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Abstract

Introduction: Colorectal cancer (CRC) is one of the most-deadly malignancies worldwide.
Current therapeutic regimens for CRC patients are relatively generic, based primarily on disease
type and stage, with little variation. As the field of molecular oncology advances, so too must
therapeutic management of CRC. Understanding molecular heterogeneity has led to a new-found
promotion for precision therapy in CRC; underlining the diversity of molecularly targeted
therapies based on individual tumor characteristics.

Areas covered: We review current approaches for the treatment of CRC and discuss the
potential of precision therapy in advanced CRC. We highlight the utility of the intestinal protein
guanylyl cyclase C (GUCY2C), as a multi-purpose biomarker and unique therapeutic target in
CRC. Here, we summarize current GUCY 2C-targeted approaches for treatment of CRC.

Expert opinion: The GUCY2C biomarker has multi-faceted utility in medicine. Developmental
investment of GUCY2C as a diagnostic and therapeutic biomarker offers a variety of options
taking the molecular characteristics of cancer into account. From GUCY 2C-targeted therapies,
namely cancer vaccines, CAR-T cells, and monoclonal antibodies, to GUCY2C agonists for
chemoprevention in those who are at high risk for developing colorectal cancer, the utility of this
protein provides many avenues for exploration with significance in the field of precision medicine.
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1.

Introduction

Colorectal cancer (CRC) remains the second most deadly cancer and the third most
prevalent malignancy worldwide. In 2018, nearly 1.85 million new CRC cases were
diagnosed [1], disproportionately affecting developed countries due to lifestyle habits [2].
Moreover, the incidence rate has declined over the past 30 years, which can be positively
attributed to improvements in screening and treatment paradigms. However, alarmingly the
incidence rates in individuals younger than 50 years have been steadily increasing, with a
2.2% annual overall incidence rate rise between 2012-2016 [3]. While etiology for this
paradigm shift is unknown, it is attributed to changes in diet and other lifestyle risk factors

[3].

Disease stage remains a defining element for prognosis and therapeutic management of
CRC, profoundly affecting survival and therapeutic options [4]. Thus, while a patient in the
United States diagnosed with CRC has an average 5-year survival of 64%, stage-specific
survival profoundly affects this prognosis. For many localized cases (Stage | and 1), surgery
is first-line therapy, and resection of the tumor is often successful. Thus, the prognosis is
highly positive, with a 5-year survival of 90%, when tumors remain restricted to the
intestinal wall [3,5]. However, as the disease progresses to regional lymph nodes and
metastasizes to distant organs, 5-year survival is less favorable — reduced to 70% and 14%,
respectively. Moreover, despite a seemingly favorable prognosis in patients with localized
disease, 30-65% will develop recurrence following resection [6,7]. Patients with ostensibly
negative nodal involvement, by histological analysis, have up to a 25% chance of disease
recurrence. Additionally, those with stage 111 diagnoses have up to a 50% chance of
recurrence [8]. Thus, to reduce the risk of recurrence, surgical resection is often paired with
neoadjuvant chemoradiotherapy which provides pre-operative downsizing with a complete
response in approximately 20% of rectal cancers [8-10].The relevance of occult metastases
in staging and prognosis is underscored by improved survival, when adjuvant chemotherapy
is used for CRC patients with Stage 111 disease, and a subset of Stage Il disease, as
established by the MOSAIC [11] and NSABP C-07 trials [11,12]. Unfortunately, 25% of
patients present with metastatic disease upon diagnosis and, therefore, are not candidates for
surgical resection [6,7]. In patients where surgery is not an option, chemotherapy and
radiotherapy are the chief strategies for controlling the growth and spread of CRC. Yet,
despite advancements in medical treatments, the prognosis for patients with advanced CRC
remains poor.

The current lack of effective therapies and non-specific cytotoxic limitations have led
investigators to transition towards the development of predictive, preventative, and
personalized medicine strategies to improve the treatment of CRC [1]. Targeted therapies,
also referred to as precision medicine, interfere with cancer-specific molecules at a cellular
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level, working to slow or stop disease progression [13,14]. Rather than the generalized
killing of replicating cells, targeted therapies are designed to selectively target unique
biological features, exclusive to cancer cells, that inhibit growth, proliferation, or
differentiation [15]. Precision therapy is characterized by treatment modalities tailored to
target cancer-specific biomarkers [16]. Further, companion diagnostics are tools used to
identify the population that will benefit from precision therapy, based on unique cancer-
specific molecular characteristics, often by immunohistochemistry or next-generation
sequencing [16]. While promising, only a few CRC-related pathways have been successfully
exploited for CRC treatment—monoclonal antibodies targeting anti-epithelial growth factor
(EGFR) and anti-vascular endothelial growth factor (VEGF) and most recently BRAF and
HER-2 [17-22]. Furthermore, a small proportion of colorectal tumors harbor microsatellite
instability (MSI) or deficient mismatch repair (dMMR) status, and respond well to treatment
with checkpoint inhibitor-based immunotherapies [23-25].

