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Abstract
Cigarette smoke initiates an inflammatory response that has aftermath long after quitting. We segregated former smokers, ac-

cording to their lung function and their co-founding diseases, in 3 groups: Cancer, Emphysema and COPD. Then we searched for 
outlier genes in intersections of Venn diagrams where we identified 6 subsets and 23 genes that may be responsible for disease 
outcome. Genes expressed in the cancer patients with or without emphysema (PPA subset) were BHLH, FPRL2, CD49D, DEADH, 
NRs4A3, MBLL, GNS, BE675435, ISGF-3, and FLJ23462. Patients with emphysema as co-founding disease, with or without cancer 
(APP), had only ANXA2 in common. Genes expressed only in non-cancer patients (AAP subset) of COPD group were IL-1A, SOX13, 
RPP38; TBXA2R, NPEPL1, CFLAR, TFEB, PRKCBP1, IGF1R, DDX11, and KCNAB1. HIV-1Rev was the gene expressed in cancer patients 
with emphysema (APA subset). Then, we also looked at out-layers genes significantly expressed in all patients (PPP subset with 5066 
genes), the down-regulated in Emphysema were MMP9, PLUNC, CEACAM5, and NR4A1 while the up-regulated were F2R, COL15A1, 
PDE4C, and BGN. We chose genes and checked them at the protein level on immune cells, this showed that neutrophils from Cancer 
group had increased expression of CD49d, and their total number was also increased in bronchial-alveolar lavage (154%). Mac-
rophages in the lung of patients with emphysema were associated with a significant increase of adhesion molecule CD58 and to 
significant CD95 decrease, indicating they do not die. Besides, macrophages downregulated MMP9 in the lung compared to blood 
macrophages. Overall, we find that cancer progression requires a stickier and greater number of neutrophils in the lung while em-
physema requires stickier and longevous macrophages to lead matrix destruction, and together with higher expression of SOX13 and 
RPP38, may promote autoimmunity.  We also identified two genes, ANXA2 and HIV1-rev, that may be a pivot between cancer and 
emphysema outcome of inflammation. 
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Introduction 
A healthy inflammatory response recruits to the site of injury all cells needed to clear the infection, damaged tissue, repair the matrix 

and stimulate epithelial cell growth; after this process is completed, the function is restored. When inflammatory cells leave the tissue im-
mune homeostasis is attained. However, when the injury is prolonged over time the inflammation is sustained and immune homeostasis 
is not achieved. This can activate a cluster of genes that lead to excessive tolerance, with the proclivity to cancer, or another cluster that 
leads to excessive tissue destruction, which inclines the balance toward autoimmunity, playing a pivotal role in disease progression, that 
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may be the case with cigarette smoke-induced inflammation. Cigarette smoke triggers an inflammatory process that in 10% of ex-smokers 
resolves in severe emphysema and end-stage COPD [1] while 50 to 70% of them develops cancer [2,5], it seems reasonable then to expect 
that a genetic component will determine the inflammation outcome. 

Translocation of inflammatory cells to the site of injury is mediated by the cell adhesion to endothelial cells from the blood via the lung 
[3]. This process is mediated by different sets of adhesion molecules that might not only preselect the types of leukocytes and monocytes 
that enter the injured tissue but also activate them to proliferate and adhere to the extracellular matrix (ECM) [4]. Thus, the type of inflam-
matory cells recruited may facilitate cancerous cells attachment to the ECM, favoring cancer progression [5], or conversely, it may destroy 
the ECM producing cell detachment and emphysema, which favors autoimmunity [6,7]. 

The adhesion molecules (AM) on monocytes are endothelial vascular cell adhesion molecule-1, very late antigen 4 (CD49d), CD58 and 
leukocyte function antigen-1 [3]. It has been shown that these AM are also essential to T cells recruitment and have a regulatory role be-
cause the loss of CD49d impairs T cell infiltration into tumors [8], while high expression of CD49d on T cells is associated with increased 
tissue destruction [9,10]. T helper 1 (Th1) and Th17 cells use CD49 to translocate at the inflammation site [5,8]. Also, T effectors cells 
(CD8+ T) recruitment is CD49d dependent given that its infiltration is abrogated by in vivo neutralization of CD49 [9]. Besides its homing 
capacity, CD49d has a regulatory function since it has been shown that regulatory T cells (Treg) CD49d+ are significantly more effective 
in suppressing T effectors cells then Tregs CD49d- [8]. Functional investigations suggested that CD58 up-regulates the expression of the 
transcription factor FOXP3 in Tregs [11], participates in co-stimulation of T-cells by endothelial cells [12] and in the cell to cell cross-talks 
with natural killer (NK) cells [13,14]. 

To discover genes that may play a pivotal role between cancer and emphysema we used Venn diagrams to segregate genes from mRNA 
microarrays, searching for outliers genes that when they are turned-on may trigger cancer or emphysema outcome of inflammation. We 
identified two genes, ANXA2 and HIV1-rev that may play a pivotal role in CD49 and CD58 differential expression on inflammatory cell 
from patients with Cancer compared to COPD.

Methods
Patients demographics

All tissue-related experiments and analysis were conducted according to the principle expressed in the Declaration of Helsinki. Written 
informed consent was obtained from all patients recruited from the Veteran Affair Hospital (VA) from Houston, TX and Saint Elizabeth 
Hospital from Boston, MA. The mRNA microarray was the same described in [7]. The study protocols and consent forms were approved 
by Saint Elizabeth Hospital Review Board for human studies in compliance with HIPAA regulations. Informed consent was obtained from 
all patients participating. Table 1 summarizes the clinical information and grouping criteria. All patients were former smokers, grouped 
according to their severity of COPD graded according to the stages of the disease as defined by the Global Initiative for Chronic Obstructive 
Lung Disease (GOLD). Cancer grouped non-emphysema patients in GOLD stage 0 to 1 that had cancer removal surgery. In Emphysema 
group were cancer patients in GOLD stage 2 and 3 that also had emphysema, as defined based on their computed scanning (CT). The COPD 
group was non-cancer patients in GOLD stage 4 with severe emphysema, that had lung volume reduction surgery (LVRS). 

Samples collection

Lung tissues were collected at the time of the surgery at the VA and were used for mRNA extraction and cell extraction for flow cytom-
etry as previously described [6]. Patients that had to go through bronchial-alveolar lavage (BAL) by medical prescription were recruited 
at St. Elizabeth Hospital after written informed consent was obtained; all samples were used for total inflammatory cells count and dif-
ferential cell count by standard clinical laboratory procedures and flow cytometry.

Microarrays analyses

Data from microarrays generated as described in Grumelli., et al. [7]; identifier GSE119040, ID: 200119040, were further analyzed 
using Venn diagrams to detect outlier genes, expressed in patients with the same co-founding disease, that may have pivoted the immune 
response to a given disease. mRNA extracted from thirteen ex-smokers, with similar smoking history, were tested using individual Affyme-
trix Human Genome U133A chip, as previously described [7]. Patients were segregated in the 3 groups: Four in Cancer group, with cancer, 
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age 78 (6), average (SD); without obstruction determined by their forced expiratory volume in the one-second percentage of predicted 
(FEV1%) of 80 (24), nor emphysema as shown by their Ct scans. Emphysema group, with five patients of 71 (7) years old with cancer and 
emphysema, with mild obstruction of 65 (15) FEV1% and the COPD group were four non-cancer patients, 65 (5) years old, with severe 
emphysema by their Ct scan and severe obstruction, 34 (9) FEV1%. COPD was diagnosed according to the criteria recommended by the 
NIH/WHO workshop [15]. 

Venn Diagrams analyses 

Probes with p values below 0.05 in the 13 patients were considered present (P) and probes with p-value(s) more than 0.05 were con-
sidered absent (A). To consider a gene absent within a group, it was required that at least 1 patient had p-value(s) more than 0.05 in that 
particular gene and p-value(s) not more than 0.05 to be included within the present group (Figure 1A). To identify outliers we further 
segregated genes present in each group (cancer, emphysema or COPD) and identified genes expressed in the intersections (∩) of each 
group, for example in the PPA subset, first letter of the subset signifies presence (PPA) in Cancer group, second letter (PPA) in Emphysema 
group and third (PPA) in COPD and searched their co-founding disease, cancer in this case. We also searched for those genes not expressed 
in another group e.g. AAP subset. Table 2 summarizes al the equations applied to identify outliers in the different subsets and the role they 
may play in disease progression. 

The graph at the intersection of the three groups (PPP) was obtained by plotting the logarithm of 10 of the average intensity of expres-
sion of Emphysema relative to Cancer (E/C) versus the COPD relative to Cancer (COPD/C) of the 5066 probes. This was further narrowed 
down for those genes that were significantly different, Figure 2A and used for clustering analysis. 

