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INTRODUCTION

Squamous Cell Carcinoma (SCC) is one of the most frequent cancers worldwide. It arises from the epithelial lining
of different organs giving rise to a diverse group of tumors, including skin (cSCC), head and neck (HNSCC), lung
(NSCLC) and thyroid (SCTC) cancer. Added to their incidence, most SCC subtypes are characterized by their poor
prognosis, with a 5-year survival rate usually below 50%. This tendency has not shown a significant improvement
over the past decade, exposing a clear need for new therapeutic targets.

Despite their differences, SCC subtypes have been shown to share a common molecular profile. Proliferation,
adhesion, survival, motility and invasion are some cellular functions recurrently altered in SCCs. These functions
are known to represent the portfolio of the Rho GTPase family. However, their poor druggability makes them
unsuitable therapeutic choices. A largely unexplored area, though, is the possibility to target the guanine nucleotide
exchange factors (GEFs) responsible for the activation of these GTPases.

In this work, we have performed in silico analyses of the Rho GEF family to establish those members with potential
therapeutic value. We have identified VAV2 as one of the most promising candidates, and such potential has been
validated using mouse and human models of SCC.

OBJECTIVES

i. The identification of Rho GEF family members that harbor therapeutic potential for SCC.

ii. The validation of such therapeutic potential through in silico, mouse and human models of SCC.

iii. The description of the molecular and cellular mechanisms responsible for such potential.

METHODS

Bioinformatics of human SCC transcriptomic data

R was used for the in silico analyses. Raw data from cSCC and HNSCC patients was obtained from the GEO
database. Normalization and differential expression were performed using RMA and limma, respectively. Survival
analyses were done through Kaplan-Meier estimates of the overall survival.

3D culture of keratinocytes and HNSCC cells

Cells were counted and seeded onto 3D inserts and grown in 2D for two days. Once confluent, the airlift was
performed and the 3D culture was maintained for 12 more days. The cells were then fixed and processed for H&E
or immunohistochemical staining.

Mouse models for cSCC

2-month-old mice were treated with DMBA twice a week for 20 weeks. Tumor number and size were followed up
weekly. Upon termination, tumors were processed for H&E staining and analyzed by a pathologist.



RESULTS

VAV2 is a featured Rho GEF in SCC

In silico analyses of public high-throughput data revealed that some Rho GEFs are transcriptionally deregulated in
SCC. Among these, VAV2 is one of the few which: i) is consistently upregulated in cSCC and HNSCCs (panel A),
and ii) is correlated with the survival of HNSCC patients (panel B).

VAV2 catalytical activity confers pretumorigenic traits to squamous cells

To assess whether the upregulation of VAV2 can drive the transformation of squamous cells, we generated human
immortalized keratinocytes expressing a catalytically hyperactive version of VAV2 (VAV2onc). Upon 3D culture,
VAV2onc keratinocytes gave rise to hyperplastic epidermis (panel C). This was due to the expansion of the
undifferentiated K14+ population of the epidermis, caused by its increased proliferation (panel C). The generation
of cell lines expressing different members of the Rho GTPase signaling pathway allowed us to dissect the
molecular route through which VAV2 induces the acquisition of such pretumorigenic traits.

VAV2 activity impinges on SCC latency and malignancy

To find out whether this VAV2-driven program can effectively affect SCC carcinogenesis, we resorted to two mouse
models of chemical tumorigenesis. Upon DMBA treatment, KI mice expressing Vav2onc develop SCCs earlier and
with a higher degree of malignancy (panel D). Conversely, KI mice expressing a catalytically impaired version of
Vav2 show the opposite phenotype. They develop tumors with longer latency and with a small fraction of SCCs,
which are replaced by benign papillomas (panel E), thus suggesting that Vav2 activity controls the proliferation and
differentiation of SCC cells.

The blockade of VAV2 abrogates the tumorigenic potential of human SCC cells

We next sought to confirm whether the loss of VAV2 could be relevant in a therapeutic scenario. We established
3D cultures of both a HNSCC cell line and patient-derived cells. Upon VAV2 knockdown, these tumor cells produce
thinner epithelia, showing decreased proliferation and increased expression of differentiation markers (panel F),
clear signs of reduced malignancy.

CONCLUSIONS

Overall, the data presented in this work suggest that VAV2 harbors therapeutic potential in human SCC, and shows
that the complex family of Rho GEFs might be a source for therapeutically relevant targets.
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