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ABSTRACT

CEACAMT1 is an extensively studied cell surface molecule with established functions in multiple cancer
types, as well as in various compartments of the immune system. Due to its multi-faceted role as a
recently appreciated immune checkpoint inhibitor and tumor marker, CEACAMT1 is an attractive target for
cancer immunotherapy. Herein, we highlight CEACAM1’s function in various immune compartments and
cancer types, including in the context of metastatic disease. This review outlines CEACAM1’s role as a
therapeutic target for cancer treatment in light of these properties.

Introduction

As our understanding of cancer biology and experience with
therapeutics continues to evolve, the criteria to identify thera-
peutic targets are further refined. Ideal targets should have a
tumor-specific role functioning in several hallmarks of cancer,
thus providing an opportunity for a multi-pronged attack on
the cancer with a single targeted agent." Expression of the target
should also be tumor-selective. If compartments of the immune
system or the tumor stroma also express the target, its engage-
ment within these compartments should coincide with an anti-
tumor effect. Ideally, the target should be expressed at the cell
surface, allowing specific targeting with a monoclonal
antibody.’

CEACAM1 is an extensively studied molecule that fits all of
the aforementioned criteria and is currently being targeted in
ongoing clinical trials.” CEACAM1 is a type-1 transmembrane
protein containing an extra-cellular N-terminal variable
domain followed by up to three constant C2-like immunoglob-
ulin domains.” The extracellular domains of CEACAMI are
essential in its function, as they are required for homophilic
(CEACAMI1-CEACAM1) and heterophilic intercellular adhe-
sion with CEA, as well as with the T cell-immunoglobulin and
mucin-domain containing 3 (TIM-3) protein.” It is also a
receptor for a variety of human and rodent pathogens.® CEA-
CAM1 is the only member of the CEACAM family to possess
an immunoreceptor tyrosine-based inhibitory motif (ITIM).”
Phosphorylation of ITIMs in immune and epithelial cells inhib-
its signaling by binding a variety of effector proteins that down-
regulate cell signaling, in particular the tyrosine-phosphatase
non-receptor type 6 (PTPNG6; previously SHP-1) and PTPN11
(SHP-2) phosphatases.>’
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The CEACAMI gene produces 12 different alternatively
spliced isoforms (Fig. 1). One constant feature is the splicing of
mRNAs into transcripts encoding two different cytoplasmic
domains, either by inclusion (the long (-L) tail) or exclusion
(the short (-S) tail) of the CEACAMI exon 7."° In many cases,
the presence of a particular tail isoform and the ratios between
them impact the function of the protein. While the long iso-
form has ITIM motifs, the short isoform does not; it does, how-
ever, contain several Ser phosphorylation motifs.'""?
Alternative splicing also leads to the incorporation of up to
three C2-like domains generating isoforms differing in the
length of the extracellular region, but each contains the mem-
brane distal IgV-like N-domain involved in homophilic and
heterophilic interactions.® In addition, CEACAMI can be alter-
natively spliced to produce secreted variants. While the role of
secreted variants of CEACAMI1 is poorly understood, they are
capable of inhibiting intercellular homophilic adhesion by act-
ing as decoy receptors, and may be useful as serum or urine
biomarkers for several malignancies."> '

T cells have been brought to the forefront of cancer immu-
notherapy due to the success of agents that block the cytotoxic
T lymphocyte-associated protein 4 (CTLA4) and programmed
cell death protein-1 (PD-1) pathways, which normally function
as inhibitors of highly activated T cells. For both receptors,
blocking their function serves to activate T cells so as to pro-
mote tumor killing and production of critical cytokines such as
interferon-y (IFNy)."” Activating T cells in the context of can-
cer is a rapidly growing avenue of investigation for novel cancer
therapeutics, with many T cell activating agents in the clinical
trial pipeline, including blocking antibodies of the checkpoints
LAG3, TIM-3 and CEACAM1.>"®
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Figure 1. Human CEACAM1 isoforms. CEACAM1 transcripts can be alternatively spliced to generate 12 different isoforms that have one variable (V)-like Ig domain, identi-
fied as the N domain (dark blue). The various isoforms have 1, 2 or 3 constant C2-like Ilg domains, identified as A (light blue) or B (white), with the exception of CEA-
CAM1-1L and CEACAM1-1S that lack C2-like Ig domains. According to standardized nomenclature, the number after CEACAM1 is indicative of the number of extracellular
Ig-like domains. CEACAM1 isoforms are anchored to the cellular membrane via a transmembrane domain, with the exception of the secreted isoforms of CEACAM1 (CEA-
CAM1-4C1, 3 and 3C2, respectively). CEACAM1 isoforms also possess 1 of 2 cytoplasmic domains, termed as long (L) and short (S) tails. The letter following the number in
the standardized nomenclature points to the presence of either a long or short cytoplasmic tail, a unique terminus (C), or an Alu family repeat sequence (A) (black boxes).
The CEACAM1-L cytoplasmic domain has ITIM motifs (red circles). All family members are highly glycosylated proteins, with glycosylation sites illustrated as the stick and

balls on the extracellular domains.

Herein, we describe CEACAMI’s roles in tumor immunology
and outline potential effects of CEACAMI targeting on each
compartment of the immune system in the context of cancer
immunotherapy, as well as identify specific cancer types that
should be targeted for the potential benefit of metastatic cancer
patients in the context of clinical trials. To be effective and fur-
ther prevent immune complications such as antibody-dependent
cellular toxicity, future anti-CEACAMI1 humanized antibodies
used for immunotherapy will need to be an IgG4 isotype."’

CEACAMT1 in the immune compartment

CEACAMI1 has been studied in the immune system for its
tumor-associated function, particularly in T and Natural Killer
(NK) cells. While fewer studies have investigated the role of
CEACAML1 in B cells, neutrophils and macrophages (Fig. 2),
CEACAMLI also plays a functional role in these cells, so the
effect of CEACAMI-directed therapies must be appreciated.
We summarize the existing data on CEACAM1’s function in
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Figure 2. CEACAM1’s function in immune cells. CEACAM1’s function has been extensively characterized in many compartments of the immune system. T Cells: CEACAM1-
L acts as an inhibitory receptor on T cells via recruitment of SHP-1 to CEACAM1-L’s phosphorylated ITIMs, changing the activation threshold of T cell activation and there-
fore decreasing immunosurveillance in a cancer context. CEACAM1-S plays an opposing role and therefore can promote T cell activation leading to increased activation-
induced cell death and distinct regulatory functions. CEACAM1 also interacts with TIM-3 on the surface of T cells, endowing TIM-3 with its inhibitory function so as to
oppose T cell activation. NK Cells: CEACAM1-L expressed on the surface of NK cells interacts in trans with CEA or CEACAM1 on tumor cells, inhibiting NK-mediated tumor
cell killing independently of MHC class | status. B Cells: Activation of the B cell receptor (BCR) leads to phosphorylation of CEACAM1-L’s ITIM domain, leading to SHP-1
recruitment and dephosphorylation of PI3K, which promotes activation-induced cell death of B cells. Monocytes: CEACAM1 homophilic binding leads to PI3K activation,
promoting AKT-mediated survival via activation of Bcl-2 and inhibition of caspase-3. Granulocytes: CEACAM1 on the surface of granulocytes promotes granulopoiesis
while inhibiting granulocyte-mediated angiogenesis and apoptosis.



various immune compartments, predict the effects of pharma-
cological inhibition of CEACAM1 and outline potential adverse
events.