Hierarchical clusters analyses

Unsupervised hierarchical clustering analyses (HCA) were done using an exploratory multivariate statistical method to identify ‘natu-
ral’ groupings of patients considered in an analysis. The least distance, D(r,s), between two r and s (arrays r and s) consisting of nr and ns 
elements were first identified based on either the Euclidean distance (0 ≤ D(r,s) < + ∞). The logarithm of 2 was used to transform raw data 
to determine Euclidean distance for the hierarchical analysis presented in the heat map [16].

The role of the different genes products within the cell was illustrated using Motfolio, Scientific Illustration Toolkits for Presentations 
and Publications. 

Gene validation

Gene expression was validated using the same mRNA samples for quantitative real-time polymer chain reaction (qRT-PCR); probes 
were Assay-On-Demand primers and probes from A&B Applied Biosystems. Protein expression of the selected genes was quantified in 
isolated cells [7], the concentration of 107 cells/ml of RPMI medium; different cells populations were gated using side and forward scatter 
plot and labeled with fluorescent dyes conjugated to anti-CD3, -CD14, CD66, for lymphocytes, macrophages and neutrophils, respectively. 
The protein content of selected genes was quantified using CD49, CD58 and CD95 antibodies monoclonal, purchased from BD Biosci-
ences Pharmingen (San Diego, California, United States). Data generated by the flow cytometer was analyzed using flowJo software 8.1.1 
(Standford University 1995-96). 

Zymogram

Macrophages from blood or lung tissue from the same patient were cultured in RPMI 1640 media with 10% fetal calf serum and 5% 
L-glutamate, all cell culture reagents were purchased from Invitrogen. Cells were stimulated with 50, 250 and 500 ng/ml of INFγ, IL4 and 
IP10, from Prepotech and supernatant (5 μg of protein) were dissolved in a non-denaturing buffer and loaded in 10% SDS-polyacrylamide 
gels containing 0.02% gelatin and then separated. SDS was then removed with 2.5% Triton X-100 washes, 20 min three times and incu-
bated for 24 hours at 37°C in developing buffer (50 mM Tris-HCl pH 8, 5 mM CaCl2, 0.02% NaN3). Gels were fixed and stained with 50% 
methanol and 10% acetic acid containing 0.3% w/v Coomassie blue and used to measure MMP-9 (gelatinase B) activity, quantifying 
absorbance of the clear bands, visualized with Chemi-Doc gel documentation system (Bio-Rad) and the intensity measured with Quan-
tity One software (Bio-Rad). Results are shown as mean and standard deviation. Statistical analysis was performed using the unpaired 
student’s t-test, with significant differences considered as P < 0.05.
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Results and Discussion
Venn diagrams analyses 

Whenever there is sustained injury of a tissue the inflammation prolongs and immune homeostasis is not achieved this can lead to 
excessive tolerance, with the proclivity to cancer, or excessive tissue destruction, which inclines the balance toward autoimmunity, these 
are the cases of smokers. Cigarette smoke initiates an inflammatory response that has sequels long after they quit smoking, it is not well 
known why but some ex-smokers develop cancer and others autoimmunity. Thus, we thought that if some genes are always expressed, we 
can consider them as structural genes that may vary their expression level with the disease progression but genes that are expressed only 
when there is one particular disease may be key to decide the outcome of the inflammation towards cancer or emphysema. Therefore, we 
searched for outliers genes within each group of patients (Table 1) and using Venn diagrams (Table 2) we identified 6 subsets (Figure 1) 
and 23 genes that may be responsible for inflammation outcome. The PPA subset had 10 genes expressed in patients with cancer as a co-
founding disease, which were BHLH, FPRL2, CD49D, DEADH, NRs4A3, MBLL, GNS, BE675435, ISGF-3 and FLJ23462 that may be a cluster 
of genes under the same regulation. We chose CD49d and NRs4A3 for validation by qRT-PCR on the same patients and CD49 at the protein 
level by flow cytometry in different patients. 

Cancer (n = 36) Emphy (n = 17) COPD (n = 34)
Cancer Yes Yes No
Emphysemaa No Yes Yes
GOLD stage 0 - 1 2 - 3 4
LVRSb (n) 0 0 12f

Small peripheral Cancer (n) 9f 17f 0
Age (Average ± SD) 65 ± 12 68 ± 45 60 ± 6
Percent FEV1c (Average ± SD) 84 ± 15 63 ± 15 28 ± 6*
Pack-years smokingd (Average ± SD) 55 ± 37 60 ± 24 52 ± 17
Ex-smokers (n) 23 17 30
QTe (Years) 9 ± 10 4 ± 6 11 ± 11

Symbols are, C for cancer, E for emphysema, ∩ intersection,  union,  subset, - minus. 

