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Macrophages are one of the most abundant leukocytes found throughout the gut and play
essential roles in gastrointestinal homeostasis (1, 2), tissue injury and infection (3, 4),

and disease (1, 5, 6). They are versatile immune cells involved in a variety of cellular
functions ranging from pro-inflammatory (e.g., cytokine secretion and antigen presentation)
to pro-repair (e.g., growth factor secretion and phagocytosis) depending on tissue context.
These functions are largely driven by discrete signals in the tissue microenvironment that
drive cell polarization to a spectrum of activated subtypes (1).

Inflammatory bowel disease (IBD) is a family of chronic inflammatory disorders of the
gastrointestinal tract where persistent and aggressive immune cell responses are believed to
be a key driver of disease severity. In particular, pro-inflammatory macrophage accumulation
is associated with IBD pathogenesis (7), and many studies have demonstrated that
attenuating pro-inflammatory macrophage function ameliorates experimental disease (1).
The pro-inflammatory effect of macrophages has been well documented in murine colitis
and human IBD (8). However, less is known about the tissue repair roles of macrophages in
IBD and whether altered anti-inflammatory function contributes to disease. A body of recent
work has found that skewing macrophages to anti-inflammatory states may protect against
intestinal inflammation. For instance, human macrophages polarized with interleukin-4
(IL-4) to an anti-inflammatory phenotype have been shown to promote wound repair in
human colon-derived epithelial cells and to limit colonic inflammation in experimental
colitis (9).

Although an anticolitic effect of IL-4-treated macrophages has been demonstrated, the
precise signals in the complex tissue inflammatory environment of IBD that augment and
fine-tune the function of these cells have remained largely unexplored. A recent paper
published in the American Journal of Physiology—Gastrointestinal and Liver Physiology
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made a crucial advance in our understanding of how complex tissue signals can direct

and amplify pro-reparative functions of macrophages in disease (10). Through an unbiased
screen of isolated human macrophages that were polarized with 1L-4, the investigators of
this study identified novel cell surface receptors that are induced by treatment. Intriguingly,
they discovered that the receptor for the neuronal signaling ligand, calcitonin gene-related
peptide (CGRP), is highly elevated in these cells; an interesting finding consistent with

a body of literature showing CGRP regulation of macrophages in multiple tissue types
throughout the body (11, 12).

To investigate the role of CGRP in regulating human macrophage function, the authors
performed an array of studies with CGRP and IL-4-treated macrophages focusing on
known anti-inflammatory and pro-reparative functions of these cells. Notably, they found
that CGRP stimulation of IL-4-treated macrophages substantially enhanced wound healing
in epithelial cells, an effect likely driven by increased production of the growth factor
transforming growth factor beta (TGFB). Mechanistically, they identified cyclooxygenase-1
(COX-1) as the likely mediator of these effects. Furthermore, colitis studies showed that the
transfer of CGRP + IL-4-treated macrophages significantly amplified the anticolitic effect
observed versus the transfer of IL-4-treated macrophages alone. An important strength of
this study in the relevance to potential therapeutics was the isolation of macrophages from
both healthy subjects and Crohn’s disease patients. This strategy allowed authors to test if
innate macrophage dysfunction in IBD could contribute to an impaired functional response.
The finding that cells isolated from healthy and disease states equally show responsiveness
to augmentation with CGRP underscores the potential suitability of targeting this pathway in
patients with IBD.

The prevalence of IBD continues to rise and is estimated at between 2.4 and 3.1 million

in the United States (13). The development of therapeutics for IBD is a rapidly evolving
area of study and identifying targeted interventions that could enhance the current standard
of care is greatly needed. The exact etiology of IBD remains elusive; however, therapeutics
predominantly focus on broadly suppressing overall inflammation via cytokine inhibition.
With the advent of modern biological treatments over the past two decades, there has been
significant advancement in IBD treatment goals, with a move toward achieving endoscopic
healing in addition to symptomatic control (14). The Selecting Therapeutic Targets in
Inflammatory Bowel Disease initiative update (STRIDE-II) consensus helped establish a
timeline for each measured therapeutic goal with the prevention of disability and long-term
complications at the forefront (15). Although our arsenal of medication options for the
treatment of patients with IBD has grown over the last decade, many patients do not
achieve deep remission and lose response to treatment, thus necessitating a change in
medical therapy. This highlights the need to improve our understanding of the underlying
pathogenesis and identify new therapeutic targets to treat this complex and diverse patient
population including the possibility of macrophage-focused interventions.

Our therapeutic arsenal of medications continues to evolve but given the complex
pathophysiology of IBD, targeting multiple pathways is likely essential for the management
of this lifelong disease for many patients. The therapeutic focus has shifted toward achieving
deep mucosal healing to prevent future complications of the disease. This study highlights
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that targeting CGRP and CGRP-stimulated signaling pathways in macrophages may be a
viable route toward achieving this goal by enhancing the pro-tissue repair functions of these
cells to reduce intestinal inflammation. In summary, this work highlights the intricacies

that exist between immune cells and neuronal signals in the complex IBD environment,
advances our understanding of autologous macrophage transfer as a possible future therapy
for patients with IBD, and suggests CGRP as a new focal point for potential development of
targeted IBD treatments.
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