T cells

CEACAM1 plays an important role on activated T cells since it
is itself a proliferative checkpoint similar to CTLA4 and PD-1.
CEACAML1 expression is mostly excluded from resting (naive)
T cells and is expressed at high levels on T cells activated by
stimulation with IL-2 or anti-CD3 antibodies via induced tran-
scription and the recruitment of intracellular CEACAMI to the
cell surface.”*** It is notable that CEACAMI is the only CEA-
CAM family member expressed by activated T cells.*"** CEA-
CAM1-L, the dominant isoform expressed in most T cells, then
acts as an inhibitory receptor downregulating T cell activation
and suppressing T cell functions,” while CEACAMI1-S can act
as a positive co-stimulant of T cell activation, and is linked to
important regulatory activities.”**> The CEACAMI-L isoform
expression typically dominates over the CEACAMI1-S isoform
in T and NK cells, except within intestinal tissues where CEA-
CAM1-S overabundance is observed.'>*®* CEACAM1-L’s inhib-
itory function is mediated by expression of two CEACAMI1-L
cytoplasmic domain ITIMs not present in CEACAMI1-S.”
Phosphorylation of these ITIMs by a variety of Src-related tyro-
sine kinases recruits the tyrosine phosphatases SHP-1 and
SHP-2, which de-phosphorylate several tyrosine residues of
either receptor tyrosine kinases or adaptor proteins at the cell
surface rendering them inactive.”® In T lymphocytes, CEA-
CAM1-L is phosphorylated by p56'* resulting in association
with SHP-1 in the vicinity of the T cell receptor (TCR) signal-
ing complex.”®* This prevents activation through the TCR
because SHP-1 dephosphorylates the TCR CD3-¢ chain and
TCR-associated protein kinase 70 kDa (ZAP-70), halting sig-
naling at its earliest steps. CEACAMI1 in T cells can also sup-
press mitogen activated protein kinases ERK and JNK and their
downstream pathways. These properties result in broad proxi-
mal suppression of TCR/CD3 complex signaling and inhibitory
effects on a variety of effector functions, including T cell prolif-
eration, Thl and Th2 cytokine production and cytotoxicity
associated with T cell activation (Fig. 2).> Importantly, with
respect to antitumor immunity, when CEACAMLI is ligated by
N-domain specific monoclonal antibodies in vitro under
cross-linking conditions, differentiation of naive T cells into
IFNy-producing Thl, but not Th2 cells, is observed via down-
modulation of T-bet but not the STAT4 transcription factor.>
Taken together, these studies show that CEACAM1-L is an
inhibitor of T cell activation via its ITIM motifs and functions
in a SHP-1-dependent manner. This suggests that CEACAM1
blockade will promote polarization toward the Th1 profile and
restore IFNy production in situations where CEACAM1 sup-
pression is operative in highly active T cells. However, as CEA-
CAM1-L and CEACAMI-S isoforms are co-expressed and
regulate activated T cells in a tunable fashion,'* it can be pre-
dicted that CEACAMI’s behavior is highly dependent on the
type of stimulus and the strength of the necessary
response.”>***! Thus, inhibition of CEACAMI-L signaling
would relieve proximal inhibition of TCR/CD3 complex signal-
ing and restore cytotoxicity and IFNy secretion, whereas
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inhibition of CEACAM1-S signaling would reverse the expan-
sion of unique regulatory populations such as CD4*LAP
(latency associated peptide)* T cells.'>*®

Consistent with these concepts, a CEACAM1-Fc construct
encompassing the murine CEACAM1 N-domain as a Fc fusion
protein was shown to inhibit inflammatory bowel disease in a
murine colitis model through suppression of Thl or Th2 cells,
depending on the host genetic background.”**** In a similar
manner, CEACAMI1-L trans-rectal delivery via adenovirus in
mouse models of ulcerative colitis (UC) provided similar bene-
ficial results,”” and a CEACAMI-Fc fusion protein inhibits
experimental allergic encephalomyelitis.’* This suggests that
CEACAMI inhibition might lead to intestinal inflammation as
observed with other checkpoint inhibitors.*>*® Although
Ceacam]™'~ mice do not develop spontaneous intestinal
inflammation, adoptive transfer of naive wild type T cells into
Ceacam1™'~ immunodeficient hosts (namely Rag2 '~ mice)
results in exacerbated colitis, suggesting that CEACAMI defi-
ciency predisposes to excessive intestinal inflammation upon
exposure to inducing agents.” However, conflicting data exists
in the literature as to whether CEACAMI1 is overexpressed in
UC and IBD patients.”””® Therefore, a clinical trial investigat-
ing a CEACAM]1 inhibitory agent should consider excluding
patients with a history of inflammatory bowel disease until
these opposing issues are reconciled in future studies.

CEACAMI1-L engagement also inhibits TCR-mediated cyto-
toxicity. This inhibition depends on the blocking of granule
exocytosis consequent to ZAP-70 signaling and SHP-1 bind-
ing,”® on inhibition of Fas-induced apoptosis through reduction
of caspase 3/8 and by preventing S-catenin phosphorylation
and destruction in the target cell.” This latter effect is depen-
dent upon the cytoplasmic residue K470, as well as a critical
residue located between the ITIMs (S508). CEACAMI-
mediated inhibition of T cell cytotoxicity is enhanced by CEA-
CAMI1 cross-linking and blocked by CEACAMI1 blockade.****
Therefore, the inhibitory function of CEACAMI-L on T cells
extends to cytotoxicity, which is highly important to antitumor
immunity.

