Genomic analysis points to changes in markers of stemness in oral cancer progression
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INTRODUCTION
In clinical cancer treatment there is an continuing effort to identify limited
gene sets from high dimensional data to predict risk, treatment response, etc.
Oral carcinogenesis is a multistep process of mutations, disordered growth,
and the development of invasion. In the oral cancer milieu, inflammation and
stemness have been demonstrated to be cooperative during carcinogenesis.
Deeper understanding of these areas could provide improved molecular target
identification. We hypothesized that differences in inflammation, stemness,
and EMT might distinguish lesion and adjacent normal mucosa in our RNAseq data on preneoplastic lesions. In pursuit of this goal, a small clinical trial
collected lesion and adjacent normal-appearing mucosa for subsequent RNAseq analysis. Once candidate genes are identified they might be applied to
other oral mucosal specimens to identify risk for malignancy development.
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RESULTS
Fig. 1: Hierarchical clustering illustrates distinct separation between lesion and perilesional normal mucosa of the
top 100 DE genes and identifies dysregulated pathways based on pathologic stage. Lesion (L) and nearby normalappearing (N) oral mucosa was sampled from leukoplakia patients. Patients were grouped by postsurgical pathology as
either dysplasia (P = premalignant) or early cancer (C = cancer). LP: premalignant lesion, NP: premalignant normal tissue,
LC: cancer lesion, NC: cancer normal tissue. Among the top 25 dysregulated pathways identified by Ingenuity Pathways
Analysis, 50% were associated with creation of fibrotic tumor microenvironment (TME), 20% were related to changes in
immune populations inhabiting the TME and 10% devoted to metabolism changes, including aldehyde oxidation and
neurotransmitter degradation. Orange-shade bars indicate an increase in the pathway, blue-shade bars a decrease and gray
bars indicate no clear pattern of movement. Boxed pathways relate to metabolism.

Fig. 3: Microscopy analysis of select ALDH markers shows dysregulated expression with pathologic diagnosis. Slides from our Phase
IIa clinical study were stained for ALDH1A1/2, ALDH3A2/ALDH10, and ALDH6A1 via fluorescence IHC. We chose ALDH markers for
study that were not expected to be cytoplasmic or nuclear in localization. Staining was quantified as positive or negative and classified by the
directional change between adjacent normal appearing and lesion tissue, pre-pioglitazone treatment. Pathology score was assigned from
detailed pathology comments. Staining and pathology scores were then compared to RECIST results. ALDH immunosignal, when grouped by
difference between normal and lesion pre-treatment tissue, can be classified by responsiveness to pioglitazone chemopreventive treatment and
we observed movement from mitochondrial to a perinuclear/ER positioning in samples from patients that responded more poorly to
pioglitazone treatment.
Panel 1: Representative patient sample showing increasing signal in lesion
compared to adjacent normal appearing tissue.
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Summary Table of ALDH differences between normal and lesion tissue, pre-treatment
Pathology scores: 0=normal, 0.5=inflammation,1=hyperplasia, 2=slight dysplasia, 3=moderate dysplasia,
4=severe dysplasia, 5=ulcer, 6=CIS; an additional 0.5 was added for diagnosis of inflammation
Recist responses post-treatment: CR = complete response, PR = partial response, SD = stable disease

Carcinogenesis in premalignant lesions  inflammation-driven immunosuppression
allows tumor to escape
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MATERIALS & METHODS

Clinical Specimen Collection: Biopsy tissue was collected in an IRBapproved fashion from our Head and Neck Surgery cancer clinic. Lesion and
normal-appearing adjacent mucosal tissue were collected from 9 patients each
with either early cancer (T1N0 and T2N0) or pre-cancerous oral leukoplakia
(pathologic diagnosis of dysplasia). Tissue was collected and stored in
RNAlater at 4°C for 12 to 72 hours, the RNAlater removed and the specimens
frozen at -80°C.
Total RNA Isolation: Total RNA was isolated from frozen tissue specimens
via RNeasy Plus Universal Mini Kit. Assessment of RNA purity and
concentration was assessed by UV spectroscopy (NanoDrop) and fluorimetry
(RiboGreen quantification). RNA integrity was determined by Agilent 2100
Bioanalyzer and a Tapestation.
RNA Sequencing: Sequencing libraries were generated using the Illumina
Truseq Stranded mRNA library prep kit. Final libraries for each sample were
assayed on the Agilent Tapestation for appropriate size and quantity. Libraries
were pooled in equimolar amounts as ascertained via fluorometric analyses.
Final pools were absolutely quantified using qPCR on a Roche LightCycler 480
instrument with Kapa Biosystems Illumina Library Quantification reagents.
Sequencing was performed on an Illumina Hiseq 3000 instrument with pairedend 75bp read and sequenced to an overall depth of 30 million reads per
sample.
IHC Validation: We utilized tissue from our open label leukoplakia Phase IIa
clinical trial (ClinicalTrials.gov Identifier: NCT00099021) where participants
were treated for 12 weeks orally (PO) once daily (QD) with 45 mg pioglitazone
hydrochloride. Slides were stained for ALDH1A1/2 (SC-22588), ALDH3A2
(Thermo 15090-1-AP), ALDH 6A1 (SC-271582) using Qdot secondaries and
streptavidin-biotin enhancement and Cy3 for ALDH3A2 and imaged on a
Nikon A1 confocal microscope at X200. Nuclei were detected with
bisbenzamide.

