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The Entire Body Encompasses the
Immune System
Because the immune system comprises numerous cell populations distributed
throughout the body, the study of immunology—especially of tissue-resident
immune cells—has been constrained by practical and technological limitations.
In this review, Columbia University immunologists describe many of these
immune cell subsets, and explain how emerging genome analysis and
computational techniques will help refine our understanding of immune system
dynamics.

The human immune system is a network of highly specialized cells that surveil all tissues and
coordinate the body’s response to pathogens, antigens, toxins, tissue damage, and tissue
changes. The variety and broad spread of immune system components presents a considerable
challenge when researching how their relationships are organized. Most current knowledge of
immune physiology comes from studies on peripheral blood. Rarer tissue studies are performed
mainly on diseased tissues, with organ donors providing most of the non-diseased tissue
available for investigation.

Innate and adaptive immunity are the two major aspects of the immune response. Innate
immune activity is triggered mainly by pathogens and dying cells, while adaptive immunity
involves generation of memory responses to specific antigens and maintenance of long-term
immunity. Both arms of immunity possess multiple discrete cell populations in circulation as well
as within tissues. Examples of tissue-dwelling cells include macrophages, mast cells, and
dendritic cells of the innate immune system, and tissue-specific B and T lymphocytes of
adaptive immunity. Circulating cells of innate immunity include neutrophils, monocytes, and
natural killer cells, while varieties of circulating T and B lymphocytes support adaptive immune
function.
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In this review, the authors discuss how development, aging, tissue location, and disease
reshape the immune response, and describe how refining our views on tissue-specific immunity
will aid the development of better-targeted therapies for many conditions.

According to these immunologists:

“T cells are unique among immune cells in that they have a specialized organ
for their development and output—the thymus—which is highly active at birth,
declines during childhood, and is nascently active in adulthood, with evidence
pointing to thymic shutdown in middle age (40-60 years). Upon export from the
thymus, mature T cells populate blood and virtually every tissue site in the
body.”

Review Summary

Among many important points in this review, we highlight the following:

● Especially at barriers and within organs, innate and adaptive immune cells closely
cooperate in immune defense. Key tissues that are crucial for studying the immune
response include the bone marrow, lymph nodes, tonsils, spleen, skin, lungs, liver,
intestines, and pancreas—all of which contain both adaptive and innate cells.

● In peripheral blood, innate system neutrophils are most abundant, while adaptive system
T and B lymphocytes are present in smaller proportions. Natural killer cells are innate
cells with anti-viral and anti-tumor functionality, whereas innate lymphoid cells encourage
tissue repair.

● In tissues, macrophages are key innate system members, responsible for ingesting
cellular debris, pathogens, and foreign matter; specific examples include brain microglia,
liver Kupffer cells, and alveolar macrophages.

● T and B lymphocytes of the adaptive arm of immunity express a variety of
antigen-specific surface receptors. T cells may be classified as either cytotoxic CD8+ (or
effector) T cells or as T helper CD4+ cells. Cytotoxic T cells secrete proinflammatory and
cytotoxic agents for killing infected or transformed cells, and are less diverse than T
helper cells, which include regulatory T cells, Th1, Th2, Th9, Th17, Th22, and T follicular
types.

● Dendritic cells are innate immune cells that connect innate and adaptive immune
function by transporting sampled antigens from mucosal areas (especially the intestines)
to present to adaptive T cells to trigger their activation.

● While most T cells undergo programmed cell death following their actions, a few survive
to differentiate into memory T cells, which populate blood and tissues to maintain
humoral immunity.

● Adaptive system B cells occur in blood and tissue, but are rare compared to T cells, and
are mainly found in the lymph nodes, bone marrow, and spleen. They express a unique
membrane immunoglobulin that can directly bind antigens. In gut-associated lymphoid
tissue and Peyer’s patches, certain B cells form clusters that are surrounded by a T cell
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zone. During the immune response, B cells help facilitate B and T cell interactions and
the progression of immunoglobulin class switching.

● In early life, naïve T cells predominate in early life, while memory T cell populations
expand through antigen interactions during childhood. In adulthood, memory T cells
predominate in non-lymphoid tissue while the blood, spleen, and lymph nodes continue
to harbor naïve T cells. Memory T cells in lymph nodes are more similar to stem cells,
whereas they show more differentiation in the spleen, bone marrow, and most especially
along the digestive tract.

RNA sequencing, transcriptor profiling, advanced cytometry, and other research innovations
reveal that each tissue’s resident immune cells have site-specific phenotypes, function, and
localization. These features may change during organismic aging in certain cell types
(especially, but not exclusively in adaptive immune cells), while other cells (especially but not
exclusively those of innate immunity) conserve their essential characteristics over time.

CONCLUSION

The immune system is comprised of cells distributed throughout the body.
While historical studies of immune cells have largely been conducted on
easily-accessed peripheral blood, research on tissue-residing cells has been
lacking. New research methods will provide profound insight into immune
dysfunction and enhance future efforts in developing vaccines and other
targeted therapies.
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