BC P2.229: A Dysregulated Mitotic Program Drives Chromosomal Instability in COPD Airways

CAN Increasing Lung Cancer Risk \F=f
Vanessa G. P. Souza', Katya H. Bénard', Emily A. Vucic'?, Christopher Zhang#4, Benson Z. Wu3#, Greg L. Stewart!, Stephen Lam', William W. Lockwood’, Calum MacAulay’ , Katey S. S. IASLC 2026 World

Enfield'®, Kelsie L. Thu34, Wan L. Lam™5 Conference on Lung Cancer
E R 'British Columbia Cancer Research Institute, Vancouver/BC/CA ,2Zephyr Al, Tysons Corner/VA/USA ,3University of Toronto, Toronto/ON/CA ,*Keenan Research Centre for Biomedical Science, Bz i

St. Michael’s Hospital, Unity Health Toronto, Toronto/ON/CA ,°University of British Columbia, Vancouver/BC/CA

Correspondence: vsouza@bccrc.ca

INTRODUCTION DISCUSSION AND CONCLUSION RESULTS

 Global burden: Chronic obstructive pulmonary Proposed link between COPD and Lung Cancer (LC) o — 9 — — ,
di COPD) is the third lead:i f death Cohort description A pro-mitotic transcriptional program links COPD and LUAD
isease ( ) is the third leading cause of deat Table 1. Cohort Description UAD
worldwide, and lung cancer is the leading cause of COPD  Non-COPD P value' A e . C 5| o
- | COPD-related LC risks [ransformation (n=103) (n=133) MEfloralwhite 091 0. brownd  dgrkred red
cancer-related mortality. . — tsasasom Il i g —
. . . . . Age (years) ' ) ) MEgreenyellow 0017  0.019 ] TN o greenelon L velow
* Independent risk: Tobacco smoking is the primary & Bk regiicalfon Average S :
. . ) 0 DN A re Il Catl on ) - IVIEdarkoIivegreen. ! 0.02 0.00081 0.047 0.69 .Sadmebrown ‘royalblue § 20 yenow%:ioIet
risk factor for both diseases; however, COPD confers | s © DNA repair (e.g. TP53™) Sex MEgnk [ocom 007t om 057 om0 | P MM . { |2 A s
0 DNA repalf i T MEmediumpurple3 0.0044 0.00085 0.33 - 091 0.067 g 10+ - Q- e ‘i’; - X iohtevany | Qtohteyan o)
I " | G2/M checkpoint Male 64 71 0.29 © E | 0 ST e 8 ["Ke ornge
a 2_ to 6_fo|d Increased r‘lsk Of |ung Cance r’ | IIHIHIII:‘lelIlIHI 5 MEdarkmagenta 0.009 0042 002 017 054 012 o > hghgeelbmey reen%W § g darkorange
: B4, progression MEdarkred 0025 0085 027 - 069 0.048 N darkorange? et e E grey6Q midoightblue
. d d f k' h' 1.2 Female 41 62 MEbrown4 0069 02 0057 057 042 018 || o ' red © A g
In epen ent O Smo Ing IStO ry " -] m EEe e MElightcyan 014 025 048 019  8e-04 flora@Qe\ ohaind 10_“‘5‘3‘“ - J darkgrg:mk s
o signaling . . . . . . ~ 0+ R saddlebroyfl g
o . N ¢ L f t MEdarkorange . : : . . - o browna  darkred it 3
* Shared mechanisms: COPD and lung cancer share I\ . ng fnetion wecamormes [l oo (o3 oo a2t ooe | 68 AT
1 M M : M b, ' ¥ i{’ Genome instability & FEV1% 67.2 91.7 2.2e-16 MEdarkgreen 07 024 027 0075 011 0.1 - o lightsteelblue derkmagenta