Fig. 2: Analysis of non-overlapping pathways yielded changes in dysregulated genes between pathologic states.
With regard to stemness, inflammation, and EMT, we found multiple candidate genes that could be incorporated into a
limited gene set for further studies. We analyzed the non-overlapping dysregulated genes and pathways between
pathologic states and discovered changes in select aldehyde dehydrogenase family members between normal tissue,
dysplastic tissue, and early cancer. Diagram shows unique gene sets. Table shows increases and decreases in expression
in dysregulated aldehyde dehydrogenase family members. Arrow depicts change in gene expression first condition
compared to second condition. Fold change is log2FoldChange followed by padj (adjusted P value) from DE
(differential expression) analysis. Empty boxes indicate gene was not significantly dysregulated in stated pathology
comparison.
Marker

Dysplasia v Normal

ALDH1A1

Cancer v Normal
↓ 1.73 fold,0.0238

ALDH1A2

↑ 1.93 fold,0.007

ALDH1A3

↑ 1.63 fold,0.030

ALDH1L1

↑ 1.5 fold,0.012

ALDH1L2

↓ 2.08 fold,0.0004

↑ 1.53 fold,0.012

ALDH3A1

↑ 2.11 fold,0.001

↓ 2.58 fold, 3.27e-07

ALHD3A2
ALDH6A1

Cancer v Dysplasia

↓ 1.30 fold,5.32e-05
↑ 0.94 fold,0.0008

↓ 0.988 fold,0.00095

↑ 2.25 fold,0.0085

Panel 1 (above) shows increase in signal in lesion
compared to normal. Dysmorphic cells showed a
perinuclear vs mitochondrial pattern. ALDH1A1/2 is
present. Panel 2 (center) shows little change between
adjacent and lesion samples. 1A1/2 (green) was not
present except for an ulcerated region and mitochondrial
staining for 3A2 (red) is more frequent. Panel 3 (right)
shows decreasing signal between adjacent and lesion
mucosa. Cells showing perinuclear staining are less
frequent and ∆ Pathology Score between pre-treatment
normal and lesion pathology is significantly lower (p <
0.05) than the other two major patterns. Overall, ALDH
immunosignal was apparent in focal lesions within the
hyperplastic epidermis and in dysmorphic cells located
immediately below the submucosal boundary. The 3
classifications may suggest 3 regimes of molecular
pathology within dysplasia as defined by H+E.

RECIST score
in subsequent
pioglitazone
treatment

Pattern of change
(adjacent  lesion)

Cases

no signal  no signal

3

4 ± 1, includes one carcinoma
in situ

PR

3A2, 6A1,1A1/2  increasing
signal

4

3.125 ± 0.375

2 SD + 2 PR

3A2, 6A1  no or little change

5

2.8 ± 0.37, 1A1/2 found only in
one ulcerated sample

PR

no signal  3A2, 6A1

2

2±1

CR, PR

3A2,6A1 only  less signal

5

1 ± 0.47

Panel 2: Representative patient sample showing little change
between lesion and adjacent normal tissue.
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∆ Pathology Score
lesion – adjacent, mean ± SE,
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* = p < 0.05

*
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Panel 3: Representative patient sample showing decreasing signal
between lesion and adjacent normal tissue.
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CONCLUSIONS

• After developing a biospecimens collection procedure that functions in the senior author’s clinic, we were able to generate sequenceable
RNA from 100% of the collected samples.
• Subgroup analysis, of the patients grouped by postsurgical pathology as either dysplastic (LP vs. NP, Stage 1) or early cancer (LC vs
LP, Stage 2) showed a different split with dysregulation of metabolism (~50%) predominating in Stage 1. Metabolism fell only to a still
important 30% of the top 25 pathways in Stage 2.
• Non-overlapping gene set analysis revealed dysregulation in members of the aldehyde dehydrogenase family.
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• IHC validation of selected aldehyde dehydrogenase genes showed correlations with changes in tissue progression from normal tissue to
dysplasia to early cancer and directionally confirmed DE analysis. Microscopy results support our prediction from non-overlapping DE
analysis that ALDH may identify stages of pathology within dysplasia.
•We conclude there are differentially expressed inflammatory, EMT, and stemness markers in oral preneoplastic specimens. We have
identified multiple candidate genes that could be added to a limited gene panel (12-24 genes) for further studies of oral cancer risk in
mucosal lesions and shown differences between expression in normal and lesion tissue can be used to group patients.

