THE HIDDEN HIGHWAY - REDISCOVERING THE INTERSTITIUM

For more than a century, human anatomy has been taught from slices: thin, fixed sections of tissue examined under
the microscope, preserved by dehydration and chemical fixation. Those methods, indispensable to histology, have
also been blindfolds. In March 2018 a multidisciplinary team led by researchers at NYU Langone Health published
a striking set of observations that forced a reconsideration of what had been called mere connective tissue. Using
probe-based confocal laser endomicroscopy (pCLE) to examine living human tissues in situ, the investigators saw
a continuous, fluid-filled network occupying spaces beneath epithelial layers and surrounding organs, blood vessels,
and nerves. They proposed that these spaces—supported by a lattice of collagen and elastin—constitute an
interconnected, dynamic compartment that plays roles in fluid transport, cushioning, and possibly cellular trafficking.
The team popularized the term interstitium to describe this organized, macroscopic, fluid-filled space, and framed
its discovery as the identification of a large, previously unrecognized organ-system of the body.

How the discovery happened reveals the importance of observing biology in its living state. Conventional histology,
the authors pointed out, collapses fluid-filled spaces when tissues are dehydrated and fixed, so the plane and
continuity of such spaces are obscured. pCLE, a technique that introduces a fibre-optic probe and captures
microscopic images of tissue architecture in vivo, preserved the hydrated state and revealed a network of
distensible, fluid-filled compartments. The spaces were reinforced by collagen bundles and lined by cells that
stained positive for markers associated with fibroblasts and endothelial-like elements. The researchers observed
interstitial compartments beneath the skin’s surface, in the submucosa of the gastrointestinal tract and urinary tract,
within the adventitia of blood vessels, and surrounding organs and musculature. Electron microscopy confirmed the
presence of an open, fluid-filled channel-like architecture rather than a uniformly dense matrix.

The initial report advanced provocative ideas: that the interstitium could serve as a shock absorber for tissues, a
conduit for interstitial fluid and macromolecules, and a highway for migrating cells, including tumour cells. The
implications for oncology, immunology, and pathology were immediate. If tumour cells could move through these
fluid-filled spaces with less resistance than previously thought, the anatomical routes of metastasis might need
reappraisal. The interstitium’s continuity with the lymphatic system suggested a plausible anatomical pathway
facilitating tumour cells’ access to lymphatics and distant sites. Clinicians and researchers speculated that sampling
or imaging of the interstitium might reveal early biomarkers of disease, or that therapies targeted to interstitial flow
and matrix might modulate inflammation, fibrosis, or metastatic spread.

News outlets amplified these ideas, often with headlines calling the interstitium a “newly discovered organ.” Such
language, while effective in public communication, fed debates in the medical community about nomenclature and
the criteria for defining an organ. Some anatomists and pathologists argued that the interstitium represented a
recharacterization of known extracellular matrix and interstitial fluid spaces rather than the identification of a discrete
new organ. They cautioned against overstating novelty: the interstitial compartment has been studied for decades
in physiology and pathophysiology (edema, tissue pressure, lymphatics), and many textbooks already discuss
interstitial fluid and connective tissue architecture. Proponents responded that the 2018 work’s novelty lay in
visualizing the three-dimensional, macroscopically continuous, fluid-filled lattice in living tissues—the structural and
functional properties that were obscured by traditional fixation.

Subsequent studies and reviews have both extended and tempered the initial claims. Follow-up work has examined
the interstitium’s composition—collagen | and I1l fibres, elastin, proteoglycans, and glycosaminoglycans embedded
in fluid—and characterized specialized lining cells that sometimes express vimentin and other mesenchymal
markers. Observational studies extended pCLE imaging to different organs and noted variability in compartment
size and organization. Investigations using immunohistochemistry, electron microscopy, and advanced imaging
confirmed that hydrated tissue architecture reveals channels and cavities not evident in fixed preparations. Reviews
have highlighted the interstitium’s physiological roles: a reservoir for interstitial fluid that buffers changes in
hydrostatic and oncotic forces; a mechanical cushion protecting organs from shear stress; and a milieu for immune
surveillance where antigen-presenting cells and lymphocytes can encounter soluble mediators.



