds of proteins in serum, plasma and tissue samples with high

sensitivity and specificity (13,14). This platform has previously proved useful in being able to
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measure simultaneously large numbers of proteins in studies investigating novel biomarkers for

organ diseases, including lung (14-16).

SUMMARY OF THE INVENTION:
The present invention is defined by the claims. In particular, the present invention relates to
methods for predicting the clinical outcome of patients suffering from chronic obstructive

pulmonary disease (COPD).

DETAILED DESCRIPTION OF THE INVENTION:

Chronic obstructive pulmonary disease (COPD) is a heterogeneous disease with pulmonary and
extra-pulmonary manifestations. COPD heterogeneity is poorly understood and insights into
molecular mechanisms is required to provide better treatment with targeted therapies.

The objectives of the inventors were to systematically profile serum proteins in COPD subjects,
and to study disease mechanisms and molecular heterogeneity in relation to clinical
presentation.

The inventors collected serum samples from 241 COPD subjects in the COBRA cohort and
measured the expression of 1305 proteins using SOMAscan proteomic platform. Modular
analyses and clustering of the proteomics were applied to identify disease subtypes. Functional
annotation of the subtypes and association with key clinical parameters were examined. Cluster
discoveries were revalidated during a follow up visit, and confirmed in a different COPD

cohort.

Two clusters were identified within COPD subjects at inclusion. Cluster 1 showed elevated
levels of some factors contributing to tissue injury, whereas Cluster 2 had higher expression of
proteins associated with enhanced immune and defense activities, cell fate, remodelling and
repair and altered metabolism and mitochondrial functions. Patients in Cluster 2 had a lower
incidence of exacerbations, unscheduled medical visits and prevalence of emphysema and
diabetes. These protein expression patterns were conserved, by a large part, during a second
visit, and validated in another COPD patient group. A signature of 15 proteins that differentiated
the two COPD clusters at the 2 visits and that enabled tracking of patients who switched cluster
at their second visit was also identified. Overexpression of factors involved in host defense,
pro-survival and cell renewal contribute to better clinical outcomes in COPD. In addition, high

throughput proteomic assay proved usefulness for investigating molecular mechanisms
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involved in COPD and for identifiying targeted therapies. This signature would thus be useful

for predicting the clinical outcome of patients suffering from COPD.

Main definitions:

Asused herein, the term “chronic obstructive pulmonary disease” or “COPD” has its general
meaning in the art and refers to and refers to a set of physiological symptoms including chronic
cough, expectoration, exertional dyspnea and a significant, progressive reduction in airflow that
may or may not be partly reversible. COPD is a disease characterized by a progressive airflow
limitation caused by an abnormal inflammatory reaction to the chronic inhalation of particles.
The Global Initiative for Chronic Obstructive Lung Disease (GOLD) has classified 4 different
stages of COPD (Table A). In some embodiments, the patient suffers from moderate COPD.

In some embodiments, the patient suffers from a severe or very severe COPD.

Table A: Gold classification: The volume in a one-second forced exhalation is called the forced
expiratory volume in one second (FEV1), measured in liters. The total exhaled breath is called
the forced vital capacity (FVC), also measured in liters. In people with normal lung function,

FEV1 is at least 70% of FVC.

Stage 1 Mild COPD FEV1/FVC<0.70 FEV> 80% normal
Stage 11 Moderate COPD FEV1/FV(C<0.70 FEV; 50-79% normal
Stage 111 Severe COPD FEV1/FV(C<0.70 FEV; 30-49% normal

Stage IV Very Severe COPD FEV1/FV(C<0.70 FEV;<30% normal, or
<50% normal with chronic

respiratory failure present

As used herein, the term “clinical outcome” has its general meaning in the art and refers to the
health status of a patient following treatment for a disease or disorder, or in the absence of
treatment. Clinical outcomes include, but are not limited to, an increase in the length of time
until death, a decrease in the length of time until death, an increase in the chance of survival,
an increase in the risk of death, survival, disease-free survival, advanced disease, death, and

favorable, poor response to therapy and worsening.

As used herein, the term "worsening" means that the COPD evolves at a later stage with respect

to the first measured time point phase. The person skilled in the art will recognize and confirm
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if the evolution of the disease is worse by also analyzing other indicative characteristics. The
characteristics or indications that appear at a later stage, and that are indicative of a disease
progression are, without limitation, the incidence of acute exacerbations, the occurrence of
unscheduled medical visits, and the occurrence of hospitalizations for COPD within the
previous year and emphysema. In particular, the worsening may also include the occurrence of
co-morbidities, particularly diabetes and obstructive sleep apnea, as well as the need of
medications for COPD (long-acting beta2-agonists, long-acting anti-muscarinic antagonists,

inhaled corticosteroids...).

As used herein, the term “risk of worsening” is to be understood as referring to the probability

of worsening.

As used herein, the term "risk" in the context of the present invention, relates to the probability
that an event will occur over a specific time period and can mean a subject's "absolute risk” or
"relative risk”. Absolute risk can be measured with reference to either actual observation post-
measurement for the relevant time cohort, or with reference to index values developed from
statistically valid historical cohorts that have been followed for the relevant time period.
Relative risk refers to the ratio of absolute risks of a subject compared either to the absolute
risks of low risk cohorts or an average population risk, which can vary by how clinical risk
factors are assessed. Odds ratios, the proportion of positive events to negative events for a given
test result, are also commonly used (odds are according to the formula p/(1-p) where p is the
probability of event and (1- p) is the probability of no event) to no- conversion. "Risk
evaluation," or "evaluation of risk" in the context of the present invention encompasses
making a prediction of the probability, odds, or likelihood that an event or disease state may
occur, the rate of occurrence of the event or conversion from one disease state to another. Risk
evaluation can also comprise prediction of future clinical parameters, traditional laboratory risk
factor values, or other indices of relapse, either in absolute or relative terms in reference to a
previously measured population. The methods of the present invention may be used to make
continuous or categorical measurements of the risk of conversion, thus diagnosing and defining
the risk spectrum of a category of subjects defined as being at risk of conversion. In the
categorical scenario, the invention can be used to discriminate between normal and other subject

cohorts at higher risk.
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As used herein the term “blood sample” means any blood sample derived from the subject.
Collections of blood samples can be performed by methods well known to those skilled in the

art. In some embodiments, the blood sample is a serum sample or a plasma sample.

As used herein, the term “BTK” has its general meaning in the art and refers to the tyrosine-
protein kinase BTK. The term is also known as agammaglobulinemia tyrosine kinase, B-cell
progenitor kinase, and Bruton tyrosine kinase. An exemplary amino acid sequence for BTK is

shown as SEQ ID NO:1.

SEQ ID NO:1 >sp|Q06187|BTK HUMAN Tyrosine-protein kinase BTK OS=Homo
sapiens 0X=9606 GN=BTK PE=1 SV=3
MAAVILESIFLKRSQQKKKTSPLNFKKRLEFLLTVHKLSYYEYDFERGRRGSKKGSIDVEK
ITCVETVVPEKNPPPERQIPRRGEESSEMEQISITIERFPYPFQVVYDEGPLYVESPTEEL
RKRWIHQLKNVIRYNSDLVQKYHPCFWIDGQYLCCSQTAKNAMGCQILENRNGSLKPGSS
HRKTKKPLPPTPEEDQILKKPLPPEPAAAPVSTSELKKVVALYDYMPMNANDLQLRKGDE
YFILEESNLPWWRARDKNGQEGYIPSNYVTEAEDSIEMYEWYSKHMTRSQAEQLLKQEGK
EGGFIVRDSSKAGKYTVSVFAKSTGDPQGVIRHYVVCSTPQSQYYLAEKHLEFSTIPELIN
YHQHNSAGLISRLKYPVSQONKNAPSTAGLGYGSWEIDPKDLTFLKELGTGQFGVVKYGK
WRGQYDVAIKMIKEGSMSEDEFIEEAKVMMNLSHEKLVQLYGVCTKQRPIFITITEYMANG
CLLNYLREMRHRFQTQQLLEMCKDVCEAMEYLESKQFLHRDLAARNCLVNDQGVVKVSDF
GLSRYVLDDEYTSSVGSKFPVRWSPPEVLMYSKESSKSDIWAFGVLMWEIYSLGKMPYER
FTNSETAEHIAQGLRLYRPHLASEKVYTIMYSCWHEKADERPTFKILLSNILDVMDEES

As used herein, the term “Cyclophilin F” has its general meaning in the art and refers to the
peptidyl-prolyl cis-trans isomerase F, mitochondrial. The term is also known as PPIF or
mitochondrial cyclophilin. An exemplary amino acid sequence for Cyclophilin F is shown as

SEQ ID NO:2.

SEQ ID NO:2 >sp|P30405|PPIF HUMAN Peptidyl-prolyl cis-trans isomerase F,
mitochondrial OS=Homo sapiens OX=9606 GN=PPIF PE=1 35V=1
MLALRCGSRWLGLLSVPRSVPLRLPAARACSKGSGDPSSSSSSGNPLVYLDVDANGKPLG
RVVLELKADVVPKTAENFRALCTGEKGFGYKGSTFHRVIPSFMCQAGDETNHNGTGGKST
YGSREPDENFTLKHVGPGVLSMANAGPNTNGSQFFICTIKTDWLDGKHVVEGHVKEGMDV
VKKIESEFGSKSGRTSKKIVITDCGQLS

As used herein, the term “Tropomyosin 4 has its general meaning in the art and refers to the
tropomyosin alpha-4 chain. The term is also known as TPM4 or TM30p1. An exemplary amino
acid sequence for Tropomyosin 4 is shown as SEQ ID NO:3.

SEQ ID NO:3 >sp|P67936|TPM4 HUMAN Tropomyosin alpha-4 chain OS=Homo sapiens
0X=9606 GN=TPM4 PE=1 35V=3
MAGLNSLEAVKRKIQALQOOADEAEDRAQGLOQRELDGERERREKAEGDVAALNRRIQLVE
EELDRAQERLATALOQKLEEAEKAADESERGMKVIENRAMKDEEKMEIQEMOQLKEAKHIAE
EADRKYEEVARKLVILEGELERAEERAEVSELKCGDLEEELKNVTNNLKSLEAASEKYSE
KEDKYEEEIKLLSDKLKEAETRAEFAERTVAKLEKTIDDLEEKLAQAKEENVGLHQTLDQ
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As used herein, the term “Carbonic anhydrase XIII” has its general meaning in the art and
refers to the carbonic anhydrase 13. An exemplary amino acid sequence for carbonic anhydrase

XIII is shown as SEQ ID NO:4.