In T cells, CEACAML1 also cooperates with TIM-3, another
well studied immunoglobulin molecule currently being targeted
for cancer immunotherapy.” TIM-3 is an activation-induced
inhibitory molecule involved in T cell tolerance, and is an
inducer of T cell exhaustion.*” However, TIM-3 can also be
stimulatory under other experimental conditions.*"** TIM-3 is
co-expressed with CEACAMI1 on T cells during induction of
tolerance, exhibits biochemical interactions with CEACAMI,
and serves as a CEACAM1 heterophilic ligand.>*> CEACAM1
expression confers inhibitory functions onto TIM-3 by facilitat-
ing TIM-3 maturation and localization to the T cell surface and
facilitates TIM-3-mediated signaling (Fig. 2). CEACAMI can
also ligate TIM-3 in trans suggesting that opposing cells, such
as CEACAM1-expressing tumor cells, may provide an inhibi-
tory signal via TIM-3 on a T cell. Treatment of murine colorec-
tal cancer (CRC) CT26 tumors with TIM-3 and CEACAMI1
monoclonal antibodies demonstrated synergistic antitumor
effects in both preventative and therapeutic protocols. CEA-
CAM]1 inhibition also cooperates synergistically with PD-L1
inhibition.” Therefore, heterophilic engagement of CEACAM1
with TIM-3 mediates T cell inhibition, with both of these cell
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surface receptors regulating autoimmunity and antitumor
immunity. Zhang et al. examined circulating and tumor-
infiltrating CD8* T lymphocytes of CRC patients and showed
maximal T cell exhaustion upon TIM-3 and CEACAM1 co-
expression, as was observed in mouse CRC models.>** These
studies indicate that CEACAMI1 and TIM-3 mark highly
exhausted T cells.

Taken together, CEACAM-L is an activation-induced inhib-
itory molecule on T cells due to its ITIM motifs. Akin to
CTLA4 and PD-1, CEACAMI1 shows promise in a preclinical
setting as a target for cancer immunotherapy. There is signifi-
cant need for new checkpoint inhibitors since, for example,
only 20-40% of patients respond to currently approved check-
point inhibitors in metastatic melanoma,* making further
exploration of targets such as CEACAMI1 and TIM-3 highly
warranted.

NK cells

NK cells are lymphocytes critical to innate immunity, partici-
pating in early control of viral infection and immune-surveil-
lance of tumors.** Many NK-regulating receptors can either
stimulate (activating receptors such as natural cytotoxicity
triggering receptors 1, 2 and 3, DNAX accessory molecule 1,
NK group 2D or NKG2D and Kkiller cell lectin-like receptor
K1) or dampen (inhibitory receptors such as killer-cell immu-
noglobulin-like receptors or KIRs) NK cell reactivity.”’ Lack
of inhibitory receptor signaling allows NK cells to detect and
kill cells lacking major histocompatibility complex (MHC)
class I, unlike cytotoxic T lymphocytes that recognize a for-
eign antigen presented on MHC class I to activate its cytotoxic
function.*”

CEACAM1 expression robustly promotes evasion of NK-
mediated killing of tumor cells. When CEACAML1 is present on
the surface of both NK and melanoma cells, NK-mediated kill-
ing is inhibited independently of MHC class I expression.*®*’
In transporter associated with antigen processing (T'AP-2)-defi-
cient patients, which lack MHC class I-mediated inhibition of
NK cells, CEACAML1 is upregulated and capable of compensat-
ing for this deficiency.”® TAP-2 is an endoplasmic reticulum
protein, responsible for loading peptides onto MHC class I. In
the absence of TAP-2, MHC class I molecules are not displayed
on the cell surface, which activates NK cell-mediated killing.
CEACAMI1 overexpression inhibits this effect and TAP-2-defi-
cient patients are spared from excessive NK-mediated cytotox-
icity and autoimmune disease early in life. However, soluble
CEACAMI can abrogate CEACAM1 homophilic interactions,
and allow NK-mediated cytotoxicity in the context of TAP-2
deficiency.”” Thus, the ratio of membrane-bound and soluble
CEACAML1 binding to NK cells may play an important role in
NK-mediated killing. In melanoma, this may also depend on
alternative splicing since soluble CEACAMI1 does not arise
from surface cleavage, but instead requires active protein syn-
thesis and vesicular transport.'* NK cells have also recently
been recognized to express TIM-3 upon activation, implicating
a potential for cooperation between CEACAM1 and TIM-3 on
NK cells as described for T cells.”

In addition to CEACAMI, cancer cells frequently express
other cell-adhesion molecules of the CEA family, including

carcinoembryonic antigen (CEA, also known as CEACAMS5)
and CEACAMS6.” CEA has its own important roles in many
of the same processes as CEACAMI. Like CEACAM1, CEA
can adhere to CEA, other CEA gene family members (includ-
ing CEACAMI) and several other molecules on adjacent
cells.” Depending upon which combination of CEA family
members are expressed, their engagement may allow for cell
survival, promote metastasis, initiate downstream signaling
and/or engage immune cells. Homophilic (CEACAMI-
CEACAM]1) and heterophilic interactions between CEA and
CEACAM1 expressed on melanoma cells with CEACAMI1
expressed on the NK cell surface inhibits NK-mediated cyto-
toxicity”” (Fig. 2). Deleting CEACAM1’s ITIM motifs revealed
their importance in this function. CEA and CEACAMI’s
N-domains as well as CEACAMI1 N-domain residues (43R
and 44Q) are also essential for either CEA-CEACAMI1 adhe-
sion or CEACAMI1-mediated homophilic interactions and
NK-mediated cytotoxicity.”> These residues are also present in
CEA but not CEACAMS, explaining why CEACAMI1 and
CEA adhere heterophilically, whereas CEACAMI1 does not
bind to CEACAMBS. In addition, CEA is rapidly and specifi-
cally transferred to NK cells in an adhesion-dependent mecha-
nism.>* Together, these studies reveal the importance of
adhesion between CEA family members on immune evasion
by cancer cells.

Several models have been proposed to explain CEACAM1-
mediated NK cell inhibition. CEACAML1 silencing in mouse
and human cancer cells upregulated NK cell activating ligands
on their surface, while overexpression of CEACAM1-3S and
-3L in CRC cell lines caused sequestration of MICA/B intracel-
lularly, preventing it from activating NK cells.”> However, these
mechanistic findings were contradicted by a recent study which
demonstrated that while CEACAMI1-4L expression downregu-
lated cell surface expression of MICA and ULBP2 ligands by
causing them to shed from the membrane, CEACAMI-3S
upregulated NKG2D receptor ligands.*® This discrepancy will
require further investigation. Furthermore, CEACAMI forms a
complex with NKG2D whereupon CEACAM1 recruits SHP-1
involved in dephosphorylation of the guanine nucleotide
exchange factor Vavl, subsequently blocking initiation of cytol-
ysis.”” Thus, CEACAM1 expression on tumor cells contributes
to NK-mediated immune evasion by hiding away the ligands
responsible for engaging NK cell surface receptors, and by
engaging with NK-activating receptors to inhibit their down-
stream signaling.