overlapping pathogenic mechanisms, including ARy g i ot Ao
. . ) . . . ] oV =" e FEV1/FVC 60.1 76.4 2.2e-16 MEblue 076 067 046 019 031 0093 || & 104, . . . b'“g? i‘gry - s _ prs
chronic inflammation, oxidative stress, epithelial- CORD +smike Samaged celi i verea [l oss oo oz [ o> [ : o s 7 e
: isti i MEdarkgre 0.0016 0.00014 0.26 0.15 0.0097 <
h | It d . d . . . *’ o HieNsting oelicact) Smoking status MEyell o 6.6e-06 0.019 9.6e-06 0.76  0.51 N B Combined Score Figure 1. T ipti | iated
mesencnyma transition, an genetlc dan eplgenetlc - yellowgreen 6006 0.019 96608 076 0. , Combined Score igure 1. Transcriptional programs associate
’ { Current 43 o6 0.96 , 0012 D00 0o N o . . . . . : : T
] . MElightyellow 0.0012[0,00025 0.5+ [y © ; with COPD in small airway epithelium (SAE). (A)
d Ite rat|0ns3. Former 62 77 MEorange I B ©'2 0% QORI 04 [ witotic prometaphase | [N Module-trait heatmap showing Spearman
] . ] . . . . . ME;::;:‘;. ZZ;‘: ;:432 ZZ;E zz; ;‘07157 M Phase - _ correlations between 28 gene co-expression
 Small Airways as Critical Site: Small airway Left panel (COPD-related LC risks): Airway epithelial cells damaged by Pack-years 50.4¢ 46.7* 0.45 eriongnoo ] o o o o om 5 modules and clinical traits (CS, FEV:%, FEVA/FVC,
- - - - - COPD and smoking are under constant proliferative pressure. These cells "Missing pack-years for 6 subjects with COPD and 10 subjects without COPD. MEgreye0 |11 | 039 099 08 017 043 o7 corov o | COPD, age, pack-years). (B) Top 10 enriched
e p Ithel I U m (SAE) IS Ce ntra I to a I rfl OW O bStrUCt|On, . . . . . . . . . TP-values were calculated using Chi-Square Tests for categorical variables (e.g., MEplum? 049 041 066 00012 096 0.062 Cell Cycle Checkpoints - _ pathways for the COPD-associated module (—
, L . attempt to maintain tissue integrity by increasing DNA replication and DNA smoking status. history of asthma. inhaled medication usage) and Mann-Whitne MEightsteelblue1 ||| 080 055 03 084 080 088 logio adi. p-value). (C) Module preservation in
field cancerization, and a promising source of earl ’ e o , con cyce | |
’ P g Yy repair mechanisms. However, chronic injury and inflammation create a high U Tests for continuous variables (e.g., pack years, lung function measures) when OOQOQ@A»S\"&\@C’ OGJ‘;\?"&% Q\@@"\ o — . . TCGA-LUAD: Z summary (left) and MedianRank
. . . . . normality assumptions were not met. Statistical significance was defined as p < & & F o 10 20 30 (right). COPD-associated modules highlighted; Z
detection biomarkers. baseline of DNA damage that the repair systems struggle to keep up with. 0.05, with significant values shown in bold. v —logyo (Adjusted P-value) > 10 indicates strong preservation.

 Hypothesis: We hypothesized that transcriptomic

. . . Right panel (Transformation): When repair pathways fail (such as with TP53
changes in COPD-affected small airways provide tations) cells continue through the G,/M checkpoint, replicating DNA . . L . . . e e
o . o mutations) cells continue through the G2/M checkpolnt, replicating Overexpression of genes in the pro-mitotic transcriptional program induces chromosomal instability in airway and lung
insights into the lung cancerization process. despite unresolved damage. This leads to: 5 cancer cells
. o . . . . e . . . . MND1
» Sustained proliferative signaling (cells keep dividing despite injury). A ¢ v
. ope . . NETOZ
 Genome instability and mutation (errors accumulate in the genome). HBEC KT 53 cell H1299 cell
: . cells
e Resistance to cell death (mutated cells bypass apoptosis). SY[s G2 Celleycle G cells
M ETH O DS » Raigp7 NP A C D LacZ PLKA4 F
FLK1 DEPDCH ] LacZ PLK4
L Y ) e ek
GF2BP3 F7
CENPE  KIF4AdMTER? H2 g g~ GAPDH
REFERENCES & ACKNOWLEDGEMENTS T e, S o g T
e ° N s o — PTTG N ene Tvbe duplication - = 5
cSmaII airway epithelial cells e Transcriptome profiling 3021 CENPW-PBcgg(r;M cefbi f&ips Gene Type c e = > E - i i B p
3 A3 ubScore < expression
% ASF&SPM _ S‘ ) TOP2A Hubs 0 N =000 60- *:***
% B%C A2 ‘. .(I&A k:\fithin —_—
e > 1 g7
1 Gonzalez J, Marin M, Sdnchez-Salcedo P, Zulueta JJ. Lung cancer screening in patients with chronic i et ECNE2 0: 7 3 T
obstructive pulmonary disease. Ann Transl Med. 2016 Apr;4(8):160. doi: 10.21037/atm.2016.03.57. c“=9’0.1 : 2 2¢ ?;z =
- | PMID: 27195278; PMCID: PMC4860483. 2o < <
L‘J ‘. ‘ 2Young RP, Hopkins RJ, Christmas T, Black PN, Metcalf P, Gamble GD. COPD prevalence is increased in lung .
| cancer, independent of age, sex and smoking history. Eur Respir J. 2009 Aug;34(2):380-6. doi: — — Lo BLIA LacZ PLK4
, 10.1183/09031936.00144208. Epub 2009 Feb 5. PMID: 19196816.
Affymetrix Human Gene 3Forder A, Zhuang R, Souza VGP, Brockley LJ, Pewarchuk ME, Telkar N, Stewart GL, Benard K, Marshall EA Figure 2. (A) Scatter plot of module membership (MM) Figure 3. (A) Western blots confirming PLK4 overexpression in HBEC KT53 cells relative to LacZ controls. (B) Quantification of
1.0 ST Array . ’ ’ hani ! ibuti ’ h b°d" f ' q ’ ’ | Sci ’ 007 versus gene significance (GS) for COPD in the centrosome amplification (%CA); %CA was calculated by the proportion of total cells analyzed that had >2 centrosomes. Data
n = 238 (Collected during bronchoscopy) Reis PP, Lam WL. Mec anls:ms Contri }Jtlng to the Comorbidity of COPD and Lung Cancer. Int J Mol Sci. saddlebrown module. Point size indicates intra-module represent 3-4 independent replicates scoring at least 150 cells per replicate. Asterisks indicate p-value significance for a Student’s t-test
2023 Feb 2;24(3):2859. doi: 10.3390/ijms24032859. PMID: 36769181; PMCID: PM(C9918127. connectivity (kWithin). Genes with HubScore > 0 (red) are comparing CA in LacZ- and PLK4- expressing cells (***p < 0.001). (C) Representative HBEC immunofluorescence images showing
. B TR “Tammemagi MC, Lam SC, McWilliams AM, Sin DD. Incremental value of pulmonary function and sputum above the mean across MM, GS, and kWithin; those with DAPI-stained nuclei (blue) and Cep192-labelled centrosomes (orange). (D) Western blotting was used to confirm upregulation of PLK4
Gene co-expression network o PrlorltlZIng hub genes DNA image cytometry in lung cancer risk prediction. Cancer Prev Res (Phila). 2011 Apr;4(4):552-61. doi: HubScore < 0 (grey) are below. (B) Schematic illustration in H1299 cells upon treatment with 500ng/mL doxycycline. (E) Quantification of %CA in H1299 cells. %CA was calculated as described