Table 2: Venn diagrams analyses for outliers’ genes.  

Table 1: Clinical and Demographic Characteristics of Participants. 

a: Determined by Ct scan. b: Lung Volume Reduction Surgery (LVRS). c: Percentage of Forced expiratory volume (FEV1) in one second is 
*significantly different (p < 0.05) for the end-stage group compared to the control group. d: Packs per years (PPY), quitting time (QT) 
and age values are similar among the three groups. e: Quitting time: continue time without smoking since quitting. f: The patients had 
no history of allergy or asthma and had not received oral/systemic or inhaled corticosteroids during the last six months. At the time of 

the study, all patients were free of acute symptoms suggestive of upper or lower respiratory tract infection in the 6 weeks preceding the 
study.
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The 11 genes (AAP) expressed in non-cancer patients that only had emphysema, in COPD group, were IL-1A, SOX13, RPP38; TBXA2R, 
NPEPL1, CFLAR, TFEB, PRKCBP1, IGF1R, DDX11 and KCNAB1 that are related to emphysematous inflammation. 2 genes may play a piv-
otal role (Figure 1A and 1B) between cancer and emphysema, ANXA2 in APP subset and HIV1-Rev in APA subset. 

HIV1-Rev is a nuclear-exporting protein that binds gC1q, the first classical complement protein [17]. The essential mediators of the 
nuclear proteins exit containing nuclear export signals are HIV1-Rev type that increases the levels of the p53, tumor suppressor protein 
[18]; this indicates that HIV1-Rev may be involved not only in promoting emphysema by activation of the classical pathway (C1q) that 
leads to autoimmunity, which we previously demonstrated is activated in patients with autoimmune COPD [7], but also it may lead to 
tumor suppression due to p53 overexpression, (Figure 1C) that can pivot between both diseases promoting the expression of AAP subset, 
breaking the tolerance on a cancerous inflammatory process, recruiting, activating or differentiating Th1 cells, this makes it a possible 
switch between cancer and emphysema (Figure 1B).

 Lipocortin-2 may be a switch between cancer and autoimmunity

Patients with emphysema as a common disease (APP subset) had only (Figure 1A, Table 2), lipocortin-2 or annexin 2 gene (ANXA2). 
ANXA2 has a PDZ motif located at the carboxylate terminus, a structural short domain found in signaling proteins that forms a complex to 
enhance the phosphorylation of cystic fibrosis transmembrane regulator (CFTR) that activate and deactivate the chloride ion channel by 
a mechanism of phosphorylation/dephosphorylation on the nuclear binding domain (NBD). NBD is activated by a cAMP product that acti-
vates protein kinase (PKA), acting as negative effector, phosphorylating the NBD of CFTR and reducing the chloride ion transport [19,20]. 
The annexins are a family of phospholipid-binding proteins of largely unknown function; ANXA2 is involved in airway smooth muscle cell 
proliferation induced by plasminogen because knockdown of ANX2 by siRNA produce inhibition of plasmin-stimulated ERK1/2 or PI3K/
Akt signaling and attenuated plasmin-stimulated increases in airway smooth muscle proliferation [21]. Lung fibroblast secretes cathepsin 
B that induces the upregulation of stearoyl-CoA desaturase 1 through ANXA2 and PI3K/Akt/mTOR pathway (Figure 1C) that promoted 
metastatic colonization of the lung [22]. These reports indicate that ANXA2, upstream of PI3K, regulates lung cell proliferation by attach-
ing the cells to the ECM trough collagen VI (Col6), secreted by bronchial epithelial cells. ANXA2 (-/-) knock out mice have reduced exercise 
tolerance with impaired lung tissue elasticity, which was phenocopied in Col6a1(-/-) mice. In vivo, ANXA2 (-/-) bronchial epithelial cells 
underwent apoptosis and detachment [23]. Also, ANXA2 associates with S100A to activate the chloride flux through CFTR in a cAMP/
PKA-dependent manner [24,25]. Thus, the ANXA2 gene may be key to deviate the immune response toward cancer or autoimmunity 
regulating the ionic balance of Cl- and Ca++, which is essential for cell attachment to the matrix; because it may prompt expression of 
the cluster of 10 PPA genes tipping the balance toward attachment of cancerous cells to the ECM permitting excessive cell proliferation 
while its down-regulation may prompt the expression of 11 genes in AAP inducing excessive cell detachment, cell death, intolerance and 
autoimmunity (Figure 1B). 