SEQ ID NO:4>sp|Q8NI1QI1|CAH13 HUMAN Carbonic anhydrase 13 OS=Homo sapiens
0¥X=9606 GN=CAl3 PE=1 svV=1
MSRLSWGYREHNGPIHWKEFFPIADGDQQOSPIEIKTKEVKYDSSLRPLSIKYDPSSAKII
SNSGHSFNVDEFDDTENKSVLRGGPLTGSYRLROQVHLHWGSADDHGSEHIVDGVSYAAELH
VVHWNSDKYPSFVEAAHEPDGLAVLGVFLOQIGEPNSQLOKITDTLDSIKEKGKQTRETNE
DLLSLLPPSWDYWTYPGSLTVPPLLESVIWIVLKQPINISSQOQLAKFRSLLCTAEGEAAA
FLVSNHRPPQPLKGRKVRASFEFH

As used herein, the term “FGF-16" has its general meaning in the art and refers to the fibroblast

growth factor 16. An exemplary amino acid sequence for FGF-16 is shown as SEQ ID NO:5.

SEQ ID NO:5>sp|043320|FGF16 HUMAN Fibroblast growth factor 16 OS=Homo
sapiens 0X=9606 GN=FGFl6 PE=1 35V=1
MAEVGGVFASLDWDLHGFSSSLGNVPLADSPGFLNERLGQIEGKLQRGSPTDFAHLKGIL
RRROLYCRTGFHLEIFPNGTVHGTRHDHSREGILEFISLAVGLISIRGVDSGLYLGMNER
GELYGSKKLTRECVFREQFEENWYNTYASTLYKHSDSERQYYVALNKDGSPREGYRTKRH
QKFTHFLPRPVDPSKLPSMSRDLEFHYR

As used herein, the term “AREG” has its general meaning in the art and refers to the

Amphiregulin. An exemplary amino acid sequence for AREG is shown as SEQ ID NO:6.

SEQ ID NO:6>sp|P15514|AREG HUMAN Amphiregulin OS=Homo sapiens OX=9606
GN=AREG PE=1 S5V=2
MRAPLLPPAPVVLSLLILGSGHYAAGLDLNDTYSGKREPFSGDHSADGFEVTSRSEMSSG
SEISPVSEMPSSSEPSSGADYDYSEEYDNEPQIPGYIVDDSVRVEQVVKPPONKTESENT
SDKPKRKKKGGKNGKNRRNRKKKNPCNAEFONFCIHGECKYIEHLEAVTCKCQQEYFGER
CGEKSMKTHSMIDSSLSKIALAATAAFMSAVILTAVAVITVQLRROQYVRKYEGEAEERKK
LROENGNVHAIA

As used herein, the term “SHC1” has its general meaning in the art and refers to the SHC-
transforming protein 1. An exemplary amino acid sequence for SHCI is shown as SEQ ID

NO:7.

SEQ ID NO:7>sp|P29353|SHC1 HUMAN SHC-transforming protein 1 OS=Homo sapiens
0X=9606 GN=SHC1l PE=1 s5V=4
MDLLPPKPKYNPLRNESLSSLEEGASGSTPPEELPSPSASSLGPILPPLPGDDSPTTLCS
FFPRMSNLRLANPAGGRPGSKGEPGRAADDGEGIVGAAMPDSGPLPLLODMNKLSGGGGR
RTRVEGGQLGGEEWTRHGSFVNKPTRGWLHPNDKVMGPGVSYLVRYMGCVEVLQSMRALD
FNTRTQVTREAISLVCEAVPGAKGATRRRKPCSRPLSSILGRSNLKFAGMPITLTVSTSS
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INLMAADCKQITANHHMQSISFASGGDPDTAEYVAYVAKDPVNQRACHILECPEGLAQDV
ISTIGOQAFELRFKQYLRNPPKLVTPHDRMAGEFDGSAWDEEEEEPPDHQYYNDEFPGKEPPL
GGVVDMRLREGAAPGAARPTAPNAQTPSHLGATLPVGOQPVGGDPEVRKOMPPPPPCPGRE
LEDDPSYVNVONLDKARQAVGGAGPPNPAINGSAPRDLEFDMKPFEDALRVPPPPOSVSMA
EQLRGEPWFHGKLSRREAEALLOLNGDFLVRESTTTPGOYVLTGLOSGQPKHLLLVDPEG
VVRTKDHRFESVSHLTISYHMDNHLPIISAGSELCLOQQPVERKL

As used herein, the term “14-3-3 protein B/a” has its general meaning in the art and refers to
the 14-3-3 protein beta/alpha. An exemplary amino acid sequence for 14-3-3 protein P/a is

shown as SEQ ID NO:8.

SEQ ID NO:8>sp|P31946|1433B HUMAN 14-3-3 protein beta/alpha OS=Homo sapiens
0X=9606 GN=YWHAB PE=1 35V=3
MTMDKSELVQKAKLAEQAERYDDMAAAMKAVTEQGHELSNEERNLLSVAYKNVVGARRSS
WRVISSIEQKTERNEKKQOMGKEYREKIEAELQDICNDVLELLDKYLIPNATQPESKVEY
LKMKGDYFRYLSEVASGDNKQTTVSNSQOAYQEAFEISKKEMOQPTHPTRLGLALNESVEY
YEILNSPEKACSLAKTAFDEAIAELDTLNEESYKDSTLIMQLLRDNLTLWTSENQGDEGD

AGEGEN

Asused herein, the term “elF-4H” has its general meaning in the art and refers to the eukaryotic
translation initiation factor 4H. An exemplary amino acid sequence for elF-4H is shown as SEQ

ID NO:9.

SEQ ID NO:9>sp|Q15056|IF4H HUMAN FEukaryotic translation initiation factor
4H OS=Homo sapiens 0X=9606 GN=EIF4H PE=1 SV=5
MADEFDTYDDRAYSSFGGGRGSRGSAGGHGSRSQKELPTEPPYTAYVGNLPENTVQGDIDA
IFKDLSIRSVRLVRDKDTDKFKGFCYVEFDEVDSLKEALTYDGALLGDRSLRVDIAEGRK
ODKGGFGFRKGGPDDRGMGSSRESRGGWDSRDDENSGFRDDFLGGRGGSRPGDRRTGPPM
GSRFRDGPPLRGSNMDFREPTEEERAQRPRLOLKPRTVATPLNQVANPNSAIFGGARPRE

EVVQKEQE

As used herein, the term “CD40 ligand” has its general meaning in the art and is also known
as CD154 or CD40L. An exemplary amino acid sequence for CD40 ligand is shown as SEQ ID
NO:10.

SEQ ID NO:10>sp|P29965|CD40L HUMAN CD40 ligand OS=Homo sapiens 0X=9606
GN=CD40LG PE=1 sSv=1
MIETYNQTSPRSAATGLPISMKIFMYLLTVFLITOMIGSALFAVYLHRRLDKIEDERNLH
EDFVFMKTIQRCNTGERSLSLLNCEEIKSQFEGEFVKDIMLNKEETKKENSFEMQKGDQONP
QIAAHVISEASSKTTSVLOWAEKGYYTMSNNLVTLENGKQLTVKRQGLYYIYAQVTFCSN
REASSQAPFIASLCLKSPGRFERILLRAANTHSSAKPCGQOSIHLGGVFELQPGASVEVN
VIDPSQVSHGTGFTSEFGLLKL

As used herein, the term “H2A3” has its general meaning in the art and refers to the stone HZA

type 3. An exemplary amino acid sequence for H2A3 is shown as SEQ ID NO:11.
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SEQ ID NO:11>sp|Q7L7L0O|H2A3 HUMAN Histone H2A type 3 OS=Homo sapiens
0X=9606 GN=H2AW PE=1 SV=3
MSGRGKQGGKARAKAKSRSSRAGLOFPVGRVHRLLRKGNYSERVGAGAPVYLAAVLEYLT
AFILELAGNAARDNKKTRIIPRHLOQLATIRNDEELNKLLGRVTIAQGGVLPNIQAVLLPKK
TESHHKAKGK

As used herein, the term “Midkine” has its general meaning in the art and is also known as
NEGF2 (« neurite growth-promoting factor 2 »). An exemplary amino acid sequence for

Midkine is shown as SEQ ID NO:12.

SEQ ID NO:12>sp|P21741|MK HUMAN Midkine OS=Homo sapiens 0X=9606 GN=MDK PE=1
sSv=1

MOHRGFLLLTLLALLALTSAVAKKKDKVKKGGPGSECAEWAWGPCTPSSKDCGVGFREGT
CGAQTQRIRCRVPCNWKKEFGADCKYKFENWGACDGGTGTKVROQGTLKKARYNAQCQETT
RVTKPCTPKTKAKAKAKKGKGKD

As used herein, the term “MFGM” has its general meaning in the art and refers to the

lactadherin. An exemplary amino acid sequence for MFGM is shown as SEQ ID NO:13.

SEQ ID NO:13>sp|Q08431|MFGM HUMAN Lactadherin OS=Homo sapiens O0X=9606
GN=MFGE8 PE=1 SV=3
MPRPRLLAALCGALLCAPSLLVALDICSKNPCHNGGLCEEISQEVRGDVFPSYTCTCLKG
YAGNHCETKCVEPLGLENGNIANSQIAASSVRVTFLGLOQHWVPELARLNRAGMVNAWTPS
SNDDNPWIQVNLLRRMWVTGVVTQGASRLASHEYLKAFKVAYSLNGHEFDFIHDVNKKHK
EFVGNWNKNAVHVNLFETPVEAQYVRLYPTSCHTACTLRFELLGCELNGCANPLGLKNNS
IPDKQITASSSYKTWGLHLESWNPSYARLDKQGNFNAWVAGSYGNDOQWLQVDLGSSKEVT
GIITQGARNFGSVQFVASYKVAYSNDSANWTEYQDPRTGSSKIFPGNWDNHSHKKNLEET
PILARYVRILPVAWHNRIALRLELLGC

As used herein, the term “MMP-12” has its general meaning in the art and refers to the
macrophage metalloelastase. An exemplary amino acid sequence for MMP-12 is shown as SEQ

ID NO:14.

SEQ ID NO:14>sp|P39900|MMP12 HUMAN Macrophage metalloelastase OS=Homo
sapiens 0X=9606 GN=MMP12 PE=1 35V=1
MKFLLILLLOQATASGALPLNSSTSLEKNNVLFGERYLEKFYGLEINKLPVTKMKYSGNLM
KEKIQEMOHFLGLKVTGQLDTSTLEMMHAPRCGVPDVHHFREMPGGPVWRKHYITYRINN
YTPDMNREDVDYAIRKAFQVWSNVTPLKFSKINTGMADILVVEFARGAHGDFHAFDGKGGI
LAHAFGPGSGIGGDAHFDEDEFWTTHSGGTNLFLTAVHEIGHSLGLGHSSDPKAVMFEPTY
KYVDINTFRLSADDIRGIQSLYGDPKENQRLPNPDNSEPALCDPNLSFDAVTTVGNKIFEFF
FKDRFFWLKVSERPKTSVNLISSLWPTLPSGIEAAYEIEARNQVFLEFKDDKYWLISNLRP
EPNYPKSIHSFGFPNEVKKIDAAVENPRFYRTYFEVDNQYWRYDERROMMDPGYPKLITK
NEFQGIGPKIDAVEFYSKNKYYYFFQOGSNQFEYDFLLORITKTLKSNSWEGC

As used herein, the term “Renin” has its general meaning in the art and refers to the renin

receptor. . An exemplary amino acid sequence for MMP-12 is shown as SEQ ID NO:15.