Regardless of the mechanism by which CEACAM1-L inhib-
its NK cell activation, this effect is robust and coupled to
CEACAM1-L-mediated inhibition of NKG2D signaling. While
more preclinical and clinical data are still required, particularly
to elucidate the CEACAMI splice variant functions, inhibition
of CEACAMI1 on NK cells offers an additional advantage that
is exploitable by CEACAM1 immunotherapy in advanced can-
cer treatments. The principle that modulating NK cell function
in a cancer setting can lead to improved outcomes has been
established in vivo.”® Unlike currently approved T-cell targeted
PD-1 and CTLA4 inhibitors, whose functions in NK cells are
debated,”” targeting CEACAMI1 for cancer immunotherapy can
offer a second mechanism of action to promote tumor killing
by immune surveillance.



B cells

B cells are professional antigen-presenting cells that are part of
the adaptive immune system. Their main function is in the
secretion of antibodies, while their role in tumorigenesis and
cancer progression is less well defined.”” CEACAMI-L has
been implicated in B cell function, although the literature is
contradictory with older and newer studies, suggesting conflict-
ing roles for CEACAMI in B cells.

The first work on CEACAMI and B cells reported on the
creation of an FCyRIIB-CEACAMI1-L chimeric fusion protein
that was capable of acting as an inhibitory receptor in B cells,
suggesting that CEACAM1-L’s cytoplasmic ITIMs could func-
tion in B cells.”” On the other hand, it has been shown that
cross-linking CEACAMI1 on mouse B cells with either antibod-
ies or CEACAM]1 transfectants, but only in the presence of B
cell receptor (BCR) cross-linking, promotes B cell activation
but not immunoglobulin isotype switching.®® This is presum-
ably through CEACAMI1 promotion of B cell survival, and sug-
gests that homophilic ligands may be the source of
CEACAM1-mediated effects on B cells, but this requires fur-
ther study.

Consistent with the latter observations, it has recently been
demonstrated using CeacamI™'~ mice that CEACAMI is a
critical regulator of B cell survival, influencing B-cell number
and protective antiviral antibody responses.®> This phenome-
non is mediated via activation of spleen tyrosine kinase (SYK),
extracellular signal related kinases (ERK) and nuclear factor
kappa-light-chain-enhancer in activated B cells (NF«B).*?
While CEACAMLI had little effect on the proliferation of newly
formed B cells, the number of mature B cells is reduced signifi-
cantly in Ceacaml™'~ mouse lymph nodes and forced expres-
sion of CEACAM1 in T cells leads to increased IgA production
in mucosal tissues.'>*> CEACAMI also promotes efficient pro-
duction and secretion of anti-viral antibodies consistent with
other findings that elevated T lymphocyte CEACAM1 expres-
sion causes augmented IgA mucosal production.”” Thus CEA-
CAML1 on B cells may be important for B cell survival during
an active immune response. How this relates to CEACAM1-L
inhibitory functions in these cells remains to be elucidated.

CEACAM1 expression on human B cells is less well defined.
However, CEACAM]1 is indeed functional in human B cell
lines. CEACAMI1 is highly expressed in human activated
CD19-positive Daudi B cells stimulated with IL-2 for 3 d,%
where it functions as a negative co-receptor for the BCR. Anti-
IgM stimulation of the BCR results in CEACAM1 phosphoryla-
tion and SHP-1 recruitment to lipid raft domains with reduced
phosphorylation of activated PI3K and increased activation-
induced cell death (Fig. 2). How this reconciles with the results
in Ceacam1™'~ mice, wherein CEACAM1 deficiency is associ-
ated with decreased B cell numbers, is unclear.

Due to the ambiguous role of B cells in cancer, either pro-
moting or inhibiting tumor responses,” and the contradictory
role of CEACAMI in these cells, it is unclear what effects CEA-
CAM1 blockade would have on B cells and on the antitumor
response. In light of the mouse-based studies, one can hypothe-
size scenarios whereby B cells could become apoptotic with
decreased antibody production. This may predict an increased
risk of infection, consistent with the susceptibility to pathogens

ONCOIMMUNOLOGY e1328336°5

such as Listeria monocytogenes observed in Ceacaml '~
mice.'?%* Thus, clinical trials will require close monitoring of
humoral immune functions.

Monocytes/macrophages

Macrophages are typically the most abundant immune cells
present in the tumor microenvironment where they can have
both protumor and antitumor functions.”” Similar to the
Th1/Th2 paradigm of T-cell polarization in cancer, macro-
phages are thought to exert their effect on tumors in a fash-
ion largely dependent upon the polarity of the macrophage
population between a continuum of M1 and M2 pheno-
types.® The current evidence suggests that the more classical
MI-type macrophages are capable of tumor cell killing while
the M2 macrophages, inclined to function in tissue repair,
allow tumor progression by suppressing inflammatory
responses and promoting angiogenesis. CEACAM1’s function
in macrophages and in their monocyte precursors has been
investigated with certain critical questions remaining on
monocyte development and early stage cancer. CEACAMTI’s
role in advanced cancers through its effects on macrophages
is ambiguous. Cancer patients with advanced disease eligible
for treatment with a CEACAM1 inhibitor in a clinical trial
would be expected to have tumors infiltrated with predomi-
nantly M2 macrophages. CEACAMI1 homophilic binding pro-
tects monocytes from apoptosis via a pathway involving
PI3K- and AKT-dependent activation of Bcl2, preventing the
activation of caspase 3°” (Fig. 2). Therefore, inhibition of
CEACAMI1 could prevent development of circulating mono-
cytes into tumor-associated macrophages, thereby preventing
M2 infiltration or persistence in advanced tumors. A CEA-
CAM1-targeted therapy selectively inhibiting M2 macrophage
function or survival would theoretically be beneficial to late
stage cancer patients.

CEACAM1 expression also defines a new monocyte subtype
(Ceacam1"Msr1"Ly6C F4/80 Macl™) critical for fibrosis
development.®® This suggests that CEACAMI inhibition may
be beneficial to patients whose tumors are characterized by
high degrees of fibrosis by halting the establishment of a micro-
environmental niche capable of driving tumor progression
locally or at distant sites.”” Furthermore, these findings may
spur future studies better defining CEACAMI’s function in
several devastating fibrotic diseases such as idiopathic pulmo-
nary fibrosis.”® Patients with such diseases may also one day
benefit from treatment with a CEACAMI1 inhibitory antibody.