Among the genes highly expressed in Cancer were CD49d and N-formyl peptide receptors (FPRL2) an innate immunity receptor ex-
pressed in a nasal epithelial cell (Figure 1C) that upon binding to its ligands secrete VEGF-α and TGF-β, the key to tissue remodeling [26].

We further searched for genes that were significantly different from Cancer (Figure 2A), those up-regulated in both Emphysema group 
(E and COPD) are likely to contribute to emphysema progression, while those that are down-regulated for COPD but up-regulated for 
Emphysema (top left quadrant) may be contributing to cancer, like CD58 and MMP10. Gene clustering and hierarchical analysis show 
that they segregated according to emphysema progression, demonstrated by the similar color in the heat map (Figure 2B), hollow arrow 
show genes up-regulated by emphysema or cancer. Representative genes from microarrays results were validated using qRT-PCR; for PPA 
group we chose CD49d and nuclear receptor subfamily 4 (NRs4A2, Figure s 2C and 1A), which showed similar results. CD49d was also 
validated at the protein level since it may be of crucial importance to recruit and activate inflammatory cells for death/proliferation or 
autoimmunity/cancer. 
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Figure 1: Genes segregated according to emphysema progression. 
(A) Venn diagram showing presence (P, p < 0.05) or absence (A, p > 0.05) of genes expressed among groups of: Cancer (n = 4), cases 
of non-emphysema ex-smokers with lung cancer; Emphysema (n = 5), cases of ex-smokers with lung cancer and emphysema; COPD  
(n = 4), non-cancer ex-smoker with emphysema. (PPA) Genes uniquely expressed in Cancer and Emphysema group are symbolized by 
BHLH, basic helix-loop-helix domain containing, class B; FPRL2, formyl peptide receptor-like 2; CD49D, alpha 4 subunit of VLA-4  
receptor; DEADH, RNA helicase A, nuclear DNA helicase II; NRs4A3, nuclear receptor subfamily 4, group A, member 3; MBLL,  
melanogaster muscle blind B protein; GNS, glucosamine (N-acetyl)-6-sulfatase; hypothetical proteins BE675435 and FLJ23462. Gene re-
liably expressed only in Emphysema (APA) was HIV-1 Rev, HIV rev binding protein. The only gene expressed at Emphysema and COPD 
intersection (APP) was lipocortin-2 or ANXA2, annexin II. (AAP) Genes highly expressed only in the COPD group were IL-1A, interleukin 
1; SOX13, SRY (sex-determining region Y)-box 13; TBXA2R, thromboxane A2 receptor; NPEPL1, aminopeptidase-like 1; CFLAR, CASP8 
and FADD-like apoptosis regulator; TFEB, transcription factor EB; PRKCBP1, protein kinase C binding protein 1; IGF1R, insulin-like 
growth factor 1 receptor; DDX11, I(Asp-Glu-Ala-Asp/His) box polypeptide 11; KCNAB1, potassium voltage-gated channel. Insert Plot in 
intersection of genes expressed in all patients (PPP), represent data log_10 transformed of fold changes, relative to Cancer group; in-
sert show out-layers genes significantly up or down-regulated, symbolized by F2R, coagulation factor II (thrombin) receptor; COL15A1,  
collagen, type XV, alpha 1; PDE4C, phosphodiesterase 4C, cAMP-specific; BGN, biglycan; MMP9, matrix metalloproteinase 9 (gela-
tinase B, 92kD gelatinase, 92kD type IV collagenase; PLUNC, palate lung and nasal epithelium clone; CEACAM5, carcinoembryonic  
antigen-related cell adhesion molecule 5; NR4A1, nuclear receptor subfamily 4, group A, member 1. (B) Schematic representation 
 showing the proposed role of the different genetic sub-group in the immune process that leads to cancer or autoimmunity. (C) Role of the 

different gene at the cellular level. 
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Figure 2: Heat map of genes significantly expressed in all subjects, PPP intersection. 
(A) Representation of log_10 transformed fold changes, relative cancer group, show the 143 genes significantly different from cancer 

group reliably expressed in all patients (PPP). Insert details the genes up-regulated by cancer in patients with emphysema. KNS, kinesin 
2; p115, vesicle docking protein p115; LIV1, LIV-1 protein, estrogen-regulated; MMP10, disintegrin and metalloproteinase domain 10; 

