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EDITORIAL

The Tubulointerstitium: Dark Matter

Relegated to a less glamorous position than the glomer-
ulonephritides, the tubulointerstitial compartment or
tubulointerstitium of the kidney has been the dark matter
of the kidney universe.' In the same fashion that dark mat-
ter predominates over atomic matter, the tubulointersti-
tium does so over the glomerular compartment. In fact,
dark matter and the tubulointerstitium hold their respec-
tive universes together. In this issue, some of the mysteries
of kidney dark matter are revealed by Cynthia Nast and
the authors she has enlisted. The tubulointerstitial
compartment is featured, and several of its many aspects
are brought into the light.

Interstitial nephritis or more properly tubulointerstitial
nephritis (TIN) is common, yet still underdiagnosed.
Indeed, hypertensive nephrosclerosis is the most common
tubulointerstitial disorder. Long-term assault by uncon-
trolled hypertension induces rarefaction of peritubular
capillaries, with subsequent attenuation of sodium excre-
tion and an ongoing cycle of hypertension, impaired so-
dium excretion, and volume-dependent hypertension.
This capillary rarefaction phenomenon is recapitulated
in the ischemia- reperfusmn model of rat acute kidney
injury established by Basile.” In terms of adult acute kid-
ney injury (AKI), acute TIN accounts for 10-27% of cases
examined by kidney biopsy,” following the two foremost
etiologies of hospital-acquired AKI, prerenal azotemia
and acute tubular necrosis.

The classification of acute TIN is straightforward and
can be conveniently used at the bedside. Most instances
of acute TIN fall into one of these categories: drug toxicity,
heavy metals, metabolic disorders, hereditary disorders,
miscellaneous disorders, idiopathic, immunologic mecha-
nisms, anti-tubular basement membrane antibodies, im-
mune Complexes, hypersensitivity, and cellular
pathomechanisms.” Regarding the latter, recent, exciting
molecular discoveries have evinced some genetic tubu-
lointerstitial disorders such as uromodulin disease” and
juvenile nephronophthisis.” These are extremely rare
and progressive disorders, and family history and genetic
analysis are crucial to diagnosis.

Because no diagnostic pattern exists for acute TIN, it is
not alwa7ys considered early in the differential d1agn051s
of AKL"” Drugs such as proton pump inhibitors® and anti-
biotics” induce most acute cases of TIN, and the common
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reflex is to suspect the most recent additions to the medical
armamentarium and alter the medication regimen in hope
of self-amelioration of the problem. Kidney biopsies
certainly can be carried out more frequently to establish
the diagnosis, but there is an inertia among most to do
so. When biopsies are done acute TIN will be evident in
one-tenth of cases or more.” After acute TIN is established,
withdrawal of the putative, offending agent should be fol-
lowed by glucocorticoid administration, even when no
confirmatory biopsy is available. Although this maneuver
may prove salutary by mitigating renal fibrogenesis and
progression to chronic tubulointerstitial disease, resistance
to therapy prevails here. Is this resistance due to fear of
steroid-induced side effects or something else?

There are now intriguing data supporting the view that
early glucocorticoid administration results in superior
outcomes, and without induction of severe, untoward ef-
fects. Prendecki and associates examined b10p31es from
187 patients in a 14-year retrospective analysis.” Eighty-
four percent (n=158) received steroids and 16% (n=29)
were managed conservatively. These 29 participants
were matched to 29 steroid-treated individuals to avoid
selection bias and before analysis. After 24 months of
observation, the steroid-treated group had an estlmated
glomerular filtration rate of 43 mL/min/1.73 m? that was
51gn1ﬁcantly greater than those untreated at 24 mL/min/
1.73 m* (P < 0.01). In terms of dialysis dependence at
the 24-month end point, only 3.2% of steroid-treated pa-
tients required maintenance dialysis vs. 20.6%
(P < 0.002). This study is essentially a nested case-control
study. Therefore, the impact of confounding or bias,
particularly selection bias, on the outcomes cannot be
entirely excluded. Further testing of the Prendecki obser-
vations with a randomized, controlled trial is warranted.

Attenuation of renal fibrosis by glucocorticoids may
retard the transition from acute to progressive and chronic
tubulointerstitial inflammation with fibrosis. The inhibi-
tion of fibrogenesis promotes normal proximal tubular
functions, including the secretion of toxins from peritubu-
lar capillaries, receipt of nutrients from the capillary

© 2017 by the National Kidney Foundation, Inc. All rights reserved.
1548-5595/$36.00
http://dx.doi.org/10.1053/j.ackd.2017.01.003

51


http://dx.doi.org/10.1053/j.ackd.2017.01.003
http://crossmark.crossref.org/dialog/?doi=10.1053/j.ackd.2017.01.003&domain=pdf

52

network, and transport of solutes to the circulation.’
Generally, in drug-induced acute TIN, treatment should
be delayed no longer than two weeks following clinical
diagnosis and withdrawal of the offending agent. Hope-
fully, in the near-term, small molecule-targeting of various
interstitial cells such as perivascular pericytes will }orovide
novel means to impede tubulointerstitial fibrosis.'"""