10

15

20

25

30

35

WO 2023/214060 PCT/EP2023/062030
9

SEQ ID NO:15>sp|075787|RENR HUMAN Renin receptor OS=Homo sapiens 0X=9606
GN=ATPOAP2 PE=1 SV=2
MAVFVVLLALVAGVLGNEFSILKSPGSVVFRNGNWPIPGERIPDVAALSMGEFSVKEDLSW
PGLAVGNLFHRPRATVMVMVKGVNKLALPPGSVISYPLENAVPFSLDSVANSIHSLFSEE
TPVVLQLAPSEERVYMVGKANSVEFEDLSVTLRQLRNRLFQENSVLSSLPLNSLSRNNEVD
LLFLSELQVLHDISSLLSRHKHLAKDHSPDLYSLELAGLDEIGKRYGEDSEQFRDASKIL
VDALQKFADDMYSLYGGNAVVELVTVKSFDTSLIRKTRTILEAKQAKNPASPYNLAYKYN
FEYSVVFNMVLWIMIALALAVIITSYNIWNMDPGYDSIIYRMTNQKIRMD

As used herein, the term “high” refers to a measure that is greater than normal, greater than a
standard such as a predetermined reference value or a subgroup measure or that is relatively
greater than another subgroup measure. For example, high levels of the protein of interest refers
to a level of the protein that is greater than a normal level. A normal level may be determined
according to any method available to one skilled in the art. High level of the protein may also
refer to a level that is equal to or greater than a predetermined reference value, such as a
predetermined cutoff. High level of the protein may also refer to a level of the protein wherein
a high protein subgroup has relatively greater levels of the protein than another subgroup. For
example, without limitation, according to the present specification, two distinct patient
subgroups can be created by dividing samples around a mathematically determined point, such
as, without limitation, a median, thus creating a subgroup whose measure is high (i.e., higher
than the median) and another subgroup whose measure is low. In some cases, a “high” level
may comprise a range of level that is very high and a range of level that is “moderately high”

where moderately high is a level that is greater than normal, but less than “very high”.

As used herein, the term “low” refers to a level that is less than normal, less than a standard
such as a predetermined reference value or a subgroup measure that is relatively less than
another subgroup level. For example, low level of the protein means a level of the protein that
is less than a normal level of in a particular set of samples of patients. A normal level of protein
measure may be determined according to any method available to one skilled in the art. Low
level of the protein may also mean a level that is less than a predetermined reference value,
such as a predetermined cutoff. Low level of the protein may also mean a level wherein a low
level protein subgroup is relatively lower than another subgroup. For example, without
limitation, according to the present specification, two distinct patient subgroups can be created
by dividing samples around a mathematically determined point, such as, without limitation, a
median, thus creating a group whose measure is low (i.e., less than the median) with respect to

another group whose measure is high (i.e., greater than the median).
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Asused herein, the term "classification algorithm" has its general meaning in the art and refers
to classification and regression tree methods and multivariate classification well known in the

art such as described in US 8,126,690 and W0O2008/156617.

As used herein, the term “support vector machine (SVM)” is a universal learning machine
useful for pattern recognition, whose decision surface is parameterized by a set of support
vectors and a set of corresponding weights, refers to a method of not separately processing, but
simultaneously processing a plurality of variables. Thus, the support vector machine is useful
as a statistical tool for classification. The support vector machine non-linearly maps its n-
dimensional input space into a high dimensional feature space, and presents an optimal interface
(optimal parting plane) between features. The support vector machine comprises two phases: a
training phase and a testing phase. In the training phase, support vectors are produced, while
estimation is performed according to a specific rule in the testing phase. In general, SVMs
provide a model for use in classifying each of n subjects to two or more disease categories based
on one k-dimensional vector (called a k-tuple) of biomarker measurements per subject. An
SVM first transforms the k-tuples using a kernel function into a space of equal or higher
dimension. The kernel function projects the data into a space where the categories can be better
separated using hyperplanes than would be possible in the original data space. To determine the
hyperplanes with which to discriminate between categories, a set of support vectors, which lie
closest to the boundary between the disease categories, may be chosen. A hyperplane is then
selected by known SVM techniques such that the distance between the support vectors and the
hyperplane is maximal within the bounds of a cost function that penalizes incorrect predictions.
This hyperplane is the one which optimally separates the data in terms of prediction (Vapnik,
1998 Statistical Learning Theory. New York: Wiley). Any new observation is then classified
as belonging to any one of the categories of interest, based where the observation lies in relation
to the hyperplane. When more than two categories are considered, the process is carried out
pairwise for all of the categories and those results combined to create a rule to discriminate

between all the categories.

As used herein, the term "Random Forests algorithm" or "RF" has its general meaning in the
art and refers to classification algorithm such as described in US 8,126,690 or WO2008/156617.
Random Forest is a decision-tree-based classifier that is constructed using an algorithm
originally developed by Leo Breiman (Breiman L, "Random forests," Machine Learning 2001,

45:5-32). The classifier uses a large number of individual decision trees and decides the class
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by choosing the mode of the classes as determined by the subject trees. The subject trees are
constructed using the following algorithm: (1) Assume that the number of cases in the training
set is N, and that the number of variables in the classifier is M; (2) Select the number of input
variables that will be used to determine the decision at a node of the tree; this number, m should
be much less than M; (3) Choose a training set by choosing N samples from the training set
with replacement; (4) For each node of the tree randomly select m of the M variables on which
to base the decision at that node; (5) Calculate the best split based on these m variables in the

training set.

Methods of the present invention:

Accordingly, the first object of the present invention relates to a method of predicting the
clinical outcome of a patient suffering from chronic obstructive pulmonary disease (COPD)
comprising the steps consisting of determining the level of a least on protein selected from the
group consisting of BTK, Cyclophilin F, Tropomyosin 4, FGF-16, AREG, SHC1, 14-3-3
protein /o, elF-4H, CD40 ligand, H2A3, Midkine, MFGM, MMP-12, Renin and Carbonic

anhydrase XIII wherein said level indicates the clinical outcome.

In some embodiments, the level of 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14 or 15 proteins is

determined in the blood sample.

Typically, the level of the protein is determined by an immunoassay. Such assays include, for
example, competition assays, direct reaction assays sandwich- type assays and immunoassays
(e.g. ELISA). The assays may be quantitative or qualitative. There are a number of different
conventional assays for detecting formation of an immunocomplex. For example, the detecting
step can comprise performing an ELISA assay, performing a lateral flow immunoassay,
performing an agglutination assay, analyzing the sample in an analytical rotor, or analyzing the
sample with an electrochemical, optical, or opto-electronic sensor. These different assays are
well-known to those skilled in the art. In some embodiments, the devices are useful for
performing an immunoassay according to the present invention. For example, in some
embodiments, the device is a lateral flow immunoassay device. In some embodiments, the
device is an analytical rotor. In some embodiments, the device is a dot blot. In some
embodiments, the device is a tube or awell, e.g., in a plate suitable for an ELISA assay. In some

embodiments, the device is an electrochemical sensor, an optical sensor, or an opto-electronic
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sensor. The presence and amount of the immunocomplex may be detected by methods known
in the art, including label- based and label-free detection. For example, label-based detection
methods include addition of a secondary antibody that is coupled to an indicator reagent
comprising a signal generating compound. The secondary antibody may be an anti-human IgG
antibody. Indicator reagents include chromogenic agents, catalysts such as enzyme conjugates,
fluorescent compounds such as fluorescein and thodamine, chemiluminescent compounds such
as dioxetanes, acridiniums, phenanthridiniums, ruthenium, and luminol, radioactive elements,
direct visual labels, as well as cofactors, inhibitors and magnetic particles. Examples of enzyme
conjugates include alkaline phosphatase, horseradish peroxidase and beta-galactosidase.
Methods of label-free detection include surface plasmon resonance, carbon nanotubes and
nanowires, and interferometry. Label- based and label-free detection methods are known in the
art and disclosed, for example, by Hall et al. (2007) and by Ray et al. (2010) Proteomics 10:731-
748. Detection may be accomplished by scanning methods known in the art and appropriate for
the label used, and associated analytical software. In some embodiments, fluorescence labeling
and detection methods are used to detect the immunocomplexes. A particularly useful assay
format is a lateral flow immunoassay format. Antibodies to human or animal (e.g., dog, mouse,
deer, etc.) immunoglobulins, or staph A or G protein antibodies, can be labeled with a signal
generator or reporter (e.g., colloidal gold) that is dried and placed on a glass fiber pad (sample
application pad or conjugate pad). Another assay is an enzyme linked immunosorbent assay,
i.e, an ELISA. Typically, in an ELISA, the proteins are adsorbed to the surface of a microtiter
well directly or through a capture matrix (e.g., an antibody). Residual, non-specific protein-
binding sites on the surface are then blocked with an appropriate agent, such as bovine serum
albumin (BSA), heat-inactivated normal goat serum (NGS), or BLOTTO (a buffered solution
of nonfat dry milk which also contains a preservative, salts, and an antifoaming agent). The
well is then incubated with the sample. The sample can be applied neat, or more often it can be
diluted, usually in a buffered solution which contains a small amount (0.1-5.0% by weight) of
protein, such as BSA, NGS, or BLOTTO. After incubating for a sufficient length of time to
allow specific binding to occur, the well is washed to remove unbound protein and then
incubated with an optimal concentration of an appropriate anti-immunoglobulin antibody (e.g.,
for human subjects, an anti-human immunoglobulin (¢Hulg) from another animal, such as dog,
mouse, cow, etc. that is conjugated to an enzyme or other label by standard procedures and 1s
dissolved in blocking buffer. The label can be chosen from a variety of enzymes, including
horseradish peroxidase (HRP), beta-galactosidase, alkaline phosphatase, glucose oxidase, etc.

Sufficient time is allowed for specific binding to occur again, then the well is washed again to
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remove unbound conjugate, and a suitable substrate for the enzyme is added. Color is allowed
to develop and the optical density of the contents of the well is determined visually or

instrumentally (measured at an appropriate wave length).