Although a variety of molecular biomarkers (ALK [26-28], BRAF [14,21,29-33], HER2
[14,22,34-36], ROS1[28,37,38], and MSI status[23,24,39-41], KRAS/NRA
[14,23,29,42-45]) have been identified in colorectal tumors, an abundantly expressed protein
that can be used as both a diagnostic biomarker and a therapeutic target has yet to be fully
clinically investigated. Guanylyl cyclase C (GUCY2C), a well-known CRC target antigen, is
overexpressed in nearly 95% of colorectal tumors, as well as a subset of gastroesophageal
and pancreatic tumors, and currently is being pursued as a novel target in precision therapy
[46,47].

2. Metastatic Colorectal Cancer (nCRC)

The tandard of care for metastatic colorectal cancer (MCRC) is either a cytotoxic single-
agent or multiple-agent chemotherapy for colon cancer patients, or a combination of
chemoradiation therapy for rectal cancer patients [14,48]. Indeed, improvements in outcome
for metastatic colorectal cancer (NCRC) have been achieved through both the advancements
in surgical techniques which have enabled the resection of isolated metastases [9,10,49-51],
as well as, adjuvant chemotherapy regimens[11,12,52,53]. Currently, the main chemotherapy
agents used are fluoropyrimidine (intravenous or oral)-based as either single-agent
treatments, such as intravenous 5-fluorouracil (5-FU) and oral capecitabine (CAP) or as
multiple-agent regimens, including the combinations FOLFOX (5-FU and oxaliplatin),
FOLFIRI (5-FU and irinotecan), XELOX/CAPOX (CAP and oxaliplatin), CAPIRI (CAP
and irinotecan) [14,54-56]. FOLFOX and FOLFIRI combinations are the primary choices
for first-line treatments in CRC, however, this is not because single-agent strategies have
been proven inferior, nor is it based on cancer-specific qualifiers [57,58]. Rather, the
regimen chosen for CRC patients to minimize adverse effects and achieve the maximum
period of disease control, is determined by a patient’s overall performance and risk of
deterioration [57]. In fact, efficacy appears similar between additive agents with the only
differences being drug-related toxicities [59,60]. Thus, balancing drug tolerability with
toxicity is the main criteria for chemotherapy selection and unfortunately, while
chemotherapy has provided a higher overall survival time of up to 20 months, mCRC
patients are rarely cured by this one-size-fits-all method [59-64].
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Beyond traditional chemotherapy, the EGFR-targeted agents,cetuximab and panitumumab,
are FDA-approved for first-line treatment of mMCRC [65-69]. These anti-EGFR monoclonal
antibodies interfere with EGFR signaling, blocking aberrant tumor cell proliferation, and
effectively inducing cell apoptosis [70]. Similar efficacy was demonstrated between the two,
with non-inferior overall survival benefits in the phase |11 ASPECCT trial [71]. However, as
a fully-humanized monoclonal antibody, panitumumab has fewer side-effects compared with
cetuximab [72]. Overall, combinations of cetuximab with FOLFIRI or panitumumab with
FOLFOX have significantly enhanced therapeutic efficacy, not only improving overall
survival but also reducing CRC disease progression [65-67].

Additional targeted therapies in mCRC include bevacizumab, an anti-VEGF monoclonal
antibody thath is FDA-approved for first-line treatment of mMCRC in combination with
chemotherapy [73]. This anti-angiogenic agent enhances the efficacy of chemotherapy
delivery, by specifically targeting VEGF proteins thereby preventing blood vessel formation,
in an attempt to break down the complex tumor vasculature created by blood vessel
networks [13]. This was demonstrated in the phase 111 NO16966 trial, where an increase in
progression-free survival and overall survival was observed when bevacizumab was added to
chemotherapy regimens XELOX or FOLFOX4 [74]. Thus, in the adjuvant setting, VEGF-
targeted agents have proven to be successful. however, the efficacy of bevacizumab remains
dependent on chemotherapeutic regimens and inconsistent outcomes have been reported in
various studies. [53]. While optimization in first-line treatment may be necessary, VEGF-
targeted therapy also has been effective in second-line treatment for recurrent CRC
demonstrated by the phase 111 E3200 trial [75,76], in which the addition of bevacizumab to
FOLFOX4 improved patient survival time [53,74,76,77].

Overall, the efficacy of precision medicine for CRC patients is reliant on the identification of
highly expressed cancer-associated molecular biomarkers [78], which guide the appropriate
targeted therapy selection through genetic testing. Notably, the use of an extended RAS
panel (KRAS, NRAS) [42,43], predictive for successful EGFR treatment, has impacted
tumor response and overall survival in patients with wild-type tumors, as validated by both
CRYSTAL [68] and PRIME [45] studies. Tumors with RAS wild-type oncogenes
significantly benefit fromx the addition of cetuximab, while treatment in tumors with RAS
mutation was highly ineffective [44]/ Thus, considering that 35-45% of CRCs possess
mutations in RAS oncogenes, the status of RAS is a critical predictive marker to inform on
treatment and management of CRC [78,79].

