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The dysregulation of RasGRP1 (Ras guanine nucleotide-releasing protein 1) is known to contribute to numerous disorders

that range from autoimmune and inflammatory diseases and schizophrenia to neoplasia. Given its position at the

crossroad of cell development, inflammation, and cancer, RASGRP1 has garnered interest from numerous disciplines.
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1. Ras Guanine Nucleotide Exchange Factors: Introduction

Ras guanine nucleotide exchange factors (RasGEFs) are composed of three families of proteins: Ras guanine nucleotide-

releasing proteins (RasGRPs), Son of Sevenless (SOS), and Ras guanine nucleotide-releasing factors (RasGRFs). The

RasGRP family consists of four members, RasGRP1, RasGRP2, RasGRP3, and RasGRP4, the SOS family is composed

of two members, SOS1 and SOS2, and the RasGRF family is also composed of two members, RasGRF1 and RasGRF2.

The commonality is that they catalyze the removal of guanosine diphosphate (GDP) from GTPases, such as Ras and

Rap, and allow for its replacement  (Figure 1). While Ras itself possesses intrinsic GTPase and guanine nucleotide

exchange activities, the basal activity is low. The activation of the canonical Ras pathway is characterized by the

phosphorylation of Raf, Mek, and Erk. The active GTP (guanosine triphosphate)-bound Ras has a wide range of

downstream effects at the cellular level, such as a proliferation, differentiation, and apoptosis. Given these fundamental

roles, numerous disease processes have been attributed to the dysregulation of Ras and RasGEFs, which range from

autoimmune and inflammatory diseases to neoplasia.

Figure 1. Schematic of the Ras switching cycle. Ras cycles between the GTP-bound active state and the GDP-bound

inactive state. RasGAP catalyzes the hydrolysis of GTP, and RasGEF facilitates guanine nucleotide exchange. Created

with BioRender.com.

2. RasGRP1: Role in Cancer

2.1. Lymphoma and Leukemia

While loss-of-function RasGRP1 mutants have been described in humans , no oncogenic mutant of RasGRP1 has

been identified. These loss-of-function RasGRP1 mutants lead to the development of autoimmune lymphoproliferative
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syndrome (ALPS), CD4+ T cell lymphopenia, recurrent infections, hepatosplenomegaly, and lymphadenopathy . It is

important to note that some patients with loss-of-function RasGRP1 mutants develop Epstein–Barr virus (EBV)-induced B

cell lymphoma. However, studies have found RasGRP1 to be overexpressed in nearly half of all T cell acute lymphoblastic

leukemias (T-ALL) . Retroviral insertion studies in mice have also identified wild-type RasGRP1 as a leukemogenic

oncogene . Furthermore, the dysregulation of RasGRP1 in mice and cell lines has been shown to lead to the

development of thymic lymphomas and T cell leukemias . Interestingly, cell lines with a high RasGRP1 expression

required a cocktail of IL-2 (interleukin (IL)), -7, and -9 for proliferation . Additionally, leukemia driven by the

overexpression of RasGRP1 and K-Ras  are mutually exclusive and represent the distinct mechanisms of

leukemogenesis . This is consistent with the finding from a later study that identified RasGRP1 as a negative regulator

of Ras signaling in Kras  Nras -driven leukemia . Various studies have shown that the dysregulation of

RasGRP1 itself is insufficient for leukemogenesis ; however, it does bestow a proliferative advantage in bone marrow

progenitors over wild type cells . Consistent with Knudson’s “two-hit” theory that was proposed over 50 years ago ,

the dysregulation of RasGRP1 requires a second cooperating oncogene or cytokine stimulation for transformation .

The knockout of RasGRP1 negative regulators has also been shown to be oncogenic; specifically, DGKα  DGKζ

(diacylglycerol kinase (DGK)) double knockout mice develop thymic lymphoma due to the failure to prevent the

overactivation of RasGRP1 and Ras . Beyond the role of RasGRP1 as an oncogene, its overexpression has been

documented to be a mechanism of resistance to MEK inhibitors .