Clinically, research attention focused on two promising areas: diagnostics and disease mechanism. For diagnostics,
the idea emerged that sampling interstitial fluid or imaging interstitial architecture in vivo might detect early
pathological changes—fibrotic remodelling, proteomic shifts, or the presence of cancer cells. Minimally invasive
endomicroscopy might reveal altered interstitial patterns in inflammatory bowel disease, fibrosis, or early neoplasia.
For disease mechanisms, investigators explored the interstitium’s role in cancer metastasis, chronic inflammation,
and fibrotic diseases.

In cancer biology, animal models and human tissue studies examined whether tumour cells exploit interstitial
channels to migrate, whether interstitial flow gradients influence chemokine distribution and cell motility, and
whether remodelling of interstitial collagen bundles facilitates invasion. In fibrosis, persistent activation of fibroblasts
and alterations in extracellular matrix composition could stiffen the interstitium, altering fluid dynamics and
predisposing to organ dysfunction. In lymphedema, compromised lymphatic drainage leads to interstitial fluid
accumulation and matrix remodelling; a better structural understanding of interstitial compartments has informed
therapeutic thinking about how to restore drainage or prevent pathological remodelling.

Despite enthusiasm, several important caveats emerged.

First. The degree to which the interstitium is a discrete anatomical organ versus a description of a functional
compartment remained debated. Traditional definitions of organs emphasize a collection of tissues organized for
specific functions; critics argued that calling the interstitium an organ conflates structural continuity with organ-level
function.

Second. Variability across tissues complicated generalization: while mucosal and submucosal interstitial
compartments showed prominent fluid-filled spaces, parenchymal interstitium within solid organs like liver and
kidney had different architectures and relationships to vasculature and lymphatics.

Third. The functional significance of the interstitium in human disease required rigorous longitudinal and
mechanistic studies; imaging observations alone could not prove causality in metastasis or disease propagation.

Methodologically. The discovery highlighted the limits of postmortem and fixed-tissue histology and underscored
the value of in vivo imaging. pCLE and similar techniques preserve hydration and tissue pressure, revealing native
relationships among cells, matrix, and fluid. The work also stimulated development of new imaging modalities and
analytic methods to quantify interstitial spaces, measure flow, and characterize molecular composition. Proteomic
analyses of interstitial fluid aspirates identified signatures of inflammation and tissue remodelling distinct from
plasma, offering potential biomarker candidates. Biomechanical studies quantified how collagen bundle orientation
and crosslinking determine interstitial compliance and influence shear forces during organ movement.

Philosophically. The interstitium story is a case study in how technological changes reshape conceptual anatomy.
Just as microscopes and staining methods in the 19th century transformed the understanding of cells and tissues,
contemporary imaging that preserves physiological conditions can reveal previously hidden structures. At the same
time, the discourse reminded the scientific community to balance enthusiasm with precision: new visualizations
deserve careful integration into existing knowledge and cautious translation into clinical practice.

For patients. Especially those confronting serious illnesses such as cancer—the interstitium’s discovery carried an
emotional resonance. Many clinicians and patient advocates hoped the new insights might lead to earlier detection
of metastasis or better strategies to prevent tumour spread. Researchers cautioned, however, that translational
impact would require years of basic and clinical research, validation of biomarkers, and carefully designed trials.
Meanwhile, the discovery stimulated interdisciplinary collaborations among anatomists, oncologists, immunologists,
and bioengineers.



Looking forward. Several research directions appear particularly promising.

First. Detailed mapping of interstitial architecture across organs, ages, and disease states could reveal patterns
predictive of pathology.

Second. Integrating interstitial imaging with molecular profiling (proteomics, metabolomics) could identify disease-
specific signatures in interstitial fluid.

Third. mechanistic studies in animal models could test whether manipulating interstitial flow or matrix composition
alters tumour cell dissemination or fibrotic progression.

Fourth. Engineering approaches—nanoparticle delivery systems or matrix-modifying therapeutics—might leverage
interstitial pathways for targeted drug distribution or remodelling.

Fifth. Refining non-invasive imaging modalities could enable clinicians to monitor interstitial changes longitudinally,
guiding personalized therapeutic decisions.