On the other hand, a mutation in BRAF (V600E) is a poor prognostic factor associated with
significantly reduced survival in colorectal cancer patients [31]. Identification of BRAF
mutations often prompts clinicians to choose a triplet cytotoxic chemotherapy regimen
(FOLFOXIRI) with bevacizumab demonstrating modest improvement of survival [80,81].
More recently, precision medicine approaches improved survival in BRAF-mutated patients
in the second-line setting. The combination of encorafenib (BRAFV600E inhibitor) and
cetuximab improved outcomes (survival and quality of life) and has been FDA-approved for
this indication [21,33]. However, BRAF mutations are only identified in ~10% of CRC cases
[32].
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MSI-H or dMMR status remains an area of intense research owing to its association with
Lynch syndrome. Tumors deficient in MMR, including colorectal cancer, respond to anti-
PD-1 immunotherapy with pembrolizumab [82,83], leading to its tumor-agnostic approval
by the FDA. The Phase 111 Keynote-177 study compared outcomes of frontline
pembrolizumab vs standard chemotherapy, which resulted in the doubling of progression-
free survival with a median duration of response not reached vs. 10.7 months with
chemotherapy [23]. However, only ~5% of metastatic CRC patients harbor MSI-H or
dMMR tumors, limiting the application of this precision medicine approach [39].

Due to this molecular heterogeneity of CRC, nearly half of all CRCs are unresponsive to
targeted therapies. Therefore, it stands to reason that a universally expressed molecular
marker in CRC would provide superior therapy to a greater population of CRC patients. Not
only are predictive biomarkers necessary for the selection of therapy, but they are essential
for early detection, prognostic stratification, and tumor surveillance [84].

3. Guanylyl Cyclase C in Colorectal Cancer

GUCY2C belongs to a family of mucosal cyclase receptors and is selectively expressed in
intestinal epithelial cells [85-87]. It is a transmembrane receptor for the endogenous
hormonal ligands:guanylin and uroguanylin. Ligand binding to the extracellular receptor
catalyzes the conversion of GTP into cyclic GMP (cGMP) and initiates downstream cGMP-
related signaling pathways, ultimately leading to the regulation of intestinal homeostatic
processes such as epithelial cell proliferation, differentiation, and apoptosis [85,86,88].
Given the major role of GUCY2C in maintaining epithelial regeneration, which renews
every 2-3 days, dysregulation of the GUCY2C-cGMP axis promotes pathologies that include
inflammatory bowel disease and bowel transit disorder, in addition to colorectal cancer
[89,90]. Importantly, silencing the GUCY2C signaling axis is associated with colorectal
tumorigenesis through the loss of ligand binding [91-94]. Congruently, guanylin and
uroguanylin are well-supported as a few of the most commonly silenced genes in colorectal
carcinoma [91-93]. Thus, the canonical GUCY2C-cGMP signaling axis functions as a tumor
suppressor only in the presence of its ligand [89]. Furthermore, at the earliest stages of
tumor initiation, loss of ligand occurs universally in mice and humans, which subsequently
results in the silencing of GUCY2C signaling and promotion of intestinal transformation
[89,91,92,95-97]. Notably, while ligand loss occurs in the early stage of tumor initiation,
GUCY2C expression is preserved throughout every stage of neoplastic transformation, from
polyp to adenocarcinoma [47,87,94,98,99] (Figure 1).

The endogenous expression pattern of the mucosa-specific antigen is perhaps what makes
GUCY2C unique. Indeed, GUCY2C is found on the mucosal lining throughout the entire
length of the gastrointestinal tract, from duodenum to rectum [46,100]. However unlike
other markers, such as HER2 and CEA, GUCY2C is absent from all other extraintestinal
tissues, except for the brain, where it plays a role in regulating satiety [46,101-106].
Moreover, endogenous intestinal GUCY2C expression is secluded to the apical side of the
epithelial brush border facing the lumen, which is protected from systemic T cell-mediated
immune responses, ostensibly removing the threat of autoimmunity in response to certain
targeted-therapies [46,86,107]. Similarly, endogenous GUCY2C expression in the brain may
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be protected from antigen-specific immune responses by the blood-brain barrier [46]. In
contrast to the normal intestine, colorectal cancer metastases emerge from intestinal
epithelial mucosa into systemic compartments, such as lung and liver tissue, which thus
allows immune cell accessibility. Importantly, during tumorigenesis cells undergo a loss of
apical-basolateral polarization which leads to GUCY2C expression on the cancer cell
surface [108,109]. Compartment-specific immune responses have been studied extensively
in HIV vaccine development, which hasdemonstrated that while a response to immunization
may be detected in systemic compartments such as the blood or spleen, effectively no
response can be detected in mucosal tissues, like the intestine [110,111]. This suggests that
certain mucosal antigens, like GUCY2C, which is restricted to the lumen by tight junctions
of the epithelial wall, may not produce autoimmunity in response to mucosal antigen-
targeted therapies [46,112]. Further, reduced tolerance caused by limited exposure of certain
mucosal antigens, such as GUCY2C, to the systemic compartment may provide an
opportunity to manufacture a stronger immune response to these tumor antigens [46,112].
Overexpression in cancer and decreased risk of autoimmunity are distinct qualities that
provide an ability to induce powerful immune responses, identifying GUCY2C as a novel
candidate for numerous targeted precision therapies (Figure 2).