In some embodiments, multiplexing quantification is carried-out. In particular, determining the
level of proteins in the samples may use one or more affinity reagents specific for the defined
panel of proteins; physically contacting the panel with the sample identifying and quantitating
the proteins that bind to the panel. A variety of different assays can be used to quantify the
levels of such proteins. Multiplex arrays in several different formats based on the utilization of,
for example, flow cytometry, chemiluminescence or electron-chemiluminesence technology,
are well known in the art. Flow cytometric multiplex arrays, also known as bead-based
multiplex arrays, include the Cytometric Bead Array (CBA) system from BD Biosciences
(Bedford, Mass.) and multi-analyte profiling (xMAP®) technology from Luminex Corp.
(Austin, Tex.), both of which employ bead sets which are distinguishable by flow cytometry.
Each bead set is coated with a specific capture antibody. Fluorescence or streptavidin-labelled
detection antibodies bind to specific capture antibody-biomarker complexes formed on the bead
set. Multiple biomarkers can be recognized and measured by differences in the bead sets, with
chromogenic or fluorogenic emissions being detected using flow cytometric analysis. In some
embodiments, a multiplex ELISA coat multiple specific capture antibodies at multiple spots
(one antibody at one spot) in the same well on a 96-well microtiter plate. Chemiluminescence
technology is then used to detect multiple biomarkers at the corresponding spots on the plate.
Determining the level of the proteins described herein can also be conducted using
ProcartaPlex® Multiplex Immunoassays purchasable from Thermofischer. ProcartaPlex
Multiplex Immunoassays are bead-based assays for protein quantification based on the
principles of a sandwich ELISA with the use of Luminex® xMAP® (multi-analyte profiling)
technology.

In some embodiment, high levels of: AREG, FGF-16, SHCI, 14-3-3 protein B/a, elF-4H,
Tropomyosin 4, Cyclophilin F, Carbonic anhydrase XIII, H2A3, CD40 ligand, BTK and low
levels of: midkine, Lactadherin, MMP-12, renin indicate a low risk of worsening and/or high
levels of: Midkine, Lactadherin, MMP-12, renin and low levels of: AREG, FGF-16, SHC1, 14-
3-3 protein /o, elF-4H, Tropomyosin 4, Cyclophilin F, Carbonic anhydrase XIII, H2A3, CD40
ligand, BTK indicate a high risk of worsening.
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In some embodiments, the method of the present invention further comprises comparing the
level of protein with a predetermined reference value wherein detecting a difference between
the level of the protein and the predetermined reference value indicates the clinical outcome
(e.g. the risk of worsening). Typically, when the levels of protein are higher than the
predetermined reference value, it is concluded that the patient has a low risk of worsening and
conversely, when the levels of protein are lower than the predetermined reference value, it is

concluded that the patient has a high risk of worsening.

In some embodiments, the predetermined reference value is a relative to a number or value
derived from population studies, including without limitation, subjects of the same or similar
age range, subjects in the same or similar ethnic group, and subjects having the same severity
of COPD (e.g. the same GOLD stage). Such predetermined reference values can be derived
from statistical analyses and/or risk prediction data of populations obtained from mathematical
algorithms and computed indices. In some embodiments, retrospective measurement of the
level of the protein in properly banked historical subject samples may be used in establishing
these predetermined reference values. Accordingly, in some embodiments, the predetermined
reference value is a threshold value or a cut-off value. The threshold value has to be determined
in order to obtain the optimal sensitivity and specificity according to the function of the test and
the benefit/risk balance (clinical consequences of false positive and false negative). Typically,
the optimal sensitivity and specificity (and so the threshold value) can be determined using a
Receiver Operating Characteristic (ROC) curve based on experimental data. For example, after
determining the level of the protein in a group of reference, one can use algorithmic analysis
for the statistic treatment of the measured levels of the protein in samples to be tested, and thus
obtain a classification standard having significance for sample classification. The full name of
ROC curve is receiver operator characteristic curve, which is also known as receiver operation
characteristic curve. It is mainly used for clinical biochemical diagnostic tests. ROC curve is a
comprehensive indicator that reflects the continuous variables of true positive rate (sensitivity)
and false positive rate (1-specificity). It reveals the relationship between sensitivity and
specificity with the image composition method. A series of different cut-off values (thresholds
or critical values, boundary values between normal and abnormal results of diagnostic test) are
set as continuous variables to calculate a series of sensitivity and specificity values. Then
sensitivity is used as the vertical coordinate and specificity is used as the horizontal coordinate
to draw a curve. The higher the area under the curve (AUC), the higher the accuracy of

diagnosis. On the ROC curve, the point closest to the far upper left of the coordinate diagram
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is a critical point having both high sensitivity and high specificity values. The AUC value of
the ROC curve is between 1.0 and 0.5. When AUC>0.5, the diagnostic result gets better and
better as AUC approaches 1. When AUC is between 0.5 and 0.7, the accuracy is low. When
AUC is between 0.7 and 0.9, the accuracy is moderate. When AUC is higher than 0.9, the
accuracy 1s quite high. This algorithmic method is preferably done with a computer. Existing
software or systems in the art may be used for the drawing of the ROC curve, such as: MedCalc
9.2.0.1 medical statistical software, SPSS 9.0, ROCPOWER.SAS, DESIGNROC.FOR,
MULTIREADER POWER.SAS, CREATE-ROC.SAS, GB STAT VIO.0 (Dynamic
Microsystems, Inc. Silver Spring, Md., USA), etc.

In some embodiments, the method of the present invention further comprises a step consisting
of calculating a score, representing an estimation of the clinical outcome and/or risk of
worsening. Typically, the score is based on the level of one or more protein(s) determined in
the blood sample and may typically include another factor. Typically, other risk factors may
include additional features such as age, gender, obesity, diabetes mellitus, current or former
smoking, body mass index... In some embodiments, the other risk factor is the GOLD stage.
Based the above input features obtained from the subject, an operator can calculate a numerical
function of the above list of inputs by applying an algorithm. For instance, this numerical
function may return a number, i.e. score (R), for instance between zero and one, where zero 1s
the lowest possible risk indication and one is the highest. This numerical output may also be
compared to a threshold (T) value between zero and one. If the risk score exceeds the threshold
T, it is meant than the patient has a poor clinical outcome and/or a high risk of worsening and
if the risk score is under the threshold T, it is meant than the patient has good clinical outcome

and/or a low risk of worsening.

In some embodiments, the method of the invention thus comprises the use of an algorithm. In
some embodiments, the algorithm is a classification algorithm typically selected from
Multivariate Regression Analysis, Linear Discriminant Analysis (LDA), Topological Data
Analysis (TDA), Neural Networks, Support Vector Machine (SVM) algorithm and Random

Forest algorithm (RF). In some embodiments, the score is generated by a computer program.

In some embodiments, the method of the present invention thus comprises a) determining the

level of one or more protein(s) in the sample obtained from the subject; b) implementing an
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algorithm on data comprising the level of the protein(s) so as to obtain an algorithm output; c)

determining the clinical outcome and/or the risk of worsening.

The invention will be further illustrated by the following figures and examples. However, these
examples and figures should not be interpreted in any way as limiting the scope of the present

invention.

FIGURES:

Figure 1: Study flow diagram. Stable COPD patients (n=241) were included in the COBRA
cohort at Visit 1 and serum SOMAscan analyses were performed. Two COPD clusters, Cluster
1 (n=126) and Cluster 2 (n=115) with distinct protein expression patterns were identified
through unsupervised hierarchical clustering. The differentially expressed proteins in Cluster 2
were submitted to Gene Ontogeny (GO) pathways analysis for further functional enrichment
study, then median expression values were generated for each COPD cluster. Association
studies were performed between COPD clusters or corresponding protein and clinical
parameters. The evolution of the clinical outcomes and of proteomic profiles was assessed in
163 COPD patients out of the 241 having a second visit. Expression patterns associated with
Cluster 1 (n=97) and Cluster 2 (n=66) were verified in COBRA cohort at Visit 2. Protein
signatures representative of each COPD cluster were identified to monitor clinical patient
stability at Visit 2. SOMAscan data obtained in the COBRA cohort were validated in a separate
group of 47 COPD patients originating from the Melbourne Longitudinal COPD Cohort

(MLCC) cohort. Serum samples from n=50 healthy subjects were included for comparisons.

Figure 2. Changes in COPD clustering and subtypes at Visit 2. Changes in the levels of the
15 selected proteins at visits 1 and 2 in COPD patients switching of from C1 to C2 and from
C2 to C1. Data are expressed as median log2 signal intensity and they are medians (95% CI) of
the number of patients in each group, as indicated in brackets on the top of the panel. On the
left side, are shown the biological functions attributed to each protein. Comparisons were made

by Friedman Rank test and bold denotes statistical significance.

EXAMPLE:
Methods
Study populations
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Between March 2007 and November 2016, 241 stable COPD patients aged between 46 and 82
years were included in the COBRA cohort (17,18) (CPP Ile-de-France I Ethics Committee, n°
09-11962) and written informed consent was obtained before inclusion. Demographic and
clinical variables are listed in Table 3. Peripheral blood was obtained to determine total and
differential leukocyte counts and to obtain serum aliquots for the measurement of the levels of
hemoglobin and of C reactive protein (CRP) and for SOMAscan analyses. The evolution of the
clinical outcomes and of proteomic profiles was assessed in 163 COPD patients out of the 241
having a follow up visit 7.5 + 6.6 months (mean + SD) after inclusion (Table 3). SOMAscan
data obtained in the COBRA cohort were validated in a separate series of 47 COPD patients
originating from the Melbourne Longitudinal COPD Cohort (MLCC) cohort, that was
established to study the aetiology of frequent exacerbators in a community setting (Table 4)
(19). Serum samples from n=50 control healthy subjects were used for comparisons (see study

flow diagram in Figure 1).

SOMAscan proteomic assay

Total of 1305 analytes were quantified in patient serum using the SOMAscan high throughput
proteomic assay (SomalLogic, Boulder, CO) at National Jewish Health (Denver, CO) (20). The
raw SOMAscan data were standardized according to manufacturer’s instructions
(http://somalogic.com/wp-content/uploads/2017/06/SSM-071-Rev-0-Technical-Note-

SOM Ascan-Data-Standardization.pdf) and log2 transformed for downstream analyses. Proteins

were described in the manuscript using SOMAscan target names.

Data processing

Unsupervised clustering was performed using R and differential expression analyses between
the two clusters were conducted using Limma package (21). Proteins with Fold change >1.5
and False discovery rate (FDR)<0.05 were defined as significant. Functional analyses of the
differentially expressed proteins were performed according to GO. For two group comparisons,
t test was performed for data with normal distribution and Wilcoxon Rank Sum test was
performed when normal distribution cannot be assumed. Pearson and Spearman correlation was
performed for data with normal and unnormal distribution, respectively. ANOVA or Kruskall-
Wallis, followed by Fisher exact test and Friedman Rank test were performed for multi-group
and binary data comparisons, respectively. Additional statistical analyses and plots, including

volcano plots and heatmaps were generated in R, SAS/JMP 15.2.1 or GraphPad Prism 8 (see
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online supplement for details). Data processing, bioinformatical approaches and statistical

analyses are described in details in the online supplement and illustrated in Figure 1.

