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Abstract

Well-differentiated thyroid carcinoma is a common type of thyroid cancer that is increasing in incidence.
The cytologic and pathologic diagnosis of thyroid follicular tumors is often challenging, resulting in
thousands of unnecessary surgeries for benign disease and disagreement amongst pathologists. More
objective diagnostic tools would help reduce these difficulties. Further, in this age of targeted therapy,
improved understanding of follicular cell thyroid cancer and its progression to aggressive forms of thyroid
cancer would be beneficial for the development of appropriate novel therapies. In this presentation,
some recent translational work using gene expression profiling approaches is presented.

Introduction

Follicular cell thyroid carcinoma is broadly divided into papillary (PTC) and follicular types (FTC). This
distinction is based primarily on their morphologic overall features, i.e. tumor architecture and
characteristic nuclear features (e.g., optical clearing). The classification is clouded by the recognition of
variants such as the follicular variant of papillary carcinoma (FVPTC) and the subjectivity inherent in
morphologic assessment. Consequently, there persists a high degree of diagnostic intra- and inter-
observer variability'. One of the goals of genomic molecular pathology approaches is to reduce the
diagnostic subjectivity of follicular cell tumors?. Over the past few years, several laboratories, including
ours, have begun to use genomic approaches to address several issues in thyroid follicular cell
pathology, such as understanding pathogenesis and improved diagnosis and prognosis. This
presentation will highlight some work in this field.

Gene expression profiling recapitulates the overall classification of thyroid tumors

Using commercially-available oligonucleotide DNA microarrays (Affymetrix U133A), our laboratory has
generated a gene expression dataset that corresponds to the common types of benign and malignant
thyroid tumors. Various clustering methods have been applied to this dataset derived from 99 thyroid
samples, resulting in a molecular classification that recapitulates the overall morphologic classification of
thyroid tumors (Figures 1 and 2). This observation provides strong and compelling validation of the
microarray data. The result from the first method, principal component analysis (PCA), is shown in
Figure 1.
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Figure 1. Principal components analysis (PCA) of 99 thyroid samples (95 tumors and 4 normal thyroids). The PCA
reveals separation of the papillary carcinomas (brown), the anaplastic carcinomas (red), and defines a follicular
patterned cohort that includes normal thyroid (dark blue), follicular adenoma (black), follicular carcinoma (green).
Further, the oncocytic tumors (purple and yellow) also define a separate group. Two medullary carcinomas are
distinctly different (light blue).

The result from the second clustering method, hierarchical clustering (HC), is shown in Figure 2. In
addition to morphologic assessment, the tumors were genotyped for their common mutations (e.g.
BRAF, RET/PTC, RAS, PAX8-PPARgamma translocation). These results from the PCA and HC along
with morphologic assessment reveals some interesting observations and confirms some previously
known relationships, as outlined below:

1. There is a large degree of heterogenetic within the PTC cohort. This is consistent with the

numerous morphologic variants associated with PTC and several different activating mutations

(BRAF, RET/PTC, and RAS) (Figure1).

Follicular patterned lesions (FA, FC and normal thyroid) share similar global patterns of gene

expression.

Oncocytic tumors, benign and malignant, share global gene expression profiles.

Anaplastic carcinoma has a distinctly different gene expression pattern.

Medullary carcinoma has a distinctly different gene expression pattern.

Hierarchical clustering divides the cohort generally into tumors with papillary architecture and

follicular architecture (Figure 2).]

PTC with BRAF activating mutations form several subclusters with the papillary architecture

cluster (Figure 2).

8. PTC with RET/PTC mutations form 2 subclusters within the papillary architecture cluster (Figure
2).

9. PTC, follicular variants, form 2 sublusters within the follicular patterned tumors and have a
predominance of RAS mutations.

10. FTC with the PAX8-PPARgamma translocation form a distinct subcluster within the follicular
patterned lesions (Figure 2).

11. Normal thyroid shares a similar global gene expression profile within the follicular patterned
samples (Figure 2).

12. Separation of many of the follicular patterned tumors is not straightforward (Figure 2).
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Figure 2. Hierarchical clustering of 99 thyroid samples divides the tumors into 2 broad groups, i.e. tumor with
papillary architecture and tumors with follicular architecture.



Activating mutations of the MAPK pathway are the primary determinant of gene expression
variation within PTC

Examination of the PTC cohort by PCA revealed a molecular classification of PTC that was a reflection of
both tumor morphology and underlying activation mutation®, as summarized in Figure 3.
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Figure 3. PCA of 51 PTC samples showing the relationships between tumor morphology and gene expression and
mutation and gene expression. PTC with BRAF (red) tend to form a distinct cluster and have a tall cell morphology.
PTC with RET/PTC rearrangements (yellow) tend to form a distinct cluster and have a classic papillary morphology.
PTC with RAS mutations tend to form a distinct cluster (blue) and have a follicular morphology.

This striking observation means that these mutations are the primary determinants of gene expression
variation in these tumors. The broader implication is that PTC is a relatively simpler carcinoma
compared to many other common epithelial tumors, e.g. lung adenocarcinoma, in which it is much harder
to define a relationship between mutation and gene expression. The implication of this observation is
that PTC should be amenable to treatment with targeted therapies that block these activating mutations.
Clinical trials are underway with specific BRAF inhibitors and it will be interesting to see their results.
Animal studies suggest the BRAF inhibition will be effective®.

Follicular carcinoma with the PAX8-PPARgamma translocation have distinct gene expression
profiles

Included in our dataset are 7 FTCs with the PAX8-PPARgamma translocation. This molecular alteration
was first described in 2000 in a subset of FTCs® and the observation has since been confirmed and
extended by a number of studies®®. Several groups have examined gene expression in these tumors'®
"2 with the 2 most recent studies in general agreement that these tumors display a characteristic gene
expression profile. The latter 2 studies revealed that FTC with PAX8-PPARgamma translocation have a
gene expression profile that is a function of the activity of the fusion protein, called PPFP. These studies
have implications for the role of this fusion protein in the pathogenesis of this type of FTC and by
extension the treatment of this tumor. These aspects were recently reviewed'.



Potential of molecular profiling for thyroid tumor diagnosis and prognosis

Many studies have examined the potential of molecular profiling for thyroid cancer. While none of the
studies have resulted in a clinically available and validated diagnostic assay, the results are generally
encouraging. For instance, a recent study by Lubitz et al. showed that gene expression profiling could
be accurately employed at the cytology level'*. Using a small cohort of 22 FNA specimens, they showed
that examining 25 differentially expressed genes could correctly classify these lesions using hierarchical
clustering. Although this study needs to be extended to a larger cohort and hierarchical clustering is not
recommended for diagnostic assays'?, it illustrates the potential of genomic approaches especially if they
can be applied at the pre-operative level.

Other studies have addressed the issue of genomic prediction of prognosis, a difficult task given the
overall excellent prognosis of thyroid carcinoma. One such study used a genomic approach to delineate
the MUC1 gene as an independent prognostic factor in PTC in a multivariate analysis'®.

MicroRNA profiling

MicroRNA profiling represents a complementary approach to messenger RNA profiling. MicroRNAs are
small RNA molecules that are thought to function as negative regulators of gene expression'’. They
possess significant diagnostic potential’®* and have begun to be examined in thyroid cancer®®?°. In
addition to a role in PTC, our study of FTC with PAX8-PPARgamma translocation showed altered
expression microRNA target genes, suggesting that microRNAs may play a role across the full spectrum
of thyroid tumors. Much work still needs to be done in this exciting and promising area.

Conclusion

The potential of using molecular profiling for thyroid neoplasia is significant. Such approaches have and
should results in:

Improved understanding of thyroid tumor pathogenesis.

Improved understanding of thyroid cancer progression to aggressive forms.
Refinement of thyroid tumor classification.

Identification of novel diagnostic markers.

Identification of novel prognostic markers.
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Collectively, these advances should result in improved management and care of patient with thyroid
nodules and cancer.
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