4. GUCY2C Precision Therapy for Metastatic Colorectal Cancer

4.1 GUCY2C-Targeted Cancer Vaccines

Various types of therapeutic cancer vaccines have been investigated for the treatment of
colorectal cancer. However, no such vaccines have been approved for clinical treatment
[113]. The basic tenet of cancer vaccine therapy is to stimulate the immune system in
response to a cancer-specific antigen, destroying existing cancer cells and maintaining long-
term memory to protect against possible recurrence [114]. However, the task of identifying
suitable targets along with employing a mechanism that can elicit an effective immune
response remains a challenge [115,116].

GUCY2C-targeted cancer vaccines offer a unique clinical approach, compared to other
vaccines tested in CRC. Most CRC vaccine studies to date have been tested in patients with
advanced (stage 1V) CRC, and have yielded disappointing results (<1% response rate) [117].
In contrast, the focus of GUCY2C cancer vaccines is to immunize patients with minimum
residual disease (pNO) colon cancer and protect against possible recurrence [118-120].

The Ad5-hGUCY 2C-PADRE cancer vaccine is comprised of a recombinant, replication-
deficient adenovirus serotype 5 (Ad5) encoding the human GUCY2C extracellular domain
(Ad5-hGUCY2C) fused to the universal CD4* T-helper cell epitope, Pan DR Epitope
(PADRE) [108,121,122]. The inclusion of the T-helper epitope Pan DR Epitope (PADRE) in
clinical studies, is a direct response to a “split” tolerance observed in preclinical studies
[118,122,123]. Murine studies containing an Ad5-GUCY2C murine analog, but lacking the
T-helper epitope, effectively eliminated colon cancer cells expressing GUCY2C from liver
and lung metastases without toxicity [121,124]. However, compared with Gucy2c™~ mice,
which were capable of producing strong responses from CD4* T cells, CD8" T cells, and B
cells, Gucy2c*’* mice produced only moderate CD8* T cell responses [121,122]. While
GUCY2C-specific CD8* T cells and B cells were not directly impacted by self-tolerance,
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they were indirectly affected by the loss of CD4* T helper cell function, which bolsters
CDS8™ T cell and B cell responses [122]. Further, CD4* T cell elimination is likely a
reflection of tolerance to self-antigens. Thus, the “split” tolerance in which CD8* T and B
cell functionality is preserved creates a paradigm in which CD8* T cells and B cells can be
fully activated by GUCY2C-independent CD4™ T cell help [118,122,123]. Indeed, vaccine
modification with the GUCY2C-independent PADRE antigen, known to elicit immunogenic
T helper responses, restored CD4™ T cell, CD8" T cell, and memory immunogenic responses
without autoimmunity in mice [122,123,125].

A phase | clinical trial evaluated safety and immunological efficacy of the first-in-man
GUCY2C-based cancer vaccine, Ad5-hGUCY2C-PADRE, in early-stage colorectal cancer
patients (NCT01972737) [118]. Results of the phase I clinical trial demonstrated GUCY2C
immunogenicity and safety. Moreover, GUCY2C “split” tolerance observed in mice was
recapitulated in human studies; GUCY 2C-specific T cell responses were restricted to
cytotoxic CD8* T cells and not CD4-helper T cells. Notably, the study called attention to the
pre-existing titers of Ad5 neutralizing antibodies (NAbs) within patients, which correlated
with the failure to produce GUCY 2C-specific immunity post-vaccination [118,126]. As a
solution to Ad5 seroprevalence, a chimeric adenoviral vector (Ad5.F35) was designed,
which resisted neutralization associated with pre-existing Ad5 immunity in mice [126]. The
Ad5.F35 vector utilizes the adenovirus capsid from serotype 5 (Ad5) and fiber from the rare
serotype 35 (F35) [126]. Overall, the results from this Phase I clinical trial suggested that the
cancer vaccine Ad5-GUCY2C-PADRE was safe and effective at inducing GUCY2C-specific
CD8™ T cell responses in early-stage colorectal cancer patients [118].