CEACAM1 expressed by monocytes promotes angiogenesis
in a Leishmaniasis model of inflammation.”! While these
experiments cannot be directly applied to the setting of
advanced cancer, it may suggest that a CEACAMI inhibitor
plays a role in preventing angiogenesis in VEGF-independent
tumors. However, CEACAMI1 prevents M1 macrophage-medi-
ated angiogenesis, suggesting that CEACAM1 blockade might
promote angiogenesis in early breast cancer development.””
This would be further enhanced by cancer cell downregulation
of CEACAML1, which occurs during early stages of some types
of cancers such as those associated with the colon, in contrast
to late stage cancer cells that commonly upregulate CEACAM1
during tumor progression and invasion.”*
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Granulocytes and neutrophils

While CEACAMLI is expected to act as an inhibitory molecule in
granulocytes similarly to other immune cell types, its role is com-
plicated by findings implicating it as an inhibitor of the apoptotic
process. In cancer, neutrophils act both as a line of defense
against the tumor and can simultaneously promote tumor pro-
gression by engaging factors that promote invasion, angiogenesis
and metastasis.”> While there is litle CEACAMI on the surface
of resting human neutrophils, their activation causes rapid trans-
port of CEACAM1, CEACAM6 and CEACAMS from intracellu-
lar granules to the cell surface.”*”® CEACAMS3 is also expressed
by human neutrophils where it plays a role in bacterial phagocy-
tosis.”” Sarantis and Gray-Owen have shown that human neutro-
phil CEACAMI1 and CEACAMS6 contribute to bacterial
internalization without significant neutrophil activation.”” While
CEACAMS3 is also expressed by neutrophils, this ITAM-contain-
ing activating receptor appears to be constitutively expressed at
the neutrophil surface, which facilitates its role as a decoy recep-
tor to capture CEACAM-targeting pathogens.”®* CEACAM3
engagement causes potent neutrophil degranulation, oxidative
burst and inflammatory cytokine expression.”® After neutrophil
activation, these four CEACAMs are highly abundant on the
neutrophil surface. While not previously appreciated, soluble
CEACAMS is released by degranulated neutrophils and can pro-
mote CEACAMI inhibitory signaling on other cells, such as the
SHP-1-dependent suppression of TLR2-dependent inflamma-
tory responses in epithelial cells.”” These results suggest that
CEACAMI-specific inhibitors must avoid cross-reactivity with
this closely related receptor. In addition, CEACAMI1 activation
has been reported to delay Fas ligand-induced apoptosis of
human neutrophils using SHP1, ERK1/2 and caspase 3-mediated
pathways,*® which suggests that CEACAM1 inhibition on neu-
trophils may promote neutrophil apoptosis. Together, these
results suggest that CEACAM1-targeting inhibitors must avoid
cross-reactivity with other closely related receptors to avoid
unforeseen effects on neutrophils.

Mice do not express CEACAM3, CEACAM6 or CEACAMS,
so their contribution to granulocytic (or other) functions cannot
be considered in wild type mouse lines. CEACAM1I’s function in
granulopoiesis has been studied in CEACAM1-deficient mice.
Interestingly, in contrast to the human studies discussed above,
these animals develop systemic neutrophilia in association with
slightly faster apoptosis but heightened neutrophil progenitor
proliferation, together with an overall slower turnover rate of
mature neutrophils.”* Mechanistically, the SHP-1-dependent
inhibition of G-CSFR and STAT3 normally provided by CEA-
CAM1 was significantly decreased, accounting for increased
responsiveness to neutrophil growth factors.** Since L. monocy-
togenes infection depends upon neutrophils for clearance,
Ceacaml™'~ mice exhibited higher neutrophil counts and
increased levels of cytokines, resulting in both increased neutro-
phil production and Listeria clearance. However, counter-intui-
tively, this was associated with severe tissue damage, liver
necrosis and immunopathology. Furthermore, CEACAM1-defi-
cient mice died more quickly than wild-type mice, implicating
neutrophil-induced immunopathology in the absence of CEA-
CAM]1 expression. This phenotype was reversed when CEA-
CAM]1 expression was re-established in chimeric mice exhibiting

CEACAMI-deficient bone marrow. Although the studies with
mouse and human neutrophils must be reconciled, these results
suggest that neutrophil production and turnover must be closely
monitored in clinical trials targeting human CEACAMI.

CEACAMI also negatively regulates myeloid-dependent
tumor angiogenesis by inhibiting the G-CSF and Bv8 pathways
in melanoma and colorectal tumor models. Ceacaml ™'~ mice
developing CRC liver metastasis also demonstrated less recruit-
ment of CD11b*Gr1" myeloid-derived suppressor cells (MDSC)
from chimeric bone marrow transplants, and thus showed a sig-
nificant decrease of liver metastatic development.®' In addition,
WT tumor-bearing mice treated with a CEACAMI-blocking
antibody exhibited significantly reduced tumor growth and
angiogenesis with reduced levels of CD11b*Gr1* MDSCs in
spleen and blood in a CRC model.* Interestingly, neutrophil
infiltration density was correlated with higher CEACAMI
expression in tongue squamous carcinoma than in peritumoral
tissue, correlating with lymph node metastasis, recurrence and
survival,®’ consistent with other types of cancers demonstrating
poor prognosis upon neutrophil infiltration.”?

These findings suggest a mechanism whereby pharmacologi-
cal inhibition of CEACAM1 might result in decreased MDSC
infiltration into tumors and, potentially, neutrophilia depend-
ing on the balance in humans between production and removal.
However, it is unclear whether such a neutrophilia would be
systemic and functioning in an antitumor role, or in a tumor-
infiltrative role that would promote tumor immune evasion. In
the context of conventional chemotherapy, where neutropenia
is a common complication leading to devastating infections,**
combination with a CEACAMI inhibitor that may restore neu-
trophil counts might be beneficial. However, further complicat-
ing this issue, recent findings demonstrating that neutrophils
suppress NK-mediated tumor cell clearance must be considered
given CEACAMYI’s prominent role in this immune cell com-
partment.*” It is clear that more studies are required to investi-
gate neutrophil effects by CEACAMI1 in different cancer
contexts that may respond differently.

Taken together, decades of studies have implicated
CEACAMLI in cancer immunology. While more fundamental
research is required to further understand its function in B
cells, neutrophils and macrophages, CEACAM1 presents as a
valuable target for cancer immunotherapy in late stage cancer
due to its well-defined inhibitory role in T and NK cells.