No RasGRP1-specific small molecule inhibitors currently exist. Since the overexpression of RasGRP1 renders T-ALL cells

responsive to pro-tumorigenic cytokines , PI3K inhibitors have been tested as a monotherapy in mice, but with no

success . Others have tried to target the RasGRP1/Ras/Erk pathway in T cell lymphoblastic lymphomas (T-LBL), which

are morphologically and immunophenotypically identical to T-ALL . Bromodomain-containing protein 2 (BRD2) binds to

the promotor region of Rasgrp1 and conveys a doxorubicin resistance in some T-LBL patients . The targeting of BRD2

via a bromodomain and extra-terminal (BET) inhibitor improved the therapeutic efficacy in vitro and in a patient-derived

xenograft mouse model . Diacylglycerol (DAG) and its analogues have long been known to activate RasGRP1 in T and

B cells , and the treatment of B cell lymphoma-derived cell lines with DAG analogues promoted apoptosis .

This proapoptotic pathway induced by DAG analogues is mediated by the protein kinase C (PKC)/RasGRP1/Erk pathway

.

2.2. Squamous Cell Carcinoma

While studying the role of RasGRP1 in skin tumors, one group found that the overexpression of RasGRP1, driven by a K5

promotor, in keratinocytes resulted in the development of spontaneous skin tumors . These tumors were mostly

benign papillomas and there were lesser numbers of squamous cell carcinomas. Due to the observation that the

incidence of tumors development was higher in co-housed animals, it was hypothesized that wounding contributed to

tumor development. Indeed, when RasGRP1-K5 transgenic mice were subjected to full-thickness incision wounding, 50%

of them developed skin tumors . The proposed mechanism is that the act of wounding caused the release of the

granulocyte colony-stimulating factor (G-CSF) by keratinocytes , and G-CSF acted in an autocrine and paracrine

fashion to cooperate with RasGRP1 in the development of skin tumors . When the same RasGRP1-K5 transgenic mice

were subjected to multistage skin carcinogenesis protocol, 7,12-dimethylbenz(a)anthracene (DBMA) as carcinogen, and

12-O-tetradecanoylphorbol-13-acetate (TPA) as tumor promoters, it was found that the squamous cell carcinomas that

developed in the transgenic mice were larger, less differentiated, and more invasive . Additionally, the overexpression

of RasGRP1 was found to partially replace the DMBA induction . Conversely, RasGRP1 knockout mice have impaired

skin tumorigenesis, evidenced by a reduced epidermal hyperplasia induced by TPA . To study other coopering

mechanisms of oncogenesis in keratinocytes, one group transduced keratinocytes derived from a Li-Fraumeni patient with

RasGRP1 and found that the keratinocytes acquired morphologic changes that are associated with a transformation .

This result supports the idea that RasGRP1 cooperates with other genes because patients with Li-Fraumeni syndrome

are deficient in p53, a well-known tumor suppressor gene.

2.3. Colorectal Cancer

Surprisingly, RasGRP1 acts as a tumor suppressor in colonic epithelium; furthermore, RasGRP1 can be used as a

biomarker for predicting the efficacy of anti-epidermal growth factor receptor (EGFR) therapy for CRC (colorectal cancer)

patients . The RasGRP1 expression levels decrease with the progression of CRC and predict the poor clinical

outcome of patients . Mechanistically, the same group found that RasGRP1 suppresses the proliferation of the KRas

mutant and negatively regulates the EGFR/SOS1/Ras signal in CRC cells . This mechanism may explain its tumor

suppressor activity in colorectal cancer in contrast to its oncogenic activity in most other neoplasias.
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2.4. Hepatocellular Carcinoma

RasGRP1 has been found to be upregulated in hepatocellular carcinomas (HCC) ; furthermore, a high RasGRP1

expression is associated with the tumor size, tumor–node–metastasis (TNM) stage, and Barcelona Clinic Liver Cancer

stage . At the cellular level, in Huh7 and PLC cells, the downregulation of RasGRP1 inhibited cell proliferation, whereas

the overexpression of RasGRP1 promoted cell proliferation . Specific protein 1 (Sp1) was identified to bind the Rasgrp1
promotor and is a positive regulator .

2.5. Breast Cancer

The role of RasGRP1 in breast cancer has only recently been studied. Specifically, it was found that the upregulation of

Rasgrp1 was associated with an improved overall survival in breast cancer , as well as overall survival and disease-

free survival in the triple-negative breast cancer subtype . The molecular mechanism that underlies these

observations is unknown.
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