Results

Study populations

Comparison of GOLD stage distribution, smoking habits, respiratory function, and medication
in COPD patients of the COBRA cohort were comparable in the 163 COPD patients having
two visits (Table 3). In contrast, there was a significant reduction in the incidence of patients
having exacerbations (P=0.003) at Visit 2, as compared to Visit 1 (Table 3). When compared
to the 163 COPD patients with 2 visits at inclusion, the remaining 78 patients having only Visit
1 had less severe disease, as shown by their higher distribution into GOLD 1 group, values of %
predicted post-bronchodilator FEV1 and FEV1/FVC, DLCO, unscheduled medical visits, OCS
use, but similar onset and number of exaberbations and comorbidities (Table 3).

The 47 COPD patients from the MLCC cohort were more severe and symptomatic in
comparison to those from the COBRA cohort, in terms of GOLD stage, airflow obstruction,
incidence of cough, treatments with muscarinic antagonists, long-term inhaled steroids (ICS)

and oxygen therapy (Tables 3 and 4).

Unsupervised hierarchical clustering at inclusion

Unsupervised hierarchical clustering led to the identification of two clusters of the 241 COPD
subjects at inclusion (126 patients in Cluster 1 and 115 in Cluster 2) with distinct protein
expression patterns. A total of 96 proteins showed significantly differential expression between
the two clusters (fold change >1.5 and FDR<0.05). Of these, 90 and 6 proteins showed
significantly higher levels in Cluster 2 and in Cluster 1, respectively (Data not shown and Table
1). We generated a score for the median expression of the 90 proteins associated with Cluster

2 and confirmed a significant difference between the two clusters (Data not shown).

Association between biological pathways and COPD clusters

To characterize the biological processes and molecular function associated with each subtype
of COPD subjects, we performed GO pathway analysis on the Top 90 up-regulated proteins in
Cluster 2 (FDR<0.0001). Our data highlighted the enrichement of this cluster in hallmarks
related to lung  immunity/host  defense, cell fate/repair/remodelling and

mitochondrial/metabolic activities (Data not shown and Tables 1 and 5).
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Clinical characteristics of Cluster 1- and Cluster 2- COPD patients

Then, we examined whether the two subtypes of COPD exhibited distinct clinical
characteristics by considering most of the parameters used to describe the COBRA cohort at
inclusion (Table 2). Patients from Cluster 2 had a lower incidence and number of exacerbations
and of unscheduled medical visits in the previous year, compared with those from Cluster 1
(Table 2). The proportion of COPD patients with emphysema, as assessed by CT scan and/or
by the measurement of transfer factor of the lung for carbon monoxide (DLCO), was also lower
in Cluster 2 than in Cluster 1 (Table 2). Further, Cluster 2 patients had a lower prevalence of
hypertension, diabetes and obstructive sleep apnea (Table 2). In addition, the proportion of
patients requiring long-acting [2-agonists (LABA) alone was significantly lower in Cluster 2
than in Cluster 1 and this was accompanied by a trend towards a lower rate of patients treated
with LABA, in combination with long-lasting muscarinic antagonists (LAMA) (Table 2). In
contrast, the incidence of ICS use, alone or in combination with LABA and LAMA, was not
significantly different between the two clusters (Table 2).

Finally, the proportion of COPD patients necessitating anti-hypertensive drugs, statins, or other
therapies was lower in Cluster 2 than in Cluster 1 (Table 2). No difference was observed
between the two clusters in terms of GOLD stages, biology, respiratory function, symptoms

and serum levels of CRP (data not shown).

Correlation between cluster-associated and key clinical parameters

Correlation analyses showed positive associations between lower incidence of exacerbations
and/or prevalence of emphysema and circulating levels of different biomarkers implicated in
the regulation of EGFR signalling pathways (eg. SHC1, AREG, GRB2 adapter protein), of host
defense and innate immune responses (BTK), oxidant stress and hypoxia (eg. cyclophilin F, a-
Synclein and Carbonic anhydrase XIII, 14-3-3 protein p/a and /6, BAD), wound healing,
migration and survival (eg. Tropomyosin 4, 14-3-3 protein B/a and /6, elF-5A-1, FGF-16,
PA2G4, TCTP, BAD), as well as some components of epithelial-mesenchymal remodelling
(eg. RACI1, GRB2 adapter protein, ARGII, Prostatic binding protein, DRG-1, CPNE1).
Positive correlations were also found between lower prevalence of emphysema and levels of
biomarkers of T cell activation (CD40 ligand), metabolism (M2-PK and 6-phosphogluconate
dehydrogenase) and proteostasis (eg. Ubiquitin+1, SUMO3, UBC9, Sorting nexin 4, SNAA,
UFM1) (Data not shown).

Finally, a negative association was found between serum levels of MMP-12 and renin, which

were up-regulated in Cluster 1, and lower prevalence of emphysema (Data not shown).
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Investigation of Clusters 1 and 2 in an independent COPD cohort and in healthy subjects
We next validated these clusters in another COPD population consisting of 47 subjects (19).
Unsupervised hierarchical clustering, with the top 10% proteins by expression variation,
showed two clusters within these COPD subjects (34 and 13 subjects in Clusters 1 and 2,
respectively) where 125 proteins were differentially expressed between Cluster 1 and Cluster 2
(Fold change>1.5 and FDR<0.05) (Data not shown). While 114 proteins were significantly up-
regulated in Cluster 2, 71 of these (62%), overlapped with the proteins that were higher in
Cluster 2 of the COBRA cohort at visit 1 (Data not shown). We also found no similarities
between the 2 cohorts regarding the few down-regulated proteins in Cluster 2. We calculated
the score (median expression) of the 90 Cluster 2-associated proteins defined in the COBRA
cohort, and showed that it was significantly up-regulated in Cluster 2, as compared to Cluster
1 in the MLCC cohort (Data not shown).

Comparisons of the clinical parameters between the two clusters showed significant lower
prevalence of emphysema and of incidence of hospitalizations for COPD during the last 12
months, as well as a diminished requirement of treatment with LABA in Cluster 2 compared to
Cluster 1 (Table 6). This was accompanied by a non significant trend towards a lower onset of
exacerbations and of cardio-metabolic co-morbidities (Table 6).

To determine whether the subtyping was specific of COPD, we performed the same analyses
in serum samples from a group of 50 healthy donors. Although hierarchical clustering generated
two subtypes within the healthy cohort, the differential expression of Cluster 2-associated
proteins, as defined in the COBRA cohort, was vere weak and it was not observed in these
subjects (median log2 signal intensity between Cluster 1 (n=19 subjects) and Cluster 2 (n=31
subjects) [95% CI]: 10.6 [10.5-10.7] and 10.7 [10.6-10.8 ], respectively, P=0.13).

Generation of protein signatures predictive of the newly identified COPD endotypes

To establish a short protein signature reflecting changes in clinical outcomes in relation with
lung biological processes, we generated a fingerprint of 15 biologically relevant biomarkers
composed of 10% of the top 96 differentially expressed proteins that were selected from the
different GO biological processes identified (Data not shown). These biomarkers included 11
and 4 proteins representative of Cluster 2 and 1, respectively (Data not shown). Specifically,
Cluster 2-associated Metabolism/Mitochondria markers, namely Cyclophilin F, Carbonic
anhydrase XIII and H2A3, were sorted from GO pathways involved in mitochondrial

membrane organization and permeability and cellular response to oxidative stress and to
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environmental stimulus, respectively, whereas Immunity/Defense markers, including BTK and
CD40 ligand, were sorted from activation of innate immune response and T cell regulation,
respectively (Data not shown). To cover the different aspects of Cell fate/Repair/Remodeling
processes, rational ranking of differentially expressed proteins led to the prioritization of: 1) the
representative transcription factor, elF-4H, that is involved in the post-translational regulation
of gene expression; 2) the two growth factors, AREG and FGF-16, that promote tissue
regeneration through ERBB signaling pathway and that positively regulate cell proliferation;
3) the cytosolic protein regulating cell proliferation, SHC1, 4) the key regulator of apoptotic
and nutrient-sensing signaling, 14-3-3 protein [B/o; and 5) the tissue-remodeling mediator,
Tropomypsin 4, that is involved in actin filament organisation. Lastly, to predict Cluster 1-
COPD endotype, a selection of 4 of the 6 down-regulated proteins in Cluster 2 (Data not
shown), was performed, after exclusion of C3b that failed to show any differential expression
in the MLCC cohort. These 4 proteins included two hallmarks of tissue injury (MMP-12 and
renin) and two modulators of lung immune responses (Midkine and Lactadherin - MFGM)

(Figure 2).

Follow-up analysis at second visit

To determine whether the 2 clusters were maintained in the 163 subjects from COBRA cohort
during a follow-up visit, we first performed unsupervised hierarchical clustering on these
subjects using the top 10% proteins by expression variation. Consistent with the results at
inclusion, we confirmed the existence of two distinct expression patterns at Visit 2 (97 subjects
in Cluster 1 and 66 subjects in Cluster 2) (Data not shown). The expression of 86 proteins was
significantly different between the two clusters (Fold change>1.5 and FDR<0.05), with 83 up-
regulated and 3 down-regulated in Cluster 2 when compared to Cluster 1. Seventy-five out of
these 83 upregulated proteins (eg. 90%) were also elevated in Cluster 2 at the initial visit, while
one of the 3 down-regulated proteins in Cluster 2 (eg. Lactadherin) was also reduced in Cluster
2 at Visit 1. Furthermore, the protein score (median expression) of the 90 Cluster 2-associated
proteins defined at Visit 1 was significantly higher in Cluster 2 at Visit 2, than at Visit 1 (Data
not shown).

Next, we demonstrated that clustering pattern was significantly consistent between the two
visits, with 108 subjects among 163 showing the same cluster identify (68 for Cluster 1 and 40
for Cluster 2) (P<0.001, Fisher exact test). However, 55 subjects changed their cluster identity
(29 switched from Cluster 1 at Visit 1 to Cluster 2 at Visit 2, 26 switched from Cluster 2 at Visit
1 to Cluster 1 at Visit 2) (Data not shown). COPD patient switching from to Cluster 1 to 2
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displayed lower incidence of exacerbations, of unscheduled medical visits and of
hospitalizations for COPD in the previous year. In contrast, COPD patients switching from
Cluster 2 to 1 showed a significant higher incidence of hospitalizations for COPD and of LAMA
use (Data not shown).