4.2 GUCY2C-Targeted Chimeric Antigen Receptor T cells

Chimeric antigen receptor (CAR)-T cells are a type of adoptive cell therapy (ACT) first
traced over thirty years ago. In CAR-T cell therapy, a single chain chimeric receptor is
engineered with the extracellular antibody domain together with intracellular T cell motifs
[127-129]. The CAR design takes advantage of monoclonal antibodies antigen-binding
capacity and the lytic ability of T cells [129]. The intracellular T-cell portion contains motifs
required for downstream T cell signaling, conferring T cell activation independent of
MHC/HLA T cell molecules [121,128,129]. Thus, T lymphocytes are manipulated to
express the uniquely designed CAR receptor on their surface, expanded ex vivo, and
therapeutically re-infused into the patient [128,129]. Recently, cancer research using this
sophisticated technology has been revitalized [130], arguably triggered by the FDA approval
of the first CAR-T cell therapy in 2017 treating patients with refractory B cell malignancies
[131]. CAR-T cells have a powerful ability to induce durable antitumor responses in
treatment-refractory metastases that are often highly vascularized and bulky masses
[46,132]. However, although there are nearly twenty active clinical trials to date employing
CAR-T cell treatments in CRC, success has been elusive [133].

Toxicity has been one of the most significant challenges with CAR-T cell therapy across all
disease targets. The most common toxicity induced by CAR-T cells is a systemic

inflammatory response known as cytokine release syndrome (CRS) [101,134-138]. CRS is
triggered by overstimulation from cytokines that are released by CAR-T cell recognition of
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target antigen [132]. It is likely that bystander immune cells, such as macrophages, are
subsequently activated by CAR-T cells to release inflammatory cytokines, overstimulating
the inflammatory response [139]. While CRS pathophysiology can be mild in some cases,
such as loss of appetite or fatigue, early recognition and prompt treatment can prevent severe
cases that lead to multiorgan failures [140,141]. Indeed, like CRS, other toxicities occur
from CAR-T cell treatments, including neurotoxicity syndrome, macrophage activation
syndrome, and tumor lysis syndrome.. In addition, on-target off-tumor antigen toxicity; a
phenomenon caused by CAR-T cells responding to target antigens expressed on normal
tissues. In patients treated with anti-HER2-targeted CAR-T cells, off-tumor detection of
endogenous HER? in lung epithelium led to complications of acute respiratory failure; a
recurrent theme in CART-T cell studies [34,101,103]. This inadvertently reinforces the
importance of selecting a target antigen that is sequestered from the systemic immune
response, to circumvent these dangerous toxicities [133].

Given its restricted expression among endogenous tissues and universal expression in CRC,
GUCY2C has been investigated as a target for CAR-T cell therapy. Pre-clinical studies
demonstrated the ability of GUCY2C CAR-T cells to eliminate CRC cells without inducing
colitis, likely due to the presence of anatomical tight junctions sequestering endogenous
intestinal GUCY2C to the luminal surface and acting as a barrier to immune cell
accessibility [127]. In this study, animals treated with control CAR succumbed to disease
within 50 days post-treatment; whereas the majority of animals treated with GUCY2C-
specific CAR-T cells, survived about 100 days and 25% survived at least 200 days [127].
Importantly, safety was demonstrated in a syngeneic model, where mouse CAR-T cells
directed to the murine GUCY2C homolog produced no toxicity in the intestinal epithelium
of immunodeficient mice; moreover, GUCY2C-CAR T cell treatment provided mice with
reduced morbidity and increased the chance of survival, compared to control [127]. In
addition, GUCY2C CAR-T cells were absent from intestinal tissues upon histopathological
examination supporting the concept of mucosal antigen protection. Likewise, extra-intestinal
tissue demonstrated no evident immune-mediated damage in this study [127].

The efficacy of a human-specific GUCY2C construct (known as 5F9.m28BBz) was
subsequently designed and evaluated against lung and peritoneal metastases in mice [109].
Here, a syngeneic tumor model for CRC lung metastases was employed to evaluate
GUCY2C-targeted murine CAR-T cell anti-tumor responses. In this study, GUCY2C CAR-
T, but not control, cells eradicated lung metastases and produced long-term protection
against re-challenge with cancer cells [109]. Further, GUCY 2C-specific CAR-T cells
eliminated peritoneal metastases established by human colorectal cancer cells with
endogenously expressed GUCY2C [109]. Overall, these studies established the power of
GUCY2C CAR-T cells to eliminate human cancer metastases providing long-term survival,
without the on-target/off-tumor toxicities characteristic of other prominent antigens being
studied as targets for CAR-T cell therapy.

Despite previous challenges in CAR-T cell therapy, the immune-protected mucosal antigen,
GUCY2C, may expand the reach of precision therapy to provide a tremendous therapeutic
opportunity for mCRC patients. GUCY 2C-targeted CAR-T cell therapy has the potential to
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safely and effectively redirect the patients’ immune system to overcome tumor cell immune-
evasion [142].

4.3 GUCY2C-Targeted Therapeutic Antibodies

Therapeutic antibody targeting has brought forward a new generation of cancer treatments in
which therapies are highly targeted and tumor-specific. Modifications of antibody domains
have broadened the potential for these therapies, by the inclusion of toxins or recruitment of
immune cells in the therapeutic design.