Critically, the scientific community must continue to clarify definitions and maintain rigorous standards of evidence.
Whether the interstitium is termed a “new organ” or a reappraised tissue compartment, the lasting value of the
discovery lies in its capacity to generate testable hypotheses and to open new investigative avenues. The challenge
Is to convert visual and structural observation into mechanistic understanding and clinically meaningful
interventions.

In the years since the 2018 publication, the interstitium has become a fertile concept rather than a settled category.
Peer-reviewed studies have expanded the descriptive anatomy and explored functional consequences; review
articles have synthesized findings and framed open questions; and careful critiques have contextualized the
discovery within longstanding literature on extracellular matrix and interstitial fluid dynamics. The trajectory is
familiar in science: an evocative initial finding accelerates research, prompts debate, undergoes refinement, and
eventually integrates into a more nuanced picture.

Positive attitudes. For a person who experienced iliness and was encouraged to maintain a positive attitude as
part of their healing journey, the interstitium narrative offers both symbolic and practical takeaways. Symbolically,
the discovery underscores that the human body still holds surprises—hidden structures and dynamics that, once
seen in the right light, reshape understanding. Practically, it illuminates potential pathways by which disease
processes travel and how the body’s internal environment can be both resilient and vulnerable. For patients and
families, the message is measured optimism: science progresses incrementally, and discoveries like the interstitium
expand the toolkit for research and, potentially, for future diagnoses and therapies.

The interstitium story is an exemplar of modern anatomy’s evolution—wherein technological advances enable
seeing the living body anew, provoke re-examination of established categories, and generate a cascade of research
questions with clinical promise. Whether ultimately labelled a distinct organ or a newly appreciated organizational
feature of connective tissues, the fluid-filled lattice revealed in vivo has already reshaped conversations in
pathology, oncology, and physiology. The work ahead is to transform observation into mechanism and mechanism
into medicine—carefully, deliberately, and with the collaborative momentum that such a discovery has rightly
inspired.

Structure and composition
o Afluid-filled, lattice-like compartment between cells and organ parenchyma composed of interstitial fluid plus
an extracellular matrix scaffold of collagen (mainly types | and IIl), elastin, proteoglycans and

glycosaminoglycans.

e Collagen bundles form load-bearing “beams” that delimit fluid-filled spaces; lining cells
(mesenchymal/fibroblast-like, some expressing vimentin) are interspersed along the matrix.



Distribution is heterogeneous: prominent submucosal/subdermal networks vs. denser parenchymal interstitium
in organs (kidney, liver) with different microanatomy and connectivity to lymphatics.

Key evidence and methods

Probe-based confocal laser endomicroscopy (pCLE) and in vivo imaging captured hydrated, open spaces that
collapse in fixed histology.

Complementary methods: electron microscopy of fresh tissue, immunohistochemistry, multiphoton and intravital
microscopy, MRI/advanced imaging in some studies, and proteomic analysis of interstitial fluid aspirates.

Biomechanical measures (e.g., atomic force microscopy, tensile testing) assess compliance and matrix
stiffness.

Major interpretations & controversies

Interpretation: some researchers view the “interstitium” as a recharacterization of known interstitial spaces
revealed in vivo; others propose treating it as a distinct, functionally important compartment or organ-like
network because of its continuous, macroscopic fluid channels and specialized mechanics.

Critiques: (1) “New organ” claims are semantically and conceptually contested; (2) many physiological/clinical
roles attributed to it (e.g., major route of metastasis) require mechanistic proof beyond imaging; (3)
heterogeneity across tissues complicates sweeping generalizations.

Physiological and pathophysiological roles

Fluid dynamics: buffers hydrostatic/oncotic changes, participates in fluid transport to lymphatics, and modulates
interstitial pressure.

Mechanical function: shock-absorbing, shear-dissipating during organ movement.

Immunology: interstitial spaces host immune cells and soluble mediators; flow gradients can influence
antigen/chemokine distribution.

Disease links under active study: tumour cell migration/metastasis, lymphedema, fibrosis (matrix stiffening &
remodelling), chronic inflammation, and possibly routes affecting drug distribution.

