
Supplementary Methods 

Identification of genes associated with early- and late-stage carcinogenesis 

Two different approaches were used to model the expression of each gene as a function 

of sample pathology. In one case, linear mixed-effects (LME) models were fit to the root-

transformed RPKM values; in these models, sample type (pathology) and patient were 

modeled as fixed and random effects, respectively. Separately, negative binomial (NB) 

models were fit to the raw coverage counts; in these models, the total number of uniquely 

mapped (nuclear) reads per sample, the sample type, and the patients were all modeled as 

fixed effects. In each case, these models were performed twice, using either histologically 

normal BC or premalignant cells as the reference group to compute coefficients. A t-test 

was then performed to assign significance to each gene with respect to each coefficient in 

each model. From those genes for which both iterations of the model were successfully 

fitted to the data ("numerically stable"), a set of genes with a nominal p < 0.05 for the 

Tumor versus Normal (T vs N) coefficient was identified. Each of these sets was then 

filtered to identify genes for which the Premalignant versus Normal (P vs N) or the 

Tumor versus Premalignant (T vs P) coefficient also had a nominal p < 0.05 and a sign 

matching that of the T vs N coefficient (early-stage and late-stage genes, respectively). 

Finally, the sets of genes obtained from each approach were intersected to identify 626 

early-stage genes (significantly differentially expressed in a similar manner in both 

premalignant lesions and tumor compared to normal BC), 730 late-stage genes 

(significantly differentially expressed in a similar manner in tumor compared to both 

premalignant lesions and normal BC), and 68 "stepwise" genes (significantly 

differentially expressed in both stages of carcinogenesis). 

 



Supplementary Data 

Supplementary Figure S1. Laser capture microdissection.  

Images of H&E-stained tissue sections before and after laser microdissection. Top rows: 

normal airway epithelium; middle rows: premalignant lesions; bottom rows: SCC. Left 

columns: pre-microdissection; middle columns: post-microdissection; right columns: 

captured tissues. 

 

Supplementary Table S1. Patient demographics.  

List of SCC patients with their age, gender, grade of premalignant lesion, and assays 

performed. 

 

Supplementary Table S2. Alignment statistics.  

The number and percentage of reads aligning uniquely to the nuclear (autosomal and sex) 

or mitochondrial chromosomes, or not uniquely aligned, are shown for each sample. 

 

Supplementary Table S3. Genes associated with SCC carcinogenesis.  

The 1288 genes (558 early, 68 stepwise, 662 late) identified as significantly associated 

with SCC carcinogenesis by both the linear mixed-effects and negative binomial models 

are shown, along with the t statistics and p-values from each model, the number of 

aligned reads in each sample, and the median number of aligned reads across all samples. 

 

Supplementary Figure S2. Experimental validation of PTBP3 expression. 

Immunofluorescent staining shows increased expression of PTBP3 in premalignant lesion 

and SCC compared to BC in the normal epithelium. Top rows: normal airway epithelium; 



middle rows: premalignant lesion; bottom rows: SCC. Left columns: KRT5, stained in 

red as marker for BC, premalignant lesions, and tumor cells; middle columns: PTBP3, 

stained in green; right columns: merged images of left and middle columns. DAPI, 

stained in blue, as nuclear marker in all images. White scale bars: 50 μm. Insets show 

close-up views of the boxed regions. 

 

Supplementary Table S4. IPA biological functions analysis. 

Categories and annotations of significant biological functions in early and late 

carcinogenesis. The p-values show how significant the differences are in the biological 

functions between normal BC and premalignant lesions (early stage), or between 

premalignant lesions and tumor (late stage). The activation z-scores indicate whether 

such functions are increased (positive z-score, higher activity in premalignant lesions in 

early stage, higher activity in tumor in late stage) or decreased (negative z-score, lower 

activity in premalignant lesions in early stage, lower activity in tumor in late stage). IPA 

indicates that z-scores of ≥ 2 or ≤ -2 are considered to be significant.  

 

Supplementary Table S5. MYC activity prediction and its target genes. 

MYC target genes in early-stage carcinogenesis, and the prediction of MYC activity 

based on the direction of target gene expression. 

 

Supplementary Table S6. TP53 activity prediction and its target genes.  

TP53 target genes in early-stage carcinogenesis, and the prediction of TP53 activity 

based on the direction of target gene expression. 

 