Antibody-drug conjugates (ADC) offer a more focused alternative to traditional
chemotherapies, which broadly expose cancer and healthy cells to non-specific cytotoxic
agents [143]. ADCs are monoclonal antibodies possessing a targeting domain that confers
binding specificity as well as a “carrier” domain purposed with holding cytotoxic agents
[143,144]. Thus, ADCs combine the potency of cytotoxic small molecules, with the antigen
specificity of monoclonal antibodies to offer a potentially more tolerable and efficacious
treatment paradigm for colorectal cancer.

GUCY2C-targeted ADCs offer a uniquely potent possibility for precision-targeted therapy
[145]. In addition to its restricted endogenous expression to insulated compartments,
GUCY2C is expressed in high numbers in colorectal cancer metastases which is a major
requirement for inducing the tumor-suppressive function of ADCs [143,144,146]. Moreover,
preclinical studies testing GUCY2C-ADCs demonstrated the ability of GUCY2C-ADCs to
be rapidly internalized into the lysosome of colorectal cancer cells [147,148]. Thus,
GUCY2C may be an amenable target for the delivery of ADC immunotoxins through innate
internalization mechanisms [148].

A phase | clinical trial examined the ability of a GUCY2C-targeted ADC TAK-264 to
deliver antitumor efficacy to patients with gastrointestinal malignancies [NCT01577758]
[149]. TAK-264 consists of a human 1gG1 monoclonal antibody to GUCY2C conjugated
using a linker molecule to the cytotoxic agent monomethyl auristatin E (MMAE) [145].
Though results were preliminary, the ADC reportedly had a manageable safety profile;
however, neutropenia was experienced by four out of nineteen patients likely caused by
MMAE cytotoxicity [149]. While the results for colorectal patients required better
elucidation, phase Il clinical trials were initiated for gastric [NCT02202759] and pancreatic
[NCT02202785] cancer patients [149]. These trials were subsequently terminated after
failure to meet stage | efficacy and the clinical development program for the drug was
discontinued [150,151]. As a follow up, a phase I clinical trial was recently initiated, to
evaluate the potential of second-generation TAK-164 for therapeutic efficacy in
gastrointestinal malignancies [NCT03449030]. Similar to the previous generation, this novel
ADC is a fully human antibody to GUCY2C, however, a peptide linker is utilized for
conjugation to DGN549, a highly cytotoxic DNA alkylator [152]. Based on preclinical study
data evaluating TAK-164 in primary human xenograft models of metastatic CRC, the novel
ADC is expected to produce highly selective binding and tumor uptake, with a positive
therapeutic response that has a tight correlation with GUCY2C expression. TAK-164 is
poised for a first-in-man phase I clinical trial, evaluating safety and tolerability with
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preliminary efficacy in participants with CRC or GUCY2C-positive Gl cancers
[NCT03449030] [149,152,153].

Bispecific antibody therapy is similar to ADCs, except the cytotoxicity is derived from re-
directing conventional T cells by a CD3 bispecific antibody [154]. CD3 bispecific antibodies
(bsAb) are well-established in the clinic for the treatment of hematologic malignancies with
over 25 clinically approved bsAb therapeutics [155]. However, the attempt to translate this
model to solid tumors has been clinically ineffective thus far, given the limitations caused by
normal tissue expression of many prominent target antigens [155]. Preclinical studies
employing PF-07062119, a CD3 bispecific antibody to GUCY2C (anti-GUCY2C/anti-CD3
bispecific), support the recognition of GUCY2C as a target antigen. Indeed, evaluation with
human xenograft tumor models demonstrated the highly selective therapeutic efficacy of
PF-07062119 exclusively in GUCY2C-expressing colorectal cancer tumors regardless of
KRAS/BRAF mutation status; thus, further validating antigen-restricted expression to the
apical intestinal epithelium [156]. Interestingly, when combined with either PD1/PDL1 or
anti-angiogenic targets, the activity of PF-07062119 was enhanced with manageable toxicity
in cynomolgus monkeys [156]. An ongoing phase | clinical will evaluate the clinical
tolerability and safety of PF-07062119 when combined with either anti-PD1 or anti-VEGF
agents in patients with advanced gastrointestinal cancer [NCT04171141].

5. GUCY2C: A Powerful Molecular Biomarker

The scalability of GUCY2C as a biomarker for precision medicine is not only in a
therapeutic sense but also as a diagnostic, predictive, and prognostic application for disease
detection and management [4,47,86,157]. Not only does GUCY2C presence in CRC tumors
inform treatment eligibility, but also characterizes disease stage when detected outside of
extra-intestinal tissues, providing more sensitive and accurate predictive and prognostic
elements regarding the scope of disease [46,86,158].

