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Future PerspectivesConclusions

Chick embryo CAM model for tumor development and Metastasis

Scaffold proteins in the Ras-ERK pathwayRas-ERK Pathway and the different Ras localizations  

Figure 1. Ras-ERK pathway and the different Ras compartmentation 

A) ERK cascade activation by growth factors (EGF) from cell membrane. MAP kinase cascade activation is triggered by binding a particular ligand to a tyrosine kinase receptor (TKR) or G

coupled-protein (GCPR). After this, ERK may perform its action on nuclear or cytoplasmic substrates. B) H-Rasv12 selectively tethered to defined subcellular compartments by specific

localization signals: M1 protein for Endoplasmic Reticulum localization, the LCK myristoylation signal for Lipid Raft anchoring, the CD8α transmembrane domain for Disordered Membrane
localization and the KDEL receptor for the Golgi Complex localization.

Materials and Methods

Proliferative, Migrative and Invasive behavior of IQGAP2 knock-out 
tumor thyroid cells 

. Figure 7. Study of metastasis in the chick embryo animal model. B) Weight of the tumor formed by

IQGAP2 knock out PCCL3 H-RasV12, IQGAP2 knock out PCCL3 H-RasV12 LCK and IQGAP2 knock out

PCCL3 H-RasV12 KDELr. C,D,F) Number of IQGAP2 knock out PCCL3 H-RasV12, IQGAP2 knock out

PCCL3 H-RasV12 LCK and IQGAP2 knock out PCCL3 H-RasV12 KDELr cells that were able to invade the

CAM (B), the lungs (C) and the liver (D) when samples were analyzed by quantitative PCR with the specific

primers as described in Material and Methods.

The bar chart shows the average� the SEM and analysis of variance was performed by using the Student t-test.

Thyroid cancer is the most common endocrine malignancy worldwide. In 70% of the cases, it is related to mutation that activate the Ras-Raf-MEK-ERK cascade, a well-known pathway related with cellular transformation, proliferation and tumour progression. The high frequency of aberrant Ras expression in this pathway results in the more
aggressive and worse prognosis thyroid carcinomas. Moreover, Ras proteins are distributed in different types of plasma membrane and endomembrane microdomains: endoplasmic reticulum, lipid rafts, disorder membrane and the Golgi complex. It has been shown that compartmentalization dictates the use of Ras effectors, the intensity of their
signals and consequently the biological response of the cells. Furthermore, the last studies shown the participation of scaffold proteins in the spreading of site-specific Ras signals to enhance the activation of ERK targets. However, although IQGAP2 expression is downregulated in some neoplasms, their role in thyroid cancer is not well
documented yet. We have generated by CRISPR/CAS9 genome editing an IQGAP2 knock out stable PCCL3 cells lines expressing H-RasV12 in the different subcellular localizations, with the purpose of study their proliferative, migrative and invasive behavior. Moreover, we have used the chick chorioallantoic membrane embryo model to
determine the role of IQGAP2 in thyroid tumor progression in vivo. This information can contribute to determine the participation of IQGAP2 in thyroid cancer and develop new cancer therapies where therapeutic agents are used to suppress the oncogenic signaling through the Ras-ERK axis, hopefully improving tumor control and survival of
thyroid cancer patients in the future.

Selective tethering of H-RasV12 to defined sublocalizations in PCCL3 cells
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• HA-HRasV12 and HA-KDELr-HRasV12 PCCL3 stable cell lines were correctly transfected with their correspondent construct.

• The IQGAP2 knock out H-RasV12 PCCL3 stable cell lines shown a dramatic reduction of IQGAP2 expression.

• The proliferative behavior was not affected by the absence of IQGAP2, but the migratory and invasive behaviors were enhanced when
the cells were not express IQGAP2, especially those that Ras signaling arising from GC and it is ERK1/2 independent. 

• The metastatic profile of IQGAP2 knock out H-RasV12, LCK and KDELr PCCL3 stable cell lines, but the unique significative results were
observed in the tumor weight between KDELr and IQGAP2 knock out KDELr cells. 

Cell Culture and Transfection

PCCl3 cells and the different site-specific PCCL3 H-RasV12 (PCCL3 H-RasV12, PCCL3 H-RasV12 M1, PCCL3 H-RasV12 LCK, PCCL3 H-RasV12 CD8, PCCL3 H-RasV12 KDELr) cells

was routinely maintained in the 6H medium – 5% fetal bovin serum (FBS). Subconfluent cells were transiently transfected with the CRISPR/Cas9 IQGAP2 construcut using LTX

(Invitrogen) according to the manufacture’s instructions.

Immunoblotting

Lysates were fractionated by 8% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto Nitrocellulose (Millipore) membranes. Immunocomplexes

were visualized by ECL detection (Amersham) with horseradish peroxidase-conjugated secondary antibodies (Biorad). The antibodies used were mouse monoclonal anti-IQGAP2 (Santa

Cruz), anti-P-ERK (Santa Cruz) and anti-a-tubulin (Sigma).

Imunofluorescence
Performing as describes in Casar B., et al. (2009). Thyroid cells were fixed with 4% of paraformaldehyde. Cells were incubated with the specific primary antibodies: anti-HA (Santa Cruz)

and anti-GM130 (Biosciences). We used secondary antibodies labeled with Alexa 594 (red) and Alexa 488 (green).