CD58, lymphocyte function-associated antigen 3; RDX, Homo sapiens radixin; NEDD5, neural precursor cell expressed, developmentally 
down-regulated 5. (B) Heat map of clustered genes. Color-based on sorted, Log_2 transformed raw data, the distance is a function of the 

Euclidean distance as a metric for the dissimilarity of significantly different genes present in all patients (PPP). Cancer group 
(n = 4), ex-smokers with lung cancer cases. Emphysema group (n = 5), ex-smokers with lung cancer and emphysema. Ex-smokers with 
severe emphysema and without cancer are COPD (n = 4). (C) Validation of the gene expression from microarray data, quantified by q
RT-PCR on the same mRNA samples, for chosen genes. Values determined by unpaired T student test, *0.01, †0.04, ‡ 0.026, § 0.0006.

CD49 expression positively correlates with lung function

The protein expression of selected genes was quantified on inflammatory cells obtained from lung tissue (Figure 3A), CD49d showed 
stronger association (r = 0.40) with lung function (FEV1%) than CD58 (r = 0.29); because both are cell adhesion molecules expressed in 
a wide variety of cells and required for ECM attachment, recruitment to the injured site and cell survival, we further quantified its expres-
sion on lymphocytes, macrophages and neutrophils with the objective to determine how they may be contributing to inflammation and 
immune homeostasis (Figure 3B). 
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Figure 3: Quantification of protein expression for selected genes. 
(A) A linear regression of the forced expiratory volume in one second, % of predicted (FEV%), versus the total cells surface content of 

CD58, CD49 and CD95 that were determined using flow cytometry on live lung cells. (B) Plots showing the percentage of double-positive 
cells for CD58, CD49 or CD95 with CD3, CD14 or CD66 utilized to identify the populations of lymphocytes, macrophages and neutrophils. 

P values are *0.02; **0.009; ∫ 0.026; † 0.002; ††1.2 10-5, § 0.05 and ‡0.0005. (C) MMP9 activity measured by gelatin zymogram, units 
determined by the intensity of absorbance relative to control. The macrophages from blood and lung tissue of the same patient with 

emphysema were stimulated with INFγ, IL,4 and IP10. 

 Lymphocytes survive longer in emphysematous lung 

CD58 is an adhesion molecule that also serves as a co-stimulatory protein for T cells to induce FOXP3 in Tregs [11]. Lymphocytes from 
emphysematous lung tissue expressed similar adhesion molecules CD58 and CD49d in Figure 3B, indicating their recruitment to the lung 
may not be hampered by the number of these AM. However, it coincided with a significant decrease of CD95 on lymphocytes of Emphy-
sema and COPD groups; this receptor is coupled to caspase-mediated apoptosis [27] and involved in memory formation [28]. Increased 
survival of lymphocyte in emphysematous groups (E and COPD), may help to maintain the total number lymphocytes in tissue and BAL 
while their numbers decrease in blood from vein (-19.2%, r = 0.64, Figure 4B) or artery (-16.8%, r = 0.36), yet remaining unchanged in 
bronchial-alveolar lavage (r = 0).
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Figure 4: Inflammatory cells traffic. 
(A) Linear regression of the forced expiratory volume in one second, % of predicted (FEV%), versus a percentage of CD58, CD49 or CD95 
on lymphocytes, macrophages and neutrophils determined by flow cytometry on live lung cells. (B) Plots showing association values (r) 

between FEV1 (%) and a number of inflammatory cells in peripheral or arterial blood and lung tissue, represented by the  
bronchial-alveolar lavage (BAL).

Longevous macrophages from emphysema lungs are more adhesive 

CD49 expression showed a slight decrease while CD58 was significantly increased 250% on macrophages of Emphysema group (p = 
0.026, n = 6 - 8, Figure 3B). Coincident with this increase there was a significant decreased CD95 expression (6.1%, p = 0.05, Figure 3B), 
indicating these macrophages do not go through apoptosis, living longer then Cancer macrophages (p = 0.026). Figure 4B shows that 
circulating macrophages are recruited from arteries (r = 0.3) into the lung (r = 0.10, BAL), although their numbers are associated with the 
lung function, there are consistently more macrophages in the BAL (18.106 cells/ml) than in the venous (7.106 cells/ml) or arterial blood 
(4.106 cells/ml). There is only -0.1% decrease of macrophages in BAL from 100 to 30 FEV1% indicating they may be more adhesive to the 
ECM (6.7% more CD58) therefore they cannot be removed from the tissue.
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Sticky neutrophils are predominant in lung cancer

Since CD58 expression was significantly increased in Emphysema group (Figure s 2A and 2B) we quantified its protein expression on 
inflammatory cells. CD58 was also significantly increased in neutrophils of cancer patients relative to COPD (Figure 3B, p = 0.002) and 
emphysema (p = 1.2 10-5) with a strong positive correlation with lung function (Figure 4A, r = 0.73), which was also seen for CD49, r = 
0.48, although this increase was not significant for CD49, in cancer patients (Figure 3B). 