Thus, a somewhat algorithmic, clinical approach to tu-
bulointerstitial disease has emerged, but it is imperative
to acknowledge the dynamic interplay of the intrinsic
components of this long underappreciated and largest
of kidney compartments. Combined with the kidney
tubules and vascular components, the interstitium
becomes the tubulointerstitium. However, the kidney
interstitial compartment or interstitium has been
defined by Lemley and Kriz'* as the intertubular, extra-
glomerular, extravascular space of the kidney bounded
topologically by tubular and vascular basement mem-
branes. The interstitium also includes the extraglo-
merular mesangium, periarterial connective tissues,
and lymphatics. Polkissen cells, also referred to as cells
of Goormagtigh and lacis cells, are found near the
vascular pole beneath the afferent arteriolar endothelia
and occupy the space between the vasculature and the
macula densa. These fibrillar pericytes likely participate
in kidney autoregulatory responses and possibly in
erythropoietin secretion.

The periarterial connective tissue sheaths represent the
scaffolding upon which the interstitial vasculature, vasa
recta and veins, and lymphatics are maintained. Here,
the vital solute exchanges occur that we take for granted
as passage from tubular lumina to vessels attributable to
the hydrostatic pressure gradient that drives solute from
the interstitium to the hilum. Note that there are no med-
ullary lymphatics, and thus, there are two kidney intersti-
tia, cortical, and medullary. This arrangement facilitates
countercurrent medullary solute trapping, thereby estab-
lishing in part the corticomedullary osmotic gradient.
The glycosaminoglycan content of the interstitium is rela-
tively high, too, and provides the microenvironment in
which tubulovascular structures equilibrate with each
other, that is, this is a water- and solute-restricted space.

The interstitium houses multlple cell types, extracellular
matrix, and interstitial fluid.” The proximal tubular cells
that constitute most cells of the kidney tubular compart-
ment may directly interact with the interstitium through
paracrine and juxtacrine mechanisms. They are semipro-
fessional antigen-presenting Cells and elaborate numerous
growth factors and cytokines.'’ Therefore, by virtue of
their proximity to the interstitium, these cells may partic-
ipate, as bystander or inciting party, in multiple types of
inflammatory insults within the tubulointerstitium. Prox-
imal tubular cells are exposed to inflammatory and immu-
nological stimuli on their tubular and basolateral aspects.
These cells are influenced by a host of autacoids and pro-
duce their own growth factors, metalloproteinases and in-
hibitors thereof, and cytokines, including transforming
growth factor-beta.'' The consequent cell-matrix interac-
tions may ultimately determine fibroblast dynamics that
hasten, stabilize, or abolish extracellular matrix produc-

tion. One of the best known and experimentally proven
examples is the influence of a high-glucose environment
on proximal tubular epithelia, whereby hypertrophying
cells transform to a matrlx -producing phenotype while
experiencing apoptosis.'' Less is known how the more
distal cells of the tubular compartment interact with the
neighboring interstitium.

Interstitial fibroblasts have been the subject of intense
scrutiny for over three decades, and are considered among
the prototypical “interstitial” cells. These mesenchymal,
nonvascular, noninflammatory, noneplthehal cells are the
most prevalent residents of the interstitium."” Fibroblasts
have specific cell markers and are distinguishable from
non-fibroblastic cells of renal mesenchymal origin, for
example, pericytes, myofibroblasts, vascular smooth
muscle cells, and stem cells. Historically, this had been
problematic, and fibroblasts were identified as those cells
that were not the cells that had identifiable cell markers.
Fibroblasts and myofibroblasts, derived from proto-myofi-
broblasts that dlfferenhated from fibroblasts or from
circulating fibrocytes,'>'* express matrix-promoting and
-degrading proteins such as zinc-dependent matrix
metalloproteinases and their tissue inhibitors, i.e., tissue
inhibitors of metalloproteinases. The net expression of
these counteracting proteins ultimately determines net
matrix accumulation or degradation of fibrillar collagens
I and III within the tubulointerstitium, which is the
preeminent  prognosticator of renal lon ev1ty—an
observation first espoused by Schainuck et al.”* Nearly
five decades ago, he and colleagues demonstrated in 70 kid-
ney biopsies that alterations in glomerular, tubular, vascular,
and interstitial compartments conformed to those of simul-
taneously measured glomerular filtration rates, effective kid-
ney plasma flows, and concentrating and acidifying
capacities, irrespective of the form of kidney disease. Quite
unexpectedly, the investigators concluded that “impaired
kidney function was most closely related to changes in the
tubules and in the interstitium” —a truism now known to all.

In the kidney cortex, interstitial fibroblasts are consid-
ered a source of endogenous erythropoietin production,
with the oxygen sensor intrinsic to these cells that express
messenger RNAs for erythropoietin and hypoxia-
inducible factor subunits 1-alpha and 2-alpha or another
peritubular cell juxtaposed to hypoxic blood flow. (18)"”
In addition, putative fibroblast adenosine production
within the interstitium increases during hypoxic condi-
tions. Fibroblasts, due to their tubular apposition, can
mediate the conversion of tubular adenosine monophos-
phate (5'-adenylic acid) to adenosine via intrinsic ecto-5'-
nucleotidase activity. The metabolic consequence of
intrarenally active adenosine is to lessen overall renal
workload during periods of metabolic stress by reducing
sodium reclamation and afferent arteriolar vasoconstric-
tion, with limitation of ultrafiltration.

Aside from fibroblasts and myofibroblasts the intersti-
tium also contains resident mast cells, macrophages, lym-
phocytes, lymphatic endothelial cells, and dendritic cells
(DCs). Mast cells are rare in the normal kidney, but have
been associated with both profibrotic and antifibrotic ac-
tions. They play a vital role in the kidney fibrosis of
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