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Abstract
Background: Late stage thyroid cancers characterized by metastasis and invasion have a poor
prognosis compared to those with localized disease. However, there are limited therapeutic options and
few biomarkers to indicate which patients will develop aggressive disease. Our lab has identified Focal
Adhesion Kinase (FAK) as a key regulator of thyroid cancer growth, invasion, and metastasis. FAK is a
non-receptor tyrosine kinase that is auto-phosphorylated at tyrosine 397 (Y397) in response to integrin or
growth factor receptor signaling resulting in the activation of downstream signaling pathways. FAK has
also been shown to localize to the nucleus in response to cellular stress via a nuclear localization
sequence to promote increased cell survival. We have found that FAK is localized to the nucleus in a
subset of thyroid cancer patients, but it’s unclear how FAK is localizing to the nucleus and what its
function is in the nucleus.
Hypothesis: Given the role of cellular stressors to promote tumor growth and metastases in thyroid
cancer, I hypothesize that cellular stress induces nuclear localization of FAK to promote a more
aggressive phenotype in thyroid cancer.
Results: I first analyzed the role of hypoxia since low oxygen environments cause tumor cells to secrete
pro-inflammatory cytokines to recruit blood vessels to stimulate tumor growth. I found that FAK localizes
to the nucleus within 30 minutes of exposure to a hypoxic environment of 1% oxygen. Furthermore, I
found that this nuclear localization is dependent on phosphorylation of Y397 FAK. Next, I addressed the
functional role of FAK in the nucleus and found that thyroid cancer cells secrete high levels of pro
angiogenic cytokines that is reduced when FAK is excluded from the nucleus in hypoxia. Thus, hypoxia
induces nuclear localization of FAK through phosphorylation of Y397 FAK to promote the secretion of
pro-angiogenic cytokines.
Significance: Overall, nuclear FAK may serve as a biomarker of aggressive disease and novel
therapeutic target in thyroid cancer.
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Figure 1. Eleven PTC samples were stained for pFAK. Nuclear pFAK was detected in 8/11
samples. Intensity and proportion was scored by a pathologist in relation to localization, and
is indicated below each image. Representative images are shown.

Nuclear FAK is necessary for anchorage independent 
growth

Figure 2: A) Western blot of BCPAP parental or KO FAK CRISPR;Cas9 cells with indicated 
antibodies. B) Western blot analysis of total cell lysates from BCPAP CRISPR KO FAK cells 
stably transfected with Empty Vector (EV), WT-FAK, or Nuclear localization FAK Mutant (NLM). 
The blots were probed with antibodies against pY397 FAK, total FAK, and a-tubulin. C) 
Immunofluorescence of representative KO BCPAP FAK cells stably transfected with EV, WT, or 
NLM with an antibody against pY397 FAK. D) Soft agar assay of previously listed cells with 
total number of colonies counted after three weeks. **p<0.01.

FAK is localized in the nucleus in subset of human 
thyroid cancer tumors
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Signaling of Focal Adhesion Kinase (FAK)

FAK localization is tightly regulated

Hypoxia induces FAK nuclear localization

Figure 3. : Immunofluorescence of representative images of BCPAP thyroid cancer cells
cultured in 30 minutes of 20% oxygen or 1% oxygen. Cells were stained with an antibody
against F-actin, total FAK, and DAPI. Ratio of FAK Nuclear vs. Cytoplasmic Staining
intensity of approximately 30 cells was analyzed using Image J and corresponding DAPI
stain to quantify.

Phosphorylation of Y397 FAK is required for localization 
of FAK to the nucleus 

Figure 5. (A): Immunofluorescence of representative images of KO BCPAP FAK cells
stably transfected with EV, WT, or Y397F with an antibody against total FAK. (B)
Western blot of nuclear versus cytoplasmic fractionation of KO FAK cells transfected
with EV, WT FAK, Y397F, and NLM. The blots were probed with antibodies against total
FAK, PARP, and a-tubulin.
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Figure 4. (A) Heat map of supernatants from KO BCPAP cells transfected with EV, WT, or
NLM cells exposed to 24 hours of 1% oxygen. Supernatants were analyzed using the R&D
angiogenic cytokine array. (B) ELISA for VEGFA of supernatants from KO BCPAP cells
transfected with EV, WT, or NLM cells exposed to 24 hours of 1% oxygen.

Cellular stress induces nuclear localization of FAK 
to promote a more aggressive phenotype in thyroid 

cancer.

Exclusion of FAK from the nucleus reduces secretion of 
pro-angiogenic cytokines
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