Emphysema patients showed decrease expression of these adhesion molecules on the cell surface proteins (-61.4% for CD58 and 
-25.6% for CD49) strongly correlated with increased neutrophilia in arterial (r = 0.81) and venous blood (r = 0.52), which could not mi-
grate into the lung, as shown by decreased neutrophils in BAL (r = 0.37, Figure 4B).

 CD95 expression is also significantly decreased (-1.7%) with emphysema indicating decreased apoptosis. Note that neutrophils are 
decreased in BAL of emphysematous lungs supporting that they cannot be removed from the bloodstream, whereas they are increased 
the number and fewer are recruited into the lung tissue from blood and their decline is strongly associated with the lung function (r = 
0.81, Figure 4B). 

MMP9 is downregulated in lung macrophages

Enzymatic activity of MMP9, determined by collagenase activity on zymogram (Figure 3C), showed that blood monocytes are strongly 
stimulated by IP-10, a second messenger of INF-γ, a key element of the Th1 immune cross-talk. After arriving in the injured lung tissue, 
MMP9 activity is inhibited, as shown by tissue macrophages activity (Figure 3C) while MMP12 may assist ingress of monocytes into the 
tissue by degrading the ECM. MMP10 is significantly up-regulated in Emphysema group with cancer as a co-founding disease (Figure 2A) 
but it is down-regulated in emphysema patients without cancer (COPD group), indicating a role for this protease in cancer progression. 
Close inspection of macrophages (Figure 3B) show an increase in their adhesion molecules, CD58 and CD49d with a significant decrease 
of CD95, which suggest a role for macrophage-metalloprotease 10 (MMP10) cleavage of this cell surface death receptor (CD95), further 
studies in this direction should be pursued. 

Neutrophils transfer into the lung is CD58 and CD49 dependent 

We further studied the association of AM expression with the lung function, for lymphocytes, there was no association between CD58, 
CD49 and CD95 with their lung function (Figure 4A, r = 0). This was somehow corroborated by lymphocytes invariance in the BAL (Figure 
4B, r = 0). In contrast neutrophils trafficking was associated to adhesion molecules expression on their surface as shown by their signifi-
cant association with CD58 (Figure 4A, r = 0.73) and CD49 (r = 0.48) expression and their reduced presence in lung tissue represented 
by lower BAL neutrophils count (r = 0.37), downregulation of these molecules was also associated with a higher number of circulating 
neutrophils in arterial (Figure 4B, r = 0.81) and peripheral blood (Figure 4B, r = 0.52). 

Conclusion
The analysis of outlier genes expressed in the different subsets and the co-founding disease allowed us to identify genes that may be 

under the same regulation, like clusters that are turned-on only in that disease process and several findings emerge.

First: CD49d in PPA subset, CFLAR an apoptosis regulator, in AAP subset and 2 genes that may play a pivotal role in disease progression. 
HIV1-Rev in APA subset indicates that viral infections may produce emphysema in patients with cancer while among patients with em-
physema as a co-founding disease in APP subset there was only ANXA2, which is essential for the attachment of bronchial epithelial cells 
to the matrix by secretion of collagen. From the work of others [23] we learned that ANXA2 knock out mice fibroblasts retains collagen 
VI within intracellular vesicles and adhered poorly to their matrix unless ANXA2 expression is restored, indicating their incapacity to go 
through the membrane, perhaps due to deficient membrane potential, caused ionic deregulations. ANXA2(-/-) bronchial epithelial cells 
undergo apoptosis and detachment (Figure 1C). Immunoprecipitation and immunoelectron microscopy revealed that ANXA2 associates 
with COL6 to establish cell-matrix interactions that underlie normal pulmonary function and epithelial cell survival [24,25,29]. Herein 
we hypothesize that ANXA2 is a switch that when it is turned on favors cancer by facilitating cell attachment to the matrix while when it 
is turned off cells detach from the matrix and undergo apoptosis turning on emphysema genes, expressed in the AAP subset (Figure 1B); 
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while when HIV1-Rev in APA is turned on it breaks cancer-induced tolerance permitting emphysema progression and probably eliminat-
ing cancerous cells. 