: ' . ' ’ ' ' . . . ' [ 1 . of PLK4 function. (C) Boxplot showing PLK4 expression in in B. Bars show means + SEM with significance by Student’s t-test (** p < 0.01, **** p < 0.0001). (F) Representative H1299 images as in
ana|YS|S (WGCNA) e o T E:)lO.:F158/1940-62.07.CAPR-10-0183. Epul.:) 2011 Mar 16. PMID' 21411501. 0.4 0.5 Eigen;):‘ne connec(:i\T.rity (KME) 08 0.9 small airway epithelium (SAE) (Wilcoxon test). (C), highlighting enlarged centrosomes upon PLK4 induction.
MembBershin'  Significance’ Connestivity Guillaud M, le Riche JC, Dawe C, Korbelik J, Coldman A, Wistuba Il, Park IW, Gazdar A, Lam S, MacAulay
® CE. Nuclear morphometry as a biomarker for bronchial intraepithelial neoplasia: correlation with genetic
@ o o © ' damage and cancer development. Cytometry A. 2005;63(1):34-40. doi: 10.1002/cyt0.a.20101. PMID:
A 15614828
Q' . * ° ° ° ° ° ° [ ° e
B e | A large cohort of precancerous lesions revealed marked nuclear irregularity and cellular aneuploidy in individuals with
eigengene LY L = = . . . oge o o o o o o o
Artificial Intelligence (Al) Use Disclaimer COPD, with these chromosomal instability metrics correlating with lung function and histological severity
T I HSE No artificial intelligence tools were used in the development of this poster.
_ _ . o GS refl h Gtk 6Tk ith Cellular Aneuploidy Score: (n=3270 * Nuclear Irregularity Index: (n= 3258 A 6015 p=22x107° C x 3 g 10" D . P
Expression prograriis aSS()_Clat.ed with COFr:E) c?ica:gsr:o:igorre tion o fhe gene Wi subjects), a measure of the number of subjects), derived from nuclear s0 e 2, Pl =Tt L S p=0-128 p=148%10
COPD and their preservation in Iung e kWithin indicates how interconnected a gene is Acknowledgements cytologically abnormal (aneuploid) cells morphometry measures of bronchial g 2 ‘g
adenocarcinoma tumors with other members of the module . . . detected in sputum samples, where intraepithelial neoplasia biopsies, where %;25 ks E
This work was supported by funds from the Canadian Institutes of Health Research (CIHR), higher scores indicate higher aneuploidy higher Ml scores correlate with increased > ‘ s
PLK4 overexpression in HBEC Cytological and morphological the Terry Fox Research Institute, and the BC Cancer Foundation. V.G.P.S. was supported by - | e pathology, genetic damage and LC risk ® § ______ g
and H1299 cells, western blot measurements a Canada Postdoctoral Research Award (CPRA) from CIHR (FRN-208415) and a CIHR PSS i e v S E
+ immunofluorescence Institute of Cancer Research travel award (ISU-206502). K.H.B. was supported by a Canada § o ARSI e Sl _ = —— S
. 1 . « . % < 4 FEV1% Post Bronchodilator (Pred) C)\ ,bé\\\e
T arT——— Graduate Scholarship - Master's Award from CIHR and the BC Cancer Foundation Rising == 5 .@"*“4
it Eiolody Seoncili Blopdes Stars Award (F26-03439). 2 E§ B | oupp2a0m R
4 Lat’s Connact w % i g g . " Figure 4. Cross-sectional correlations between FEV,% and instability metrics: FEV:% vs
= Our Lab ) A (>3 3 E ; 3 Cellular Aneuploidy Score (A); FEV1% vs Nuclear Irregularity Index (B). Dashed red lines
_ l i @ vsouza@bccre.ca E P BC . : indicate linear fits. (C) Nuclear Irregularity Index by histologic stage from normal -
& j - Z micro-invasive. Dashed red line, linear fit. (D) Cellular Aneuploidy Score across the same
- % </@ - & ‘;‘ m Vanessa G. P. Souza . CI H R I RSC CAN 251 N 2 stages.
e , X @Souza_pVanessa [u] Bl G fosearen o st tu Canadn: CE R eore (S D T GERD FEV i3 Pos Sronchocior (P
n= 3270 subjects n= 3258 subjects




	Slide 1