GUCY2C retention through all stages of CRC transformation makes it a highly suitable
prognostic biomarker in mCRC staging and management. GUCY 2C has been identified as a
marker for recurrent CRC by mRNA detection in ostensibly negative lymph nodes [8,159].
Multiple studies have recapitulated the utility of GUCY2C RT-qPCR as a tool to determine
disease prognosis. A prospective study identified its association with the risk of recurrence
by comparing GUCY2C and standard histopathological analysis. In a population of 250
CRC patients with stage 0-11 tumors histologically identified lymph node-negative (pNO),
RT-gPCR revealed that over 85% of cases harbored GUCY2C positive occult metastases
[158,160]. Interestingly, GUCY2C molecular staging indicated that occult metastases with
GUCY2C detection, had an increased risk of recurrence. Under-staging remains an
unfortunate risk due to insensitive standard staging methods, reliant on histopathological
evaluation, in which occult lymph node metastases may be missed. Indeed, 25% of cases
diagnosed as lacking nodal involvement (pNO) by histopathological evaluation may result in
recurrence [8]. Taken together, these data suggest that GUCY2C biomarker examination
may provide a more accurate prognosis than traditional histopathological analysis [8,160].
Moreover, GUCY2C molecular staging has been confirmed across multiple institutions and
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may represent an improvement over current approaches to staging and treatment of
colorectal cancers [161-163].

While the overwhelming majority of colorectal cancers retain GUCY2C expression
throughout tumorigenesis, differences in expression for a minority of CRCs have a direct
impact on therapeutic utility. Indeed, 95% of colorectal cancers retain GUCY2C expression,
particularly those arising through conventional transformation associated with the
Adenomatous Polyposis Coli (APC)-B-catenin mutational pathway and microsatellite
instability pathway [89,94,164]. However, a minority of CRCs originate from precursor
lesions emerging from molecular alterations in the CDX2-BRAF pathway, giving rise to
serrated adenomas [94,165,166]. Early events initiating the serrated pathway include
mutational alterations in BRAF which is coupled with the silencing of CDX2, a tumor
suppressor, and GUCY2C transcription factor [30,94]. Thus, silencing of CDX2 nearly
eliminates GUCY2C expression in serrated adenomas. Importantly, the molecular alterations
occurring in the serrated pathway are rarely identified in the conventional pathway of
neoplasia [164]. Conversely, the conventional pathway of neoplasia hinges on the loss of
GUCY2C ligand, guanylin, rather than the GUCY2C transcription factor, CDX2 [8,167]. In
turn, loss of GUCY2C ligand silences the GUCY2C receptor and the tumor-suppressive
GUCY2C-cGMP signaling axis, thereby creating a niche for tumorigenesis [94,95,98]. The
differences in GUCY2C expression in molecularly diverse CRCs, underscores the diagnostic
utility of GUCY2C and the need for a GUCY2C companion diagnostic in GUCY2C-
directed colorectal cancer treatment.

6. Discussion

Curative therapy has historically been a challenge in colorectal cancer, with standard therapy
relying on a non-specific, “one-size-fits-all,” model for disease control. GUCY2C-based
precision therapy for colorectal cancer offers a promising new outlook in CRC management
through improved therapeutic efficacy and enhanced diagnostic accuracy. In contrast to other
target antigens, GUCY2C is distinct due to its near-universal expression in CRC and its
restricted pattern of expression in endogenous tissues. Collectively, the use of GUCY2C as a
therapeutic target shows great potential in cancer vaccine development, CAR-T cell therapy,
and the use of monoclonal antibodies.