CEACAMT1 in metabolism and tissue homeostasis

There is extensive knowledge implicating CEACAMT’s role in
metabolism and tissue homeostasis. This is pertinent in the
context of obesity, insulin resistance and cardiovascular func-
tion.*® While the direct link between CEACAMI’s metabolic
and cancer promoting functions have yet to be established in
the literature, the metabolic impact of CEACAMI inhibition
in cancer patients can be inferred by its known involvement in
metabolic signaling.

Insulin resistance and obesity

CEACAM1 is phosphorylated by the insulin receptor upon
insulin stimulation.?” This causes the increase of insulin



receptor complex rate of internalization by endocytosis in cla-
thrin-coated vesicles.***° By binding to Shc upon phosphoryla-
tion, CEACAM1 sequesters Shc, downregulating the mitogenic
action of insulin.”® It is thus possible that in the context of
CEACAM1 inhibition, Shc stabilization can lead to cancer pro-
moting effects, a phenomenon that should be closely monitored
in preclinical and clinical studies.”?

These initial findings suggested that CEACAMI plays an
important role in insulin internalization and that inhibition
of CEACAMI1 would result in hyperinsulinemia which was
demonstrated with the creation of the LSACC mouse express-
ing a Ser phosphorylation-defective CEACAMI1 (S503A)
exclusively in the liver.”> CEACAM1 Ser503 phosphorylation
is required for Tyr488 phosphorylation by the insulin recep-
tor and prevention of Tyr488 phosphorylation leads to mice
developing hyperinsulinemia secondary to impaired insulin
clearance, impaired glucose tolerance and random hypergly-
cemia. In addition, these mice display visceral adiposity with
increased amounts of plasma free fatty acids and hepatic
triglycerides.”

Similar to the LSACC mice, the CEACAMI1 knockout
mice display diet-induced insulin resistance and are also
prone to hepatic steatosis and non-alcoholic steatohepatitis
(NASH) through elevated hepatic triglycerides and total
serum cholesterol.”**> This effect is believed to be down-
stream of elevated fatty acid synthase (FAS) activity and
leptin resistance.”® Lee has documented that patients exhib-
iting high-grade fatty liver and obesity have lower CEA-
CAM1 hepatic levels.”” Monitoring for increased visceral
fat, insulin resistance and hyperinsulinemia would then be
crucial in patients being treated with a CEACAM1 inhibi-
tor, and we suggest that diabetic patients be excluded from
early trials with a CEACAMI inhibitor.

Interestingly, upon insulin stimulation and subsequent to
internalization, CEACAM]1 also interacts with and reduces the
activity of hepatic FAS, an enzyme that catabolizes fatty acid
synthesis. However, the acute effect of insulin on hepatic FAS
does not exist in the context of chronic hyperinsulinemia, likely
due to the reduced ability of insulin to activate its receptor to
induce CEACAMI1 phosphorylation, and therefore inhibition
of FAS function. Najjar et al. propose that this mechanism of
FAS activity downregulation acts to reduce hepatic lipogenesis
incurred by insulin pulses during refeeding. This phenotype
may be relevant in the setting of CEACAMI1 inhibition in can-
cer, as FAS is a known oncogene that is also being actively
explored as a target to treat several cancers.” In the context of
a monoclonal antibody binding to CEACAMLI on the surface of
hepatocytes,” internalization of CEACAM1 may be induced,
resulting in increased interaction, and therefore FAS inhibition.
On the other hand, as CEACAM]1 is expressed at the hepato-
cyte canalicular membrane, it should be inaccessible to the
inhibitory antibody and thus should not perturb metabolic
patient status.”’

Further validating CEACAMI’s role in insulin clearance,
removal of SHP-1, a tyrosine phosphatase dephosphorylating
CEACAMLI, displayed markedly increased insulin clearance in
both cultured hepatocytes or mice deficient for a functional
SHP-1.” Because SHP-1’s role in cancer is unclear, with studies
suggesting it can act as both a tumor suppressor and an

ONCOIMMUNOLOGY e1328336-7

oncogene,'” pharmacological inhibition of CEACAM1 may
have unpredicted effects due to SHP-1 being free to interact
with other proteins.

In addition to a causal relationship between obesity and
human CEACAMI1,” C57BL6/] mice fed a high fat diet
reduced hepatic CEACAMI1 expression by >50% at 21 d and
developed hyperinsulinemia, insulin resistance and elevated
hepatic triglycerides.'”" These symptoms did not develop in
mice expressing a liver-inducible Ceacam1 gene.'”"'*> Further-
more, a murine study suggested that CEACAMI1 reduction can
be passed on to offspring subjected to prenatal stress in the
form of maternal obesity.'”” These studies, in combination
with findings in the LSACC and CEACAMI1 knockout mice
demonstrate that it is possible that CEACAMI1 loss results in
obesity, and vice versa. Other than diet and age studies per-
formed in mouse Ceacaml mutants, other contributing factors
such as hormonal disturbances, human leukocyte antigen type
and genetic polymorphisms have not yet been investigated in
the context of CEACAM1 inhibition.'®* Short term inhibition
of CEACAMI as a cancer therapeutic may, however, prove
beneficial in maintaining weight of cancer patients having
cachexia.'”

In summary, CEACAM]1 is a crucial molecule in insulin sig-
naling and metabolism. The insulin signaling CEACAM1 func-
tion may prove beneficial in the context of monoclonal
antibody inhibition due to its potential for preventing or treat-
ing cancer cachexia and inhibiting the function of FAS, a
known oncogene. However, the metabolic aspect of
CEACAMT’s function must be closely monitored in the context
of inhibition due to the potential for development of metabolic
disorders that can affect the liver, an organ bearing a heavy bur-
den in patients treated with a host of cytotoxic agents. We sug-
gest that diabetic patients and those with liver disease should
be carefully monitored and/or considered for exclusion from
early trials of CEACAMI inhibitors in cancer because of the
distinct possibility of worsening these conditions due to
CEACAMT’s function in insulin clearance and preventing NASH.

Vascular homeostasis

CEACAML1 has been extensively studied in the context of vas-
cular homeostasis, endothelial cell permeability, vasculogenesis,
tumor angiogenesis and cardiovascular disease.'’® CEACAM1
is highly expressed in de novo blood vessels, but not established
ones.'””"'® CEACAMLI also plays an important role in vascular
endothelial lumen formation, given its function as a mediator
of VEGF-induced vasculogenesis and angiogenesis, particularly
in the context of cancer development'®®''* In addition,
Ceacaml™'~ mice develop endothelial dysfunction with these
mice demonstrating impaired endothelial integrity with fat
deposition and aortic plaque-like lesions in the aorta''>''® due
to insulin’s regulation of altered nitric oxide production in aor-
tic endothelial cells with CEACAM1 abolishment.