Measurement of cell proliferation
PCCL3, PCCL3 H-RasV12, PCCL3 H-RasV12 LCK, PCCL3 H-RasV12 KDELr and their CRISPR/Cas9 IQGAP2 respective cell lines were plated at 5000 and 30000 cells/well density in

24 and 96-well plate and cells were counted in a Neubauer Chamber or using the PrestoBlue Cell Viability Reagent protocol at different times (24, 48 and 72 hours).

Down-regulation the expression of IQGAP2 in tumor thyroid cells
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Measurement of cell migration
PCCL3, PCCL3 H-RasV12, PCCL3 H-RasV12 LCK, PCCL3 H-RasV12 KDElr and their CRISPR/Cas9 IQGAP2 respective cell lines were plated at 40000 cells/well density resuspended in 150μL

of serum-free media (without FBS) in 24-well plate with Transwell cell culture inserts. The insert has an 8μm pore polycarbonate membrane. After 72h, cells were counted and pictures were taken

using a Nikon DS-Fi2 microscope.

Measurement of cell migration

PCCL3, PCCL3 H-RasV12, PCCL3 H-RasV12 LCK, PCCL3 H-RasV12 KDElr and their CRISPR/Cas9 IQGAP2 respective cell lines were plated at 40000 cells/well density resuspended in 150μL

of serum-free media in 24-well plate with Transwell cell culture inserts previously covered with Matrigel. The insert has an 8μm pore polycarbonate membrane. After 72h, cells were counted and

pictures were taken using a Nikon DS-Fi2 microscope.

Tumor Formation and CAM intravasation in Chick Embryo

Fertilized eggs (Gibert Farm Tarragona, Spain) were incubated in a rotary incubator at 37ºC with 60% humidity for 10 days. At this time, the CAM was dropped as described Crespo & Casar

(2016). Single-cell suspensions of IQGAP2 knock out PCCL3 H-RasV12, H-RasV12 LCK and H-RasV12 KDELr cells were prepared at 1�106 cells in 25 μL of serum-free 6H and inoculated on

the dropped CAM. The embryos were incubated for 7 days in a humidified stationary incubator at 37ºC. Experiments were terminated on day 17, when primary tumors were excised and weighed.

The presence of rat thryroid cells in the CAM, lungs and liver were analyzed by specific Rat-PCR.
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Figure 4. Subcellular localization of targeted H-RasV12. A) Images (40X) of PCC3 cells stably transfected with theH-RasV12 construct, immunostained with anti-HA (red, first panel) and

DAPI (blue, second panel). B) Images (20X) of PCC3 cells stably transfected with the HA-KDELr-HRasV12 construct. H-RasV12 proteins were revealed by anti-HA (red, first panel) costained

with GM130 (green, second panel) as GC marker and the nucleus were revealed by DAPI (blue, third panel). Colocalization of HA-KDELr-H-RasV12 with the GC (Merge).
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Figure 5. Proliferative, migratory and invasive behavior of IQGAP2 knock out PCCL3 stable cell lines with the site-specific H-RasV12 constructs.
A,B,C,D) Proliferation behavior of IQGAP2 knock out PCCL3 stable cell lines with the site-specific H-RasV12 constructs. E) Number of PCCL3, H-RasV12, H-RasV12 LCK, H-RasV12 KDELr

and their IQGAP2 knock out partners cells that were able to migrate through Transwell cell culture inserts at 48 hours. F,G) Images (10X) of H-RasV12, H- RasV12 KDELr and their IQGAP2

knock out partners cells that were able to migrate to the bottom of the plate at 48 hours. H) Number of PCCL3, H-RasV12, H-RasV12 LCK, H-RasV12 KDELr and their IQGAP2 knock out

partners cells that were able to migrate through Transwell cell culture inserts covered by Matrigel at 72 hours. I,J) Images (10X) of H-RasV12, H- RasV12 KDELr and their IQGAP2 knock out

partners cells that were able to invade the bottom of the plate at 72 hours.

The bar chart shows the average� the SEM and analysis of variance was performed by using the Student t-test. P-value: **, P-value<0.005.
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Figure 2. Role of scaffold proteins in the Ras-ERK cascade. Figure 3. Scheme of principles domains of human IQGAP proteins

(Neubauer) (Neubauer)

(Neubauer) (Presto Blue)

G

I

J

F

Figure 5. Proof of the absence of IQGAP2

scaffold protein in PCCL3 H-RasV12, H-

RasV12 LCK and H-RasV12 KDELr stable
cell lines edited with CRISPR/Cas9

IQGAP2. The loss of IQGAP2 expression

were not able to reduce the levels of P-
ERK.

• Transfect the rest microdomains H-RasV12 cell lines with the CRISPR/Cas9 construct determining if the loss of IQGAP2 is different
depending on the microdomain from which Ras-ERK signaling is arising.

• Analyze E-cadherin expression levels in all the IQGAP2 knock out PCCL3 H-RasV12 cell lines.

• Identity the proteins that interact with IQGAP2 to help to understand which of these can be mediating the cellular behaviors that we
have seen and block the interaction of some of the proteins previously identified to check which one is mediating the effects.
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Figure 6. Steps of the eggs preparation for

xenografting tumor cells.
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