By monitoring the expression pattern of the 15 biomarkers of the protein signature in the 163
patients that attended both Visits 1 and 2, we were able to map the 2 groups of COPD patients
(n=55) that exibited cluster switching, eg. Cluster 2 to 1, or the opposite, while the remaining
108 patients showed similar expression pattern at both visits (Figure 2). The levels of AREG,
FGF-16, SHC1, 14-3-3 protein B/o, elF-4H, Tropomyosin 4, Cyclophilin F, Carbonic
anhydrase XIII, H2A3, and BTK were upregulated, whereas those of lactadherin and MMP-12
were reduced in COPD patients switching from Cluster 1 to Cluster 2 at Visit 2 (Data not shown
and Figure 2). Mirrorring these changes, the 11 proteins associated with Cluster 2 were
significantly down-regulated in COPD patients switching from Cluster 2 to Cluster 1 at Visit 2,
whereas those of Midkine, Lactadherin, MMP-12 and renin were increased (Data not shown

and Figure 2).

Discussion

Using SOMAscan, we profiled the serum levels of 1305 proteins in 241 patients with COPD
from the COBRA cohort (18) and identified two distinct clusters defined by the differential
expression of 96 proteins. These two clusters appeared to be clinically relevant since Cluster 2
showed lower number and incidence of acute exacerbations, unscheduled medical visits,
hospitalizations for COPD within the previous year and reduced prevalence of emphysema than
Cluster 1.

Lung function was not different between the 2 Clusters, which could be explained by the
elevated proportion of patients of GOLD stages 1 and 2 in the COBRA cohort.

The occurrence of co-morbidities, particularly hypertension, diabetes and obstructive sleep
apnoea, the need of LABA and of treatements for cardiovascular and metabolic comorbidities
(1.e., anti-hypertensive drugs and statins), were also lower in Cluster 2 than in Cluster 1.

We also confirmed the presence of these 2 patient endotypes with a significant conservation of
cluster-associated proteins in 47 COPD patients of the MLCC cohort (19). Although we
acknowledge that this low number of patients represents a study limitation, we observed a
reduction in the prevalence of emphysema and on the incidence of hospitalizations for COPD
during the last 12 months in Cluster 2, compared to Cluster 1 and a trend towards a lower

occurrence of exacerbations and of cardio-metabolic co-morbidities. These data suggest that
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the SOMAscan technique offers a powerful and largely reproducible screening tool to identify
specific serum biomarkers predictive of new COPD-related endotypes.

Through computational annotation, combined to protein mapping into GO pathways of the
Cluster-associating proteins in the COBRA cohort, we showed that serum samples of patients
in Cluster 2 were significantly enriched in hallmarks of cell fate/remodelling/repair,
proteostasis (metabolism and mitochondria) and lung immunity/defense. This was
accompanied by an  upregulation of  biological processes involved in
epithelial/mesenchymal/vascular remodelling, pro-survival signals and cell renewal activity,
and in metabolic signalings including lung hypoxic, metabolic and mitochondrial pathways.
These changes may reflect high protein turnover and glycolytic activity, mitochondrial
functions and proteostasis that are aimed at maintaining mucosal barrier under oxidative stress
during lung remodelling in COPD (22). Consistently, previous data reported a rise in proteins
involved in glycolysis/gluconeogenesis pathways and in folding/aggregation processes in
patients with COPD (23,24). This enhanced glycolytic activity may regulate metabolic energy
in proliferating immune and structural cells upon tissue remodelling under oxidative stress.

To distinguish between the different COPD clusters, we refined the top 96 differentially
expressed proteins into a clinically feasible fingerprint composed of 15 biologically relevant
biomarkers, that included 4 and 11 up-regulated proteins in Cluster 1 and Cluster 2,
respectively.

The 11 up-regulated biomarkers included the pro-survival protein, 14-3-3 protein /o, the
transcription factor regulating stem cell renewal, e[F4H, and the growth factors promoting stem
cell activity, AREG, SHC1 and FGF-16. These factors have been reported to promote tissue
repair (25-28), suggesting that Cluster 2-COPD patients exhibit a better lung regeneration than
those in Cluster 1. The mesenchymal biomarker, Tropomyosin 4, was also augmented in Cluster
2 patients. This protein was initially documented for its actin-binding properties in muscle cells
and its expression increased in muscle fibres of diaphragm of COPD patients upon adaptation
aimed at increasing resistance to fatigue (29). Recently, a role of Tropomyosin 4 in the
regulation of adhesion, division, motility and apoptosis in non-muscular cells was also
suggested (30).

Carbonic anhydrase XIII, that was also elevated in Cluster 2 patients, is a protein responsible
for carbon dioxide hydration and, therefore, it is considered as one of the main hallmarks of
systemic and local oxidative stress and nitration. The expression of carbonic anhydrase XIII
was shown to be decreased in skeletal muscles of COPD patients and it was inversely correlated

with loss of force (31). Together, these findings suggest that elevated levels of Tropomyosin 4
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and of Carbonic anhydrase XIII in Cluster 2 COPD patients translate a better efficiency of the
antioxidant systems to improve muscle dysfunction in response to chronic exercise (32).
Representative hallmarks of proteostasis (eg. Cyclophilin F, Carbonic anhydrase XIII and
H2A3) , and of innate immune response, host defense and inflammasome activity (BTK and
CD40 ligand) (32-35) were also more evelated in Cluster 2, than in Cluster 1 COPD patients.
Cyclophilin F is a ubiquitously expressed protein belonging to the immunophilin family, that
has been involved in protein folding, trafficking, T-cell activation and mitochondrial
permeability (36). Cyclophilins are secreted under inflammatory stimuli and oxidative stress,
including in COPD (37). Elevation of these proteins, together with that of BTK and CD40
ligand, suggest an improved immune and inflammatory responses upon lung injury and
oxidative stress in Cluster 2-COPD patients.

Finally, among the 4 proteins of our fingerprint that were upregulated in Cluster 1, Midkine
and, Lactadherin (MFGM), have been shown to be elevated during several chronic immune and
metabolic disorders, such as atherosclerosis, cardiac, kidney and metabolic diseases (38—40).
Elevated levels of these proteins are consistent with higher incidence of hypertension, diabetes
and use of anti-hypertensive drugs and statins and they support the contribution of
cardiometabolic co-morbidities in COPD severity (6). The levels of MMP-12 were also higher
in Cluster 1 than in Cluster 2 patients and this was associated with a greater prevalence of
emphysema. This finding is consistent with the crucial role played by this protease in lung
injury secondary to degradation of various extracellular matrix components seen in COPD (41).
Likewise, elevated renin, an enzyme involved in the renin-angiotensin II-aldosterone axis that
regulates blood pressure, was associated with higher prevalence of hypertension in Cluster 2
patients (42).

Profiling serum protein at Visit 2 showed that approximately 34% of COPD patients switched
their clusters. This switch was not linked to acute events (eg. exacerbations, pneumonia), or to
co-morbidities, all patients being in a stable state during the month preceding blood sampling.
Patients switching from Cluster 1 to Cluster 2 (18%) showed significant lower incidence of
exacerbations, of unscheduled medical visits and of hospitalizations for COPD, whereas
switching from Cluster 2 to Cluster 1 (16%) was associated with an increase in the onset of
hospitalizations for COPD, with a trend towards a higher prevalence of emphysema and with a
lower incidence of treatment with LAMA. Inadequate LAMA use may explain, at least in part,
a lower beneficial clinical response observed in these patients.

Importantly, the 15-protein signature allowed the monitoring of COPD subjects that switched

their clusters at a follow-up visit. Thus, patients switching from Cluster 1 to Cluster 2 had higher
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levels of 10 out of the 11 Cluster 2-associated proteins that are involved in cell fate, remodeling
and repair (AREG, FGF-16, SHC1, 14-3-3 protein 3/c., elF-4H and Tropomyosin 4), in those
regulating metabolism and mitochondrial funtions (cyclophilin F and carbonic anhydrase XII),
and in BTK CD40 ligand, that participate in immune responses and host defense. These results
mirrored those obtained in patients switching from Cluster 2 to Cluster 1, where the levels of
most of these proteins were downregulated at Visit 2, compared to Visit 1, while Cluster 1-
associated biomarkers (Midkine, Lactadherin -MFGM-, MMP-12 and renin) were upregulated.
These findings suggest the existence of an imbalance of immune responses associated with
increased tissue damage in these patients.

Overall, this study identified a signature of 15 proteins that characterized two different COPD
phenotypes and distinguished clinically stable from unstable patients. These proteins are major
contributors of tissue injury, remodeling and repair, immunity and defense, and skeletal muscle
dysfunction, suggesting that enhanced tissue renewal and remodeling, in compensation of tissue
degradation mechanisms, and an improvement of immune and host defense responses to foreign
insults, particularly tobacco smoke, contributed to a better disease outcome.

Of significance, FGF-16, a growth factor contributing to tissue regeneration (25,26), may
represent a starting point for the development of new therapeutics. Consistently, the airway
administration of FGF-2, another member of FGF family promoting tissue repair, was reported
to reduce emphysema and to enhance lung repair in vivo, possibly by attenuating inflammation
and alveolar cell death (43). In addition, randomised clinical trials performed in patients with
periodontitis and osteoarthritis, two chronic inflammatory diseases with progressive tissue
degeneration, demonstrated improved tissue repair upon the administration of recombinant
human FGF-2 (44,45). Whether FGF-16 promotes similar beneficial effects in COPD patients
deserves further investigation.

In conclusion, the clinical use of this signature would allow a better management of COPD
patients in terms of monitoring, treatment options, selection for inclusion in clinical trials and

for evaluating novel therapies.