Second: From genes that are expressed only in non-cancer patients with emphysema (COPD group) we find that AAP subset summarizes 
the genes driving the inflammation that leads to autoimmunity such as IL-1 interleukin, a well-described pleiotropy cytokine in COPD pa-
tients and used as a marker of systemic inflammation [30,31]. Mice mutant in SOX13 has impaired migration of Th17 to the inflammatory 
site [32,33], which indicates that increased activity of SOX13 is favoring Th17 migration to the lung and facilitating the development of 
autoimmunity, since it is also an autoantigen, as we previously proposed [7]. The NPEPL1 gene product is a direct target of regulation by 
miR-19a [34]. Micro RNA plays an essential role in cell proliferation and apoptosis [35], but miR-19 3b was shown to regulate estrogen re-
ceptor and other steroid hormones [36], up-regulation of NPEPL1 in COPD patients may be associated with corticosteroid resistance [37]. 
IGF1R, insulin-like growth factor-1 receptor mRNA is a target of miR-503 in glioblastoma multiforme cell lines that not only suppressed 
cell proliferation through cell cycle arrest and apoptosis but also inhibited cancer cell migration and tumor invasion. Mechanistic analy-
sis revealed that forced expression of miR-503 inhibited AKT activation, suggesting the tumor-suppressive effect of miR-503 is partially 
mediated by phosphatidylinositol 3-kinase/AKT signaling. Taken together, miR-503 is a tumor suppressor for glioblastoma multiforme 
and a favorable factor against glioma progression through targeting IGF1R [36]. RPP38 is a subunit of the human ribonucleoprotein ri-
bonuclease P38 which is an autoimmune antigen in scleroderma, an elastin rich tissue like the lung [37] and it is required for processing 
rRNA [38], These results suggest that further detection of RPP38 and SOX13 autoantibodies should be also tested in patients with severe 
COPD, as another source of autoimmunity. 

From the genes that were validated at the protein level in different immune cells and compartments such as arterial or peripheral 
blood and lung BAL, we had several findings.

Third: CD49d is present in patients that had cancer as a co-founding disease and CD49 expression positively correlates with lung func-
tion. CD49d is expressed in T cell [28], neutrophils [39], basophils [40] and monocytes and it is responsible for adherence to vascular cells 
molecule 1 (VCAM-1) from the endothelium and ECM [41], it is essential for their recruitment to the site of inflammation. In addition, 
CD49 up-regulation is associated with migration of hematopoietic stem cells to the inflamed tissue [42], thus its up-regulation in PPA sub-
set contributes to tissue repair but also lung cancer because it is essential for leukemic cells survival [9]. Lymphocytes have 3-fold increase 
expression of CD49d in cancer, compared to COPD patients, although it was not significantly different (p = 0.13 and 0.07, respectively) it 
shows a trend toward higher expression, which is essential for carcinoma elimination by NK CD8+ T cells [9], thus CD49+ lymphocytes 
favors tissue repair and tumor proliferation due to evasion of the immune system. 

Fourth: Although neutrophils from carcinoma tissue had increased expression of CD49d, it was not significant (123% in emphysema and 
70% in cancer group, relative to COPD) nevertheless the total number of neutrophils was increased in cancer BAL (154%). CD49 protein 
expression showed the same trend then array results (Figure 2B), which is required for neutrophils migration to the site of inflammation 
across the interstitium into the alveoli [39], in response to C5a, a C1q downstream protein of the classical complement pathway [35]. We 
also found that neutrophils transfer to the lung is CD58 dependent due to their significant association with CD58 (Figure 4A, r = 0.73) and 
their reduced number in lung tissue show by lower BAL neutrophil count (r = 0.37), downregulation of these molecules was associated 
with higher number of circulating neutrophils in arterial (Figure 4B, r = 0.81) and peripheral blood (r = 0.52). 

Fifth: Macrophages in the lung of patients with emphysema are associated with a significant increase of adhesion molecule CD58 and 
to significant CD95 decrease indicating they do not die, further accumulating in the tissue. Indicating that long lived macrophages from 
emphysema lungs are more adhesive and they drive the lung destruction. Of note is the increased MMP10 expression that suggests it may 
play a role in shedding receptors from the cell surface thus, increasing their life span and promoting emphysema while MMP9 down-
regulation on macrophages compared to monocytes (Figure 3C) suggest it is required for translocation to the tissue from the blood. 
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