7. Expert opinion

A universal challenge in the treatment of cancer remains the identification of attractive
therapeutics capable of balancing efficacy and tolerability to confer benefit with minimal
discomfort. Moving forward, attention to the highly heterogeneous nature of cancer should
strongly influence medical oncology, approaching therapy with a molecular lens. Rather
than treating cancer in a generic formulaic fashion, cancer therapy should bebased on its
unique molecular mosaic. Targeted and precision-based therapies have conferred many
antitumor advantages for CRC patients; however, the pharmaceutical cost of development, as
well as cost to the patient insurers has been a limiting factor. If pharmaceutical companies
determine that investment costs out-weight the net return, we may see a decline in
translational research reaching the clinic. In that context, GUCY2C as a precision molecular
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target may provide an umbrella of therapeutic utility including cancer vaccines, adoptive
transfer therapies, and antibody therapy. Moreover, the use of GUCY2C as a therapeutic
target covers nearly all stages of CRC — from occult metastases to highly vascularized
tumors (Stage Il — Stage 1V) [47,87,94,98,99]. Of significance, GUCY2C-based precision
therapy is not limited to CRC patients but could be expanded to treat other GUCY2C-
expressing tumors such as gastric, esophageal, and pancreatic cancersectopically expressing
GUCY2C during carcinogenesis [47,100,156,168]. Additionally, not only does GUCY2C
have potential as a therapeutic target, but it can play an important role in diagnostic disease
staging and therapeutic selection [157,158,160,169]. While GUCY2C may have a strong
clinical impact as a stand-alone biomarker, the inclusion of GUCY2C within a panel of CRC
biomarkers has the potential to design an even more powerful clinical tool. The relationship
between GUCY 2C expression and currently used clinical biomarkers has yet to be
elucidated and may be informative in assessing responsiveness to GUCY?2C-based as well as
other targeted therapies. For example, nearly half of all colorectal cancers are currently
unresponsive to targeted therapy, due to the presence of KRAS/NRAS mutations
[29,42,45,71,79]; thus, GUCY2C detection may improve the otherwise poor prognosis for
these patients. Conversely, detection of BRAF mutations in tumors combined with absence
of GUCY2C and CDX2 expression may confer greater specificity for the identification of
patients that will in fact benefit from anti-EGFR thearpy.[4,30,94] The development of a
companion diagnostic to identify GUCY2C expression will be critical for patient eligibility
especially for those cancers where GUCY2C expression may be less compared to CRC [4].
An effective companion diagnostic for GUCY 2C-based therapies will require highly specific
and sensitive detection, an area that our laboratory has taken a special interest in, to
accompany GUCY 2C-targeted immunotherapies in the treatment of all GUCY2C-
expressing Gl cancers [160,161,169]. The success of GUCY2C-targeted therapies will be
tested over the coming years as GUCY 2C-directed immunotherapies enter clinical testing.
Recently, a phase lla trial testing GUCY2C-based vaccines [NCT04111172] has been
initiated and has the potential to impact CRC burden, along with GUCY2C expressing
pancreatic, gastric, or esophageal tumors, by preventing advanced disease metastases,
reducing the risk of recurrence, and thus, hopefully altering the overall mortality of CRC
[118,126]. Moreover, advancements in clinical testing of GUCY2C-specific bsAbs and
CAR-T cells will define the ability of GUCY 2C-targeted therapeutics to treat patients with
advanced malignancies. Results from these studies will be highly informative in evaluating
the therapeutic potential and future of GUCY2C-directed therapies [NCT04171141] [156].
Over the next decade, translation of GUCY 2C-targeted therapies from bench to clinic should
be possible, as we unfold a deeper understanding of tolerance mechanisms, enhancing
GUCY2C vaccine efficacy and demonstrate safety and efficacy of GUCY2C-targeted human
T cells.

GUCY2C has the potential to not only impact cancer diagnostics and therapeutics but also as
a chemo-preventative via GUCY2C agonists. The endogenous ligands (guanylin and
uroguanylin), heat-stable enterotoxins, and synthetic peptides (such as /inaclotide and
plecanatide) activate GUCY2C signaling and increase cGMP production, suppressing tumor
formation, and maintaining epithelial homeostasis and fluid secretion [86,170-172].
Synthetic peptides, /inaclotide, and plecanatide are FDA-approved to treat chronic idiopathic
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constipation and constipation-type irritable bowel syndrome, for which these peptides act as
endogenous ligands to agonize GUCY2C and induce cGMP [86,170,171,173-177]. In that
context, they reduce symptom severity in chronic constipation syndromes and have the
potential to prevent cancer development [86,176,177]. Investigative efforts are underway to
further elucidate the GUCY2C gut-brain axis and its correlation with obesity and CRC
[88,104,106,178]. Pathophysiological exploration into the underlying mechanisms of the
GUCY2C hormonal axes may provide significant advancements in reversing obesity and
reducing the risk for colorectal cancer [88,104,106,178]. These considerations provide
significance in the study and development of a multi-faceted utility for GUCY2C in both
prevention and therapy, not only in colorectal cancer but in a wide variety of gastrointestinal
diseases.
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Article highlights:

. The gastrointestinal receptor, guanylyl cyclase ¢ (GUCY2C) has been
explored as a reliable diagnostic biomarker and therapeutic target for
colorectal cancer.

. GUCY2C-based precision therapies overcome some of the molecular
heterogeneity of colorectal cancer and provide more targeted approaches to
cancer treatment compared to the standard generic approach of chemotherapy.

. The unique protective compartmentalization of GUCY2C allows for a variety
of GUCY2C-based therapeutic applications, which have demonstrated
efficacy without causing systemic toxicity in preclinical models.

. The wide number of applications for GUCY 2C-based therapy presents
options that cover nearly all stages of colorectal cancer, carrying the potential
to reduce the risk of recurrence and debulk large metastatic colorectal tumors.
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Figure 1: GUCY2C downstream signaling pathway.
In the presence of ligands, guanylin and uroguanylin, the GUCY 2C receptor converts GTP

into cGMP maintaining healthy mitochondrial function, genomic stability, and epithelial
barrier integrity. In the absence of ligands, GUCY 2C silencing causes downstream metabolic
dysfunction, genomic instability, and barrier dysfunction; Created with BioRender.com
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CAR-T Cell

ADC-Immunotoxin Bispecific Antibody

Figure 2: GUCY2C as a target for precision therapy in the treatment of colorectal cancer.
CAR - chimeric antigen receptor; ADC — Antibody Drug Conjugate; Created with

BioRender.com
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