TABLES:

Table 1: Biological classification of the top 90 proteins enriched in Cluster 2 patients

Biological processes (originating

from the GO database) Proteins

AREG, GRB2 adapter protein,
e ERBB signalling pathway SRCNI1, PDPK1, PKC-A, SHC1
MKO1

2
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e Wound healing

e Posttranscriptional regulation of gene
expression

e Negative regulation of programmed cell
death

e Positive regulation of cell proliferation

e Positive regulation of cell
differentiation

e Positive regulation of developmental
process

e Cellcycle

e Regulation of myeloid leukocyte
mediated immunity

e Fc- receptor signalling pathway

e Activation of innate immune response

e Regulation of T cell activation

PCT/EP2023/062030

PKC-B-II, VAV, SRCN1, LYN,
SMAD?2, LYNB, Caspase-3,
PDPK1, RACI1, Haemoglobin,
METAP1, PRKACA, annexin I,
PKC-A, FYN, 14-3-3 protein /0,
PTP-1C, GPVI, ERK-1, NCC27,
MKO1

elF-4H, 14-3-3 protein {/5,14-3-3
protein /8, GAPDH, PKC-A,
RPS6KA3, hnRNP A2/B1, ERK-1,
MKO1, elF-5A-1

SRCNI1, NDP kinase B, Caspase-3,
PDPK1, CK2-A1:B, Sphingosine
kinase 1, a-Synuclein, annexin I,
PKC-A, RPS6KA3, UFM1, FYN,
14-3-3 protein /6, PPID, TCTP,
PA2G4, SHC1, BAD, elF-5A-1,
CD40 ligand, Ubiquitin+1,
Lactoferrin, Azurocidin, STAT3
AREG, FGF16, SHC1, CK2-
Al:B, PTP-1C, BAD, MKO1, elF-
5A-1, STAT3

BTK, LYN, SMAD2, LYNB, NDP
kinase B, RAC1, annexin I, PKC-
A, RPS6KA3, FYN, PA2G4, BAD,
CPNE1, NCC27, elF-5A-1,
Lactoferrin

BTK, PKC-B-II, SRCN1, LYN,
SMAD2, LYNB, NDP kinase B,
PDPK1, RACI, Sphingosine kinase
1, annexin I, PKC-A, RPS6KA3,
FYN, HXK2, PA2G4, BAD,
CPNE1, NCC27, elF-5A-1,
Lactoferrin, STAT3

FER, PKC-B-II, IMB1, SRCNI1,
NSF1C, SBDS, CK2-A1:B, IF4G2,
PRKACA, PKC-A, RPS6KA3,
RAN, 41, PTP-1C, PA2G4, UBC9,
ERK-1, MKO1

BTK, FER, LYN, LYNB, PDPK1,
ARGI1, Sorting nexin 4

BTK, FER, VAV, GRB2 adapter
protein, LYN, LYNB, PDPK1,
RACI1, SHC1, ERK-1, MKO01
BTK, SP-D, SRCN1, LYN, LYNB,
PDPK1, UBE2N, PRKACA,
RPS6KA3, FYN, Ubiquitin+1
CD40 ligand, CSK, SRCNI,
Caspase-3, PDPK1, PTP-1C,
DUSP3
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BTK, SP-D, VAV, SRCN1, LYN,
LYNB, PDPK1, UBE2N, a-
e Positive regulation of defense response  Synuclein, PRKACA, RPS6KA3,
FYN, ARGI1, ERK-1, Ubiquitin+1,
Lactoferrin, Sorting nexin 4
IMB1, NDP kinase B, CK2-A1:B,
RACI1, Haemoglobin, IMDHI,
e Neutrophil degranulation PTP-1C, PA2G4, ARGII,
Cyclophilin A, CPNE1, BPI,
MKO1, Lactoferrin, Azurocidin
GAPDH, Myokinase, HXK2,
Triosephosphate isomerase, BAD
Cyclophilin F, a-Synuclein, 14-3-3
protein /6, HXK2, BAD, STAT3,
14-3-3 protein /8
Carbonic anhydrase XIII, FER,
SRCNI1, NDP kinase B, o-
Synuclein, annexin I, ARGI1, ERK-
1, MKO1
AREG, CSK, SRCNI, LYN,
LYNB, PDPK1, CK2-A1:B, RACI,
Sphingosine kinase 1, UBE2N, o-

e ADP metabolic process

e Mitochondrial membrane organization
and permeability

e Cellular response to oxidative stress

e Positive regulation of protein Synuclein, PRKACA, PKC-A,
modification process FYN, UBC9, EDAR, SHC1, ERK-

1, MKOl, CD40 ligand,

Ubiquitin+1, Lactoferrin,

Azurocidin, STAT3, Ubiquitin+1
e Cellular response to environmental stimulus H2A3, GRB2 adapter protein

e Actin filament organisation protein, FER

10

15

Abbreviations: 41: Protein 4.1; AREG: Amphiregulin; ARGI1: Arginase-1; BAD: Bcl2-associated agonist of
cell death; BPI: Bactericidal permeability-increasing protein; BTK: Tyrosine-protein kinase BTK; CK2-A1:B:
Casein kinase II 2-alpha:2-beta haeterotetramer; CPNE1: Copinel; CSK: Tyrosine-protein kinase CSK; PPID:
Peptidyl-prolyl cis-trans isomerase D or Cyclophilin D; Cyclophilin F; DUS3: Dual specificity protein phosphatase
3; EDAR: Tumor necrosis factor receptor superfamily member EDAR; elF-4H: Eukaryotic translation initiation
factor 4H; e¢IF-5A-1: Eukaryotic translation initiation factor 5A-1; ERK-1: Mitogen-activated protein kinase 3
(MAPK3); FER: Tyrosine-protein kinase Fer; FGF-16: Fibroblast growth factor 16; FYN: Tyrosine-protein kinase
Fyn; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; GPVI: Platelet glycoprotein VI, GRB2 adapter
protein: Growth factor receptor-bound protein 2; hnRNP A2/B1: Heterogeneous nuclear ribonucleoproteins
A2/B1; HXK2: Hexokinase-2; IF4G2: Eukaryotic translation initiation factor 4 gamma 2; IMB1: Importin subunit
B-1; IMDHI: Inosine-5"-monophosphate dehydrogenase 1; LYN: Tyrosine-protein kinase Lyn; LYNB: Tyrosine-
protein kinase Lyn, isoform B; MKO1: Mitogen-activated protein kinase 1; M2-PK: Pyruvate kinase PKM;
METAP1: Methionine aminopeptidase 1; NCC27 or CLIC1: Chloride intracellular channel protein 1; NDP kinase
B: Nucleoside diphosphate kinase B; NSF1C: NSFL1 cofactor p47; PA2G4: Proliferation-associated protein 2G4;
PDPK1: 3-phosphoinositide-dependent protein kinase 1; PRKACA: cAMP-dependent protein kinase catalytic
subunit o, PKC-A: Protein kinase C, a type; PKC-B-II: Protein kinase C, B type (splice variant B-1T); PTP-1C or

Tropomyosin 4, GRB2 adapter
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PTPNG6: Tyrosine-protein phosphatase non-receptor type 6; RACI1: Ras-related C3 botulinum toxin substrate 1;
RAN: GTP-binding nuclear protein Ran; RPS6KA3: Ribosomal protein S6 kinase o3; SBDS: Ribosome
maturation protein SBDS; SHC1: SHC-transforming protein 1; SMAD?2: Mothers against decapentaplegic
homolog 2; SP-D: Pulmonary surfactant-associated protein D; SRCN1 or SRC: Proto-oncogene tyrosine-protein
kinase Src; STAT3: Signal transducer and activator of transcription 3; SUMO3: Small ubiquitin-related modifier
3; TCTP: Translationally-controlled tumour protein; UBC9: SUMO-conjugating enzyme UBCY9; UBE2N:
Ubiquitin-conjugating enzyme E2 N; UFM1: Ubiquitin-fold modifier 1; VAV: Proto-oncogene vav.

In bold are indicated the proteins belonging to the short signature.

Table 2: Differences in clinical characteristics between COPD patients of Cluster 1 and

Cluster 2 at Visit 1
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Table 4: characteristics of COPD patients of the MLCC cohort

Parameter n* All patients, n = 47
Male sex — no. (%) 47 29 (61.7)
Age (years) 47 725+ 9.6
Caucasian origin — no. (%) 47 47 (100)
Other origin — no. (%) 47 o
GOLD stages

= GOLD 1 - no. (%) 47 2{4.3)

= GOLD 2 -no. (%) 47 16 (34.0)

= GOLD 3 -no. (%) 47 19 {40.4)

= GOLD4 - no. (%) 47 10 {21.3)
Smoking history

= Never smokers — no. (%) 47 4]

= Former smoker — o, {%) 47 41 (87.2)

= Packs per year in former smokers - no. 47 569+328

= Active smokers —no. (%) 47 6{12.8)

= Packs per year in active smokers — no. 47 89.2 £ 521
Body Mass Index (kg per m?) 3 25.2+6.0
Biology

= Blood leukocytes (no. per mm®) 45 7800 (6500 - 9800)

= Blood eosinophils (no. per mm®) 45 200 {100 - 300)

= With blood eosinophils = 300 per mm?® — no. (%) 45 14 (31.1)

+  Blood neutrophils (no. per mm™) 45 5300 (4300 - 6400)

= Biood lymphocytes (no. per mm®) 45 1600 {1100 - 2000}

= Blood monocytes (no. per mm®) 45 700 {800 - BOD)

= Hemoglobin — g per deciliter 45 13.1+186

= CRP —myg per Liter 34 14+28

= With CRP 23 mg per Liter — no. (%) 34 21{5.9)
Blood gases

= Pa0; - mmHg e 66154

= PaCO:z. mmHg 9 405148
Respiratory funclion

= Pre-bronchodilator FEV, (3¢ predicted) 28 39.1+£105

= Post-bronchodilator FEV, (% predicted) 29 419+ 142

= Pre-bronchodilator FVC (% predicted) 28 871+ 189

»  Post-bronchodilator FVC (% predicted) 30 93.1 £ 18.0

= Pre-bronchodilator FEV, / FVC (% predicted) 28 355+290

= Post-bronchodilator FEV, /| FVYC (% pradicted) 29 355 +10.0

= With fixed airflow obstruction - no. (%) ® 29 28 {98.8)

= DLCO (%) 25 414 +124
Symptoms

= With cough — no (%) 46 38 (82.68)

= With wheezing — no (%) 47 7{14.9}
With emphysema no. (%) © 25 24 (96.0)
Exacerbations in 12 months - no. (%) © 47 1607
Hospitalizations for COPD in 12 months - no. (%) ° 17 0.7+0.7
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Comorbidities

= Cardiovascular ~ no. {%) 47 22 {46.8)

= Diabetes —no. (%) 47 g{19.1)

= Obstructive sleep apnea - no. (%) 47 1{2.1)
Treatmerts
On short-acting B2-agonists — no. (%) 47 44 (93.8)
On inhaled stemids - no. (%) 47 43 {91.5)

= Daily dose of inhaled steroids - pg of EQB 40 842 + 366
On oral sterolds — no. (%) 47 4 {8.5)

= Daily dose of prednisone (mg) 4 49+23
On anti-cholinergics — no. (%) 43 42 {97.7)
On oxygen therapy - no. (%) 47 27 (57 .4)
Adherence to treatment — no. (%) 12 8 (66.7)

Abbreviations: CRP, C reactive protein; FEV,, Forced Expiratory Volume in 1 second; FVC, Forced Vital
Capacity; DLCO, transfer factor of the lung for carbon monoxide; EQB, equivalents of beclomethasone

* With post-bronchodilator FEVY lower than of 70% of predicted

® Diagnosis of emphysema was established by the measurement of DLCO

© Estimated frequency of exacerbations and hospitalizations based on the events during the study period

* denotes the number of patients with each available variable
Data are n (%), or means £ 8D, or median {25-75 IQR)
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Abbreviations: CRP, C reactive protein; FEVy, Forced Expiratory Volume in 1 second; FVC, Forced Wital Capacity; FRC, Funclional Fesidual Capacity; RV,
Residual Volume; TLE, Total Lung Capacity

* indicates the number of patients with each available vanable

Dats ars expressed as numbers (%), a5 means £ 30 or SEM, or as medians (25-75 10R)
* Studants’ ttest, Fisher exact test 2-4ailed and Mann-Whithey-U test
Bold denotes statistical significance

Table S: Significant correlations between differentially regulated proteins and the
incidence of exacerbations and emphysema in patients with COPD.