CeacamI™'~ mice also have increased blood pressure with
increased activation of the renin-angiotensin system.''”''®
This effect is downstream of PI3K-AKT signaling pathways
and depends on CREB family and NF-«B transcription factors.

CEACAMLT’s function in the early development of new ves-
sels applies to angiogenesis in the context of a tumor.'’
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CEACAM]1 inhibitors may act as anti-angiogenic compounds,
similar to the class of VEGF inhibitors approved for cancer
therapy.'"” Since CEACAM1 inhibition will be used in the con-
text of metastatic patients, this negates the risk posed by the
possibility of increased vessel leakiness promoting
metastasis.''*

CEACAML1 is expressed at higher levels in human patient
serum in response to myocardial infarction.'*” Under these
conditions, Ceacaml™'~ mice exhibited lower mortality,
improved cardiac function and lower myocardial expression of
pro-apoptotic genes compared with wild-type littermates.'*
CEACAMI is a novel serum biomarker for pericarditis.'*'
These findings linking CEACAM1 to hypoxic conditions may
stem from the induction of HIF-l« in hypoxia, which in turn
induces expression of CEACAMI1 through VEGE.'%®

The link between CEACAMI loss and cardiovascular func-
tion will require close monitoring in clinical trials inhibiting
CEACAMI1. Furthermore, a therapeutic antibody targeting
CEACAM1 must be carefully designed to promote an antitu-
mor angiogenic response rather than one that promotes
metastasis.

Considering the major role played by CEACAM1 in cardio-
metabolic syndromes described above as well as its pertinent
role as a co-inhibitory receptor in both lymphoid and myeloid
compartments, CEACAMI loss or its inhibition results in a
pro-inflammatory condition due to the expression of various
chemokines/cytokines such as interferon y, IL18, IL6, TNF«,
leptin and TGFS (reviewed in Ref. [86]). Thus, high-fat feeding
of Ceacaml mutants stimulates a NASH-like condition as seen
in human patients, progressive fibrosis®® and renal dysfunc-
tions.""®* CEACAMI is also known to play a role in murine coli-
tis.>** These conditions should be appropriately monitored in
future clinical trials.

CEACAMT1 expression in cancer cells

While a CEACAMI1 inhibitor would play an important role in
modulating the tumor microenvironment and immune infil-
trate, such an inhibitor could also work by attacking cancer
cells directly; this is a unique feature of this class of therapies.
CEACAMLI is highly expressed in several different cancers and
is correlated with tumor progression, metastasis and overall
survival.”>>'** A monoclonal antibody therapeutic targeting
CEACAM1 can have direct antitumor effects, such as inhibiting
tumor cell growth or activating immune cell function. If a
CEACAM1-specific monoclonal antibody were to effectively
inhibit tumor cells directly, while also activating the immune
system as explained in the previous section, such an antibody
would be a powerful therapeutic in the context of local and
metastatic disease. In this section, we outline evidence gathered
from cancer-specific CEACAMI studies in several different
cancer types that represent the most likely to benefit from treat-
ment with a CEACAML1 inhibitor (Figs. 3 and 4).

Melanoma

CEACAMLY’s role in melanoma is well defined. A significant
number of studies have unanimously demonstrated the prog-
nostic value of CEACAMI1 expression in melanoma diagnosis
and progression and metastasis, solidifying the claim that CEA-
CAM1 can be applied as an improved prognostic biomarker
over the commonly used Breslow depth.'**'**"'*” This function
has been confined to the overwhelming expression of CEA-
CAMI-L rather than CEACAM1-S on melanoma cells®'**
(Fig. 4). Importantly, serum levels of soluble CEACAMLI is a
prognostic and predictive biomarker in melanoma, with higher
serum CEACAMI levels correlating with decreased survival,
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decreased efficacy of autologous vaccination and failure to
respond to immunotherapy.'*'**'** Elevated CEACAMI
expression was observed in whole blood samples of melanoma
patients treated with ipilimumab who exhibited gastrointestinal
immune-related adverse events, thereby defining it as a poten-
tial biomarker to detect such pathologies.""

The relationship of CEACAM1 with cells of the immune
compartment has been studied in depth in melanoma; a high
percentage of circulating NK and CD8* T lymphocytes are
CEACAM1" in melanoma patients.'"* CEACAM1 homophilic
interactions between melanoma cells and tumor-infiltrating
lymphocytes (TILs) are thought to dampen in vivo TIL func-
tions and thus limit efficacy of TIL adoptive cell transfer ther-
apy in melanoma patients.'*> Continuous interferon-y (IFNy)
production which promotes CEACAMI expression'”” could
lead to CEACAM1 upregulation in surviving melanoma cells
and in turn to elevated resistance to TIL-mediated killing."** A
CEACAM1-directed therapy would be important in eliminat-
ing this potentially deleterious feedback loop. The CEACAM1-
4L isoform downregulates cell surface levels of NKG2D ligands
MICA and ULBP2 in a mouse melanoma cell line,*® in line
with the established function of CEACAM1 in NK and T cells,
as discussed above. Due to the overwhelming evidence outlin-
ing  CEACAMI’s expression on metastatic melanoma
cells,"**'** its relationship with the immune system, and the
astounding success of immunotherapies in metastatic
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melanoma, it is desirable to include a monoclonal antibody
targeting CEACAMI in trials with metastatic melanoma
patients. CEACAM1I’s reported value in predicting prognosis
raises interesting questions about the role of such an inhibi-
tor when used in combination with already approved
immunotherapies.'*’

Colorectal cancer

CRC was among the first to be explored relative to CEACAMLI,
mainly because of CEA’s discovery and use as a prognostic bio-
marker in this cancer.'”® Early studies demonstrated that CEA-
CAM1 is downregulated early in CRC development as
observed in adenomas, suggesting its role as a tumor suppres-
sor.”**'*? Later studies demonstrated that an absence of CEA-
CAMI1 may promote early CRC development by removing
CEACAMI-mediated growth inhibitory signaling since, for
example, genetic reconstitution of CEACAM]1 expression was
observed to inhibit cancer cell proliferation.'** On the other
hand, CEACAMI1-L expression is increased in advanced stages
of CRC and is associated with invasiveness and metastasis
when present in humans.'"'*"'*>'** However, other studies
have not demonstrated significant correlation between CEA-
CAMI expression and invasiveness."**'**