Oncology implications (what’s established vs. speculative)

Established: tumour microenvironment and extracellular matrix strongly influence invasion and dissemination.
Interstitial fluid flow and matrix architecture affect cell motility in model systems.

Speculative / under investigation: whether interstitial channels provide a predominant, generalizable anatomical
highway for metastasis in humans; whether interstitial imaging or fluid proteomics yields reliable early cancer
biomarkers.

Diagnostic and therapeutic potentials

Diagnostics: in vivo imaging (endomicroscopy), non-invasive imaging advances, and proteomic/metabolomic
profiling of interstitial fluid might yield early indicators of fibrosis, inflammation, or malignancy—pending
validation.

Therapeutics: strategies could include altering matrix crosslinking or interstitial flow to limit metastasis, using
interstitial delivery routes or nanoparticles to exploit these channels, or preventing pathological stiffening in
fibrosis.



Open research priorities

Systematic mapping of interstitial architecture across organs, ages, and disease.
Longitudinal studies linking interstitial changes to disease progression/outcomes.

Mechanistic animal models testing causality (e.g., manipulate flow, matrix composition, or lymphatic
connectivity).

Standardized definitions and nomenclature to align anatomy, physiology, and clinical translation.

Development of minimally invasive sampling and quantitative imaging biomarkers.

Practical takeaway

The “interstitium” concept underscores that tissue hydration and native biomechanics reveal structures lost in
fixed tissue study. It has generated useful hypotheses about fluid mechanics, immune surveillance, fibrosis,
and cancer biology, but clinical translation requires further rigorous, mechanistic, and longitudinal work.

Fluid dynamics

Reservoir and conduit: the interstitium contains interstitial fluid that fills spaces between cells and tissue
structures; it acts as a local reservoir and a network of interconnected channels that convey fluid toward
lymphatic capillaries.

Forces and exchange: interstitial fluid volume and movement are governed by hydrostatic and oncotic (colloid
osmotic) pressures across capillary walls (Starling forces). Small changes in these pressures or in
capillary/lymphatic permeability alter interstitial volume and can produce edema.

Interstitial flow and convection: slow, bulk flow of fluid through the interstitial matrix (driven by pressure
gradients and lymphatic suction) provides convective transport of solutes, cytokines, chemokines and
particulate material over distances that diffusion alone cannot efficiently cover.

Matrix mechanics and permeability: collagen/elastin architecture, glycosaminoglycans and proteoglycans
set interstitial hydraulic conductivity and compliance; stiffening or remodelling (e.g., fibrosis, crosslinking)
reduces compliance, changes flow paths, and increases interstitial pressure.

Impact on transport and drug delivery: interstitial flow patterns and pressure gradients influence how drugs,
nanoparticles, and soluble factors distribute through tissues; high interstitial pressure can impede penetration
of therapeutics into tumours.

Immune responses

Cell trafficking corridor: interstitial flow and open fluid spaces facilitate migration of immune cells (dendritic
cells, macrophages, lymphocytes) as they patrol tissues or move toward lymphatics. Flow-guided migration
(mechanotaxis/chemokine advection) helps direct antigen-bearing cells to lymphatic vessels.

Chemokine/gradient shaping: convective flow carries and shapes chemokine and cytokine gradients,
affecting where immune cells are recruited and how strongly they are activated. This can amplify directional
cues beyond diffusion-limited ranges.

Antigen transport to lymph nodes: soluble antigens and antigen-presenting cells travel via interstitial fluid
into initial lymphatics; this transport is key for initiating adaptive immune responses in draining lymph nodes.



« Tissue immune niches and activation: the interstitial matrix provides a scaffold where resident macrophages,
fibroblasts, mast cells and dendritic cells interact; ECM composition and stiffness modulate cell activation,
phenotype, and cytokine production.

« Inflammation and remodelling: during inflammation, increased vascular permeability raises interstitial fluid
and protein content, recruiting immune cells and activating fibroblasts; chronic inflammation can drive fibrosis,
altering interstitial architecture and immune cell behaviour.