Biological Exacerbations (Y/N) Emphysema (Y/N)

Hallmarks OR (2.5-97.5%) OR (2.5-97.5%)

0.57 (0.41-
PRKCA * 0.016 - -
0.79)
PRKACA * - - 0.62 (0.41-0.90) | 0.0200
SHC1 - - 0.33(0.17-0.58) | 0.0026
elF-5A-1 - - 0.43 (0.18-0.60) | 0.0026
0.57 (0.36-
TCTP 0.0476 0.35(0.20-0.58) | 0.0026
0.87)
PA2G4 - - 0.40 (0.24-0.64) | 0.0026
14-3-3 0.50 (0.30-
0.0281 0.41(0.24-0.68) | 0.0032
protein p/a * | 0.79)
Cell fate, i
14-3-3 protein | 0.45 (0.28-
Remodeling 0.0160 0.42 (0.26-0.68) | 0.0031
g/o* 0.70)
and Repair
BAD * - - 0.45(0.27-0.70) | 0.0031
0.61 (0.40-
RPS6KA3 * 0.048 0.46 (0.29-0.71) | 0.0031
0.89)
AREG - - 0.46 (0.27-0.75) | 0.0065
METAP1 * - - 0.50 (0.32-0.76) | 0.0044
FGF16 - - 0.52(0.31-0.81) |0.0115
0.58 (0.40-
RAC1 * 0.022 0.52 (0.35-0.76) | 0.0033
0.82)
0.66 (0.48-
SBDS 0.048 0.53 (0.36-0.76) | 0.0031

0.92)
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hnRNP
- - 0.53 (0.36-0.79) | 0.0060
A2/B1
NSFI1C - - 0.55(0.39-0.77) | 0.0031
PKC-A * - - 0.55(0.38-0.78) | 0.0042
0.67 (0.49-
SMAD2 * 0.048 0.58 (0.40-0.81) | 0.0059
0.92)
0.63 (0.45-
elF-4H 0.028 0.59(0.41-0.82) | 0.0061
0.86)
DRG-1 - - 0.51(0.35-0.72) | 0.0026
DLRBI1 - - 0.61(0.39-091) |0.025
PLPP - - 0.36 (0.20-0.62) | 0.0026
0.62 (0.43-
ARGI1 0.047 - -
0.88)
IMBI1 * - - 0.60 (0.43-0.80) | 0.003
0.62 (0.43-
ARGI1 * 0.047 - -
0.88)
41 - - 0.62 (0.44-0.86) | 0.010
GRB2 adapter | 0.72 (0.55-
0.017 0.64 (0.49-0.85) | 0.004
protein 0.93)
Tropomyosin | 0.78 (0.64-
0.024 0.71 (0.57-0.89) | 0.004
4 0.96)
Sphingosine 0.66 (0.47-
‘ 0.048 0.60 (0.41-0.85) | 0.008
kinase 1 0.91)
Haemoglobin | - - 0.72 (0.54-0.93) | 0.027
CSK - - 0.64 (0.47-0.86) | 0.006
FYN* - - 0.74 (0.56-0.97) | 0.042
0.50 (0.29-
ERK-1 * 0.0476 0.41(0.22-0.72) | 0.0062
0.84)
MKO1/ERK-2 | - - 0.45 (0.26-0.74) | 0.0061
0.59 (0.43-
PKC-B-II 0.80) 0.0158 0.55 (0.40-0.76) | 0.0026
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Prostatic
binding - - 0.41(0.24-0.68) | 0.0032
protein
066  (0.47-
Caspase-3 0.048 0.52(0.35-0.74) | 0.0030
0.91)
PDPK1 * - - 0.61(0.43-0.87) | 0.011
065  (0.47-
LYN * 0.029 0.65 (0.47-0.89) | 0.013
0.87)
065  (0.48-
LYNB * 0.028 0.68 (0.50-0.91) | 0.016
0.87)
CK2-AlB - - 0.56 (0.40-3.80) | 0.0164
NDP kinase B
, - - 0.52 (0.36-0.74) | 0.0026
071  (0.55-
FER * 0.016 0.67 (0.51-0.87) | 0.004
0.91)
RAN * - - 0.60 (0.42-0.82) | 0.0063
RACI 822) (0.40- 15 022 0.52(0.35-0.76) | 0.0033
[-Synuclein ) - 0.53 (0.36-0.75) | 0.0031
Cyclophilin 0.72 (0.57-
- 0.91) 0.016 0.63 (0.50-0.84) | 0.003
Cyclophilin A | 0.42 (0.24-
Ny 073) 0.0222 0.31(0.16-0.57) | 0.0026
SUMO3 - - 0.38 (0.21-0.63) | 0.0026
UFM1 - - 0.48 (0.31-0.70) | 0.0026
Metzz‘(;l‘sm SNAA - - 0.47 (0.31-0.69) | 0.0026
Mitochondr | vAV * 8';8) (03319 040 0.66 (0.49-0.86) | 0.006
12 -
14-3-3 050  (0.30-
orotein Bla* | 0.79) 0.0281 0.41(0.24-0.68) | 0.0032
14-3-3 protein | 0.45 (0.28-
3 0.70) 0.0160 0.42 (0.26-0.68) | 0.0031
BAD - - 0.45 (0.27-0.70) | 0.0031
Triosephosph | _ . 0.37(0.21-0.61) | 0.0026
ate 1somerase
RPS6KA3 8'25) (04014 048 0.46 (0.29-0.71) | 0.0031
METAP1 - - 0.50 (0.32-0.76) | 0.0044




0.83)
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Ubiquitin+1 * | - - 0.37 (0.10-0.66) 0.0045
UBC9 - - 0.38 (0.21-0.67) 0.0026
UBE2N * - - 0.46 (0.31-0.68) 0.0026
ffﬁ;’é’fiﬁe 8:28) (0.65- 14 038 0.74 (0.59-0.94) | 0.011
X111
SRCN1 8243‘) (0.49- 0.016 0.75 (0.57-0.97) 0.035
M2-PK 8;;) (0.39- 0.016 0.72 (0.53-0.98) 0.045
PPAC - - 0.64 (0.47-0.85) 0.006
Transketolase | - - 0.38(0.22-0.63) | 0.0026
Aflatoxin B1
aldehyde - - 0.61 (0.43-0.84) 0.007
reductase
NCC27 - - 0.46 (0.25-0.80) 0.0129
PPID 82(1)) (0.43- 0.016 0.70 (0.51-0.95) 0.033
Myokinase - - 0.64 (0.48-0.85) 0.006
NACA - - 0.53 (0.35-0.79) 0.0061
SGTA - - 0.64 (0.46-0.88) 0.013
H2A3 (l)?);) (0.69- 0.2495 0.81 (0.63-1.04) 0.014
BTK * 8;5) (0.57- 0.016 0.63 (0.49-0.82) 0.003
RPS6KA3 82;) (0.40- 0.048 0.46 (0.29-0.71) 0.0031
DUS3 - - 0.50 (0.30-0.78) 0.0072
RACT * 8;3) (0.40- 0.022 0.52 (0.35-0.76) 0.0033
CD40 ligand - - 0.54 (0.35-0.81) 0.0074
CPNE1 * 8;2) (0.35- 0.048 0.51 (0.30-0.83) 0.0142
IMBI1 - - 0.60 (0.43-0.80) 0.003
PTP-1C - - 0.63 (042-0.91) 0.023
SRCN1 gig;‘) ©-49- 19 016 0.75(0.57-0.97) | 0.035
Annexin [ - - 0.59 (0.39-0.88) 0.0164
BARKI1 - - 0.62 (0.41-0.92) 0.026
GAPDH 823) (0.47- 0.022 0.59 (0.44-0.78) 0.003
SP-D - - 0.76 (0.59-0.97) 0.034
STAT3 0.47 (0.26- 0.0476 0.38 (0.20-0.71) 0.0026
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6-
Phosphogluco
nate
dehydrogenas
e

068  (0.53-

0.85) 0.016 - -

062  (0.43-

ARGI1 0.88)

0.047 - -

Midkine - - 1.5(1.1-2.0) 0.014

Lactadherin

(MFGM) } - 1.9(1.3-2.9) 0.006

Tissue MMP-12 - - 1.51(1.07-2.15) 0.027

injury Renin - - 1.88 (1.26-2.87) | 0.006

Abbreviations: OR, odd-ratio; FDR, false discovery rate. For protein abbreviations, see
legend of Table 1 of the main manuscript. * These proteins have multiples biological

functions and, therefore, they belong to more than one biological process
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Throughout this application, various references describe the state of the art to which this
invention pertains. The disclosures of these references are hereby incorporated by reference
into the present disclosure.
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CLAIMS:

A method of predicting the clinical outcome of a patient suffering from chronic
obstructive pulmonary disease (COPD) comprising the steps consisting of determining
the level of a least one protein selected from the group consisting of BTK, Cyclophilin
F, Tropomyosin 4, FGF-16, AREG, SHCI1, 14-3-3 protein /o, elF-4H, CD40
ligand, H2A3, Midkine, MFGM, MMP-12, Renin and Carbonic anhydrase XIII

wherein said level indicates the clinical outcome.

The method of claim 1 wherein the level of 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14 or

15 proteins is determined in the blood sample.

The method of claim wherein high levels of: AREG, FGF-16, SHC1, 14-3-3 protein
B/a, elF-4H, Tropomyosin 4, Cyclophilin F, Carbonic anhydrase XIII, H2A3, CD40
ligand, BTK and low levels of: midkine, Lactadherin, MMP-12, renin indicate a low
risk of worsening and/or high levels of: Midkine, Lactadherin, MMP-12, renin and low
levels of: AREG, FGF-16, SHCI1, 14-3-3 protein B/o, elF-4H, Tropomyosin 4,
Cyclophilin F, Carbonic anhydrase XIII, H2A3, CD40 ligand, BTK indicate a high risk

of worsening.

The method of claim 1 that further comprises comparing the level of protein with a
predetermined reference value wherein detecting a difference between the level of the
protein and the predetermined reference value indicates the clinical outcome (e.g. the

risk of worsening).

The method of claim 1 that further comprises a step consisting of calculating a score,

representing an estimation of the clinical outcome and/or risk of worsening.

The method of claim 1 that further comprises a) determining the level of one or more
protein(s) in the sample obtained from the subject; b) implementing an algorithm on
data comprising the level of the protein(s) so as to obtain an algorithm output; c)

determining the clinical outcome and/or the risk of worsening.
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