The experimental data relating to CEACAM1 upregulation
in CRC is equally debatable. Liver metastasis is decreased when
CRC cells are engrafted into Ceacarnl™'~ mice on one hand,*’
while overexpression of CEACAM1 in CRC cells has been
observed to decrease their propensity to metastasize to the liver
in other xenograft models.*""'** This might depend on the
inherent genetic mutations of the murine cell lines used as xen-
ografts or on intrinsic modulation of the transformative prop-
erties of CEA and CEACAMS6 on the human cell lines used in
these studies, which could inhibit cell differentiation or pro-
mote anoikis when engaged at the cell surface by CEACAM1
on the human CRC cells.'**'** On the other hand, in a model
of azoxymethane-dextran sodium sulfate-induced colitis, CEA-
CAM1-deficient mice exhibited protection from colorectal neo-
plasia, consistent with the notion that CEACAM1 expression
both promotes tumor-autonomous aggression and inhibits the
immune system when expressed on the tumor and immune
cells, respectively.” Consistent with the latter, CEACAMI
expression on the TILs in mouse and humans marks the most
highly exhausted T cells.>** In fact, both CEACAM1 and TIM-
3 are highly expressed on circulating CD8™ T lymphocytes and
TILs of CRC patients compared with normal tissue, with CRC
tumors exhibiting a significant decrease in IFNy production
among the double-positive (CEACAMI'TIM-3") T cells.**
Thus, use of a CEACAMI1-specific monoclonal antibody should
be considered in clinical trials in patients with advanced CRC.
This would have the potential to cause both the reversal of the
inhibition imposed by CEACAMI1 expression on immune cells
and the potential for strong antitumor specific effects, which
would be enabling for a therapeutic agent.

Non-small cell lung cancer

Serum and immunohistochemistry measurements of CEA-
CAM]1 have revealed it as a valuable prognostic biomarker in
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non-small cell lung cancer (NSCLC)."*? High CEACAMI1-
expressing NSCLCs exhibit high microvessel density, distant
metastases, shorter median overall survival and progression-
free survival.'?>'**"*> While CEACAMI-L is the predominant
form expressed in normal lung tissue, CEACAMI-S is
expressed at higher levels in non-small cell and small cell lung
adenocarcinoma.'> Despite there being little functional data
on CEACAMLI’s role in lung cancer cells, it is likely that the
high level of specific CEACAM1 expression in these tumors
will allow a monoclonal antibody to bind to lung cancer cells
and have direct antitumor effects. Interestingly, CEACAM1
present in the urine of NSCLC patients represents an excellent
biomarker when considered along with 3 or 4 other signature
proteins.'>* In addition, cytokine-induced killer cells, defined
as CD3*CD56™ T cells, as well as CD8™ T lymphocytes derived
from NSCLC patients exhibit a sharp elevation of both CEA-
CAM1 and TIM-3, which therefore might represent hallmarks
of dysfunctional killer cells.'> The current success of other
similarly acting immunotherapies in the context of NSCLC
may also predict CEACAM1’s success in this disease type.'*®

Pancreatic cancer

Multiple studies have identified CEACAMI as a sensitive bio-
marker present in both the serum and tumor specimens of pan-
creatic cancer patients compared with healthy controls.">"*”"'>°
In addition, CEACAMI1 has been strongly correlated with dis-
tant metastasis of pancreatic adenocarcinoma.'” Knockdown
of CEACAM1 in human PaCa5061 pancreatic cancer cells
resulted in prolonged overall survival in mice subjected to sub-
cutaneous injection of tumor cells, suggesting CEACAM1
increases the aggressiveness of the xenograft.'> Although this
was not examined attentively, it remains possible that this
occurs through signal responses whereby CEACAMLI silencing
leads to significant changes in chemokine/cytokine secretion
from tumor cells thus influencing immune cell infiltration, as
seen with metastatic CRC.'** Although no information is yet
available relative to CEACAM1 expression in immune cells
infiltrating pancreatic tumors, immune activation in general
and high TIM-3 expression on circulating CD4" T lympho-
cytes in particular correlates with improved overall survival of
pancreatic cancer patients.'® It will be interesting to character-
ize CEACAMI expression on the T cells in this case since it
may be consistent with the proposed activating function of
TIM-3 in the absence of CEACAMI expression.” Taken
together, these studies show promise for CEACAM1 as a valu-
able pancreatic cancer biomarker that could serve as a target of
immunotherapy in this disease.

Bladder cancer

CEACAMI1 has been proposed as a urinary marker for bladder
cancer.'® However, CEACAM1 may be a tumor suppressor in
bladder cancer cells based upon analyses of bladder cancer cell
lines. In invasive bladder cancers (pT2-T4), endothelial cells of
immature blood vessels become CEACAMI1™" whereas epithe-
lial cells remain negative but correlate with high VEGF-C and
-D.'®" Overexpression of CEACAM1 in several bladder cancer
cell lines results in repressed growth on one hand, while

silencing results in increased VEGF expression and enhanced
blood vessel formation.'*'*"'®> CEACAML is highly expressed
on endothelial cells of angiogenic blood vessels, suggesting it
may be promoting their growth once they are established,
which would imply that CEACAM1 inhibition may be anti-
angiogenic in this type of cancer.'®" TIM-3 is highly expressed
in cancer cells, TILs and endothelial cells of bladder uro-epithe-
lial carcinoma specimens, significantly correlating with
advanced grade and tumor stage.'®® High TIM-3 expression
also represents an independent predictor of shortened disease-
free and overall survival.'®® Despite the anti-proliferative effects
that CEACAM1 expression may have on bladder cancer cell
lines, bladder cancer patients remain as good candidates to be
treated with a CEACAM1-blocking drug because of the success
of immunotherapies in early trials of metastatic bladder can-
cer,'®* and because the evidence for increased TIM-3 in the
associated immune cells suggests the possibility that these may
represent CEACAMI1 co-expressing cells that are highly
exhausted.”

Conclusion

Decades of studies have characterized the role of CEACAMI1 in
the context of the immune system and cancer” CEACAM1
represents a novel therapeutic target that can be exploited
alongside existing immunotherapeutics to treat cancer, particu-
larly due to its well-established inhibitory function in T and
NK cells. In addition, CEACAMI is also a tumor-associated
molecule in several cancer types, potentially providing a second
angle from which a CEACAM1-specific monoclonal antibody
can target cancer cells. Future work will reveal the most appro-
priate indications for therapeutic agents targeting CEACAMI1.
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