« Tumour immune microenvironment: in cancers, altered interstitial pressure/flow and ECM remodelling can
impede immune cell infiltration, skew immune phenotypes (e.g., toward suppressive macrophages), and affect
delivery of immunotherapies.

Net effect The interstitium is both a physical transport network for fluid and soluble signals and a dynamic
microenvironment that shapes immune surveillance, activation, and cell trafficking. Changes in interstitial flow or
ECM structure therefore have direct consequences for edema, infection control, inflammation resolution, and the
efficiency of immune responses (including anti-tumour immunity).

What is the interstitium? The interstitium is the watery, soft space that sits between cells and around organs. It's
made of fluid plus a supportive framework of proteins (like collagen) and cells. Think of it as a padded, fluid-filled
network throughout your body.

Why is it important? Scientists recently began seeing this space in living tissues and realized it's more organized
and connected than we thought. Because it carries fluid and cells, it can affect how things move inside the body —
including immune cells, signalling molecules, and possibly cancer cells.

What this could mean for cancer

o Pathways for spread: Researchers are studying whether cancer cells can use interstitial spaces to travel more
easily to lymphatic vessels and other parts of the body. This could change how we understand early steps in
metastasis.

e Immune system effects: The interstitium helps carry immune cells and immune signals. Changes in this
environment (for example, because of tumour growth) can make it harder or easier for immune cells to reach
and attack cancer.

o Treatment delivery: The fluid pressure and structure of the interstitium affect how drugs move through tissues.
High pressure or dense tissue can block medicines from reaching tumour cells, so understanding the
interstitium might help improve drug delivery.

« Biomarkers and diagnosis: In the future, sampling interstitial fluid or imaging interstitial changes might help
detect cancer earlier or show how well treatments are working — but this is still under study.

What is established vs. what's still unknown

o Established: The interstitium exists and plays a role in fluid movement, immune cell traffic, and tissue
mechanics. These basic roles are well supported by research.

« Still unknown: Whether the interstitium is a major, general route for cancer spread in people, and how best to
target or use it in treatment. Clinical applications (new tests or therapies) require more research and validation.

What this means for patients today

« Noimmediate changes in standard cancer care stem directly from the interstitium discovery. Current treatments
(surgery, chemotherapy, radiotherapy, immunotherapy, targeted drugs) remain based on proven evidence.



o The discovery is promising because it suggests new research directions that may eventually improve early
detection, reduce spread, or make treatments more effective.

e Askyour care team about clinical trials. Future trials may test approaches informed by interstitium research (for
example, new ways to deliver drugs or to modify the tumour environment).

Questions you might ask your doctor

e Is there any research on the interstitium relevant to my cancer type?

e Are there clinical trials exploring new imaging or drug-delivery techniques that use this knowledge?

e Could my treatment plan be affected by new findings about tissue pressure or drug distribution?

e Could tissue pressure or the local environment affect my treatment?

Bottom line. The interstitium is a newly appreciated part of how our bodies move fluid and immune cells. It holds

promise for future cancer research and treatments, but practical benefits for patient care will take time and careful
clinical testing.

THE INTERSTITIUM - WHAT IT MEANS FOR YOUR CARE

What is it? A network of fluid-filled spaces and supportive tissue that sits between cells and around organs. Think
of it as a padded, watery space throughout the body.

Why it matters
e It helps move fluid and immune cells and shapes how substances travel inside the body.

« Tumours and treatments can change this space, which can affect how cancer spreads and how well treatments
reach the tumour.

What researchers hope for

o Better ways to detect cancer earlier by looking at interstitial changes.

« Improved drug delivery so medicines reach tumours more effectively.

o New treatments that target tissue pressure or the supportive scaffold around tumours.

What we know now

« Scientists have seen the interstitium in living tissue and know it affects fluid flow and immune cell movement.
e There are no immediate changes to standard cancer care because of this finding.

Bottom line. The interstitium is a promising area of research that may improve diagnosis and treatment in future,
but clinical benefits will take time and testing.

Key primary source for further reading: Benias PC, Wells RG, Sackey-Aboagye B, et al. Structure and
distribution of an unrecognized interstitium in human tissues. Scientific Reports. 2018;8:4947. (NYU Langone press
materials also summarize this work.)
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