
Over the last few decades, nephrology
has made great progress in explaining
the mechanisms of interstitial nephri-
tis. Such headway comes from 2 gener-
al lines of investigation. First has been
the notion that cellular immunity is the
principal effector of interstitial injury
(1), and second has been the idea that
interstitial nephritis is the final com-
mon pathway to renal failure (2). This
latter belief has prompted new work on
the cell biology of renal progression.
Now the report by Becker et al. in this
issue of the JCI (3) introduces a third
observation and a new wrinkle: Epstein-
Barr virus (EBV) may be the root cause
for most idiopathic interstitial disease.

The renal interstitium comprises the
virtual spaces surrounding glomeruli
and their downstream tubular ne-
phrons. These intertubular regions  are
home to resident and trafficking cells
such as fibroblasts, dendritic cells, occa-
sional lymphocytes, and lipid-laden
macrophages. The vasa rectae, which
siphon off solute and water following
tubular reclamation of glomerular fil-
trate, are also part of the interstitium, as
is the web of connective tissue that sup-
ports the kidney’s emblematic architec-
ture of tubules folded upon themselves.
The relational precision of these struc-
tures determines the unique physiology
of this complex organ.

Although interstitial nephritis can
be a primary cause of renal failure, it
usually follows glomerular injury from
antibody-mediated diseases, the endo-
crine and pressure disturbances of
hypertension, or the metabolic conse-
quences of diabetes or atherosclerosis.
Glomerular injury probably initiates
secondary interstitial disease as a
downstream consequence of persistent
proteinuria and cytokinuria from
leaky glomeruli (4). Regardless of eti-
ology, the interstitial changes are char-
acteristic and include macrophage
accumulation, mononuclear inflam-
mation, proteolysis, and tubular atro-

phy with concomitant fibrosis (5).
The relationship between the tubu-

lointerstitium and the immune system
has evolved dramatically as species
have become more complex. Tubular
nephrons in aglomerular bony fish are
immersed in interstitial lymphopoiet-
ic tissue full of macrophages and lym-
phocytes that are part of a primitive
immune system (6, 7). In seemingly
blissful tolerance, the nephrons oper-
ate unperturbed within this monocyt-
ic enclave, undoubtedly employing the
cleansing properties of a phagocytic
environment to better excrete aquatic
waste. Further up the evolutionary
tree, in land mammals such as rodents
and primates, there is devolution of
the interstitium away from its close
interdependence on lymphoid tissue.
This separation may reflect the need in
mammals to develop osmotic gradi-
ents that are inhospitable for lym-
phopoiesis, as well as
the kidney’s more
recessed and protec-
tive isolation behind
peristaltic ureters.
When interstitial
inflammation occurs
in metanephric kid-
ney, immune attack
is spearheaded by mononuclear cells
returning from the periphery (1). The
extent of tubulointerstitial injury de-
pends on the degree of lymphocyte
attraction and the relative antigen-pre-
senting properties of interstitial den-
dritic cells or renal epithelium (1, 8).
The inflammatory consequences are
surprisingly complex, given the rather
monotonous histologic look of this
pernicious lesion.

The causes of primary interstitial
nephritis fall into 3 broad categories:
(a) the development of nephritogenic
autoimmunity following the loss of
tolerance to parenchymal-self; (b) the
administration of nephritogenic phar-
maceuticals; and (c) exposure to a vari-

ety of infectious agents (2). The transi-
tion from acute to chronic interstitial
disease with the onset of tubular atro-
phy and fibrosis can be as short as a
few weeks. If inciting events are not
dealt with quickly, the kidneys will fail.

Interstitial nephritis following infec-
tion, particularly from bacteria such as
streptococci or diphtheria, was first
described by Councilman over 100
years ago (9). Today, these infections
occasionally produce interstitial injury
in children. Sporadic reports of infec-
tious interstitial nephritis in adults
favor the odd bacteria, exotica like
Rickettsia, Leptospira, or Schistosoma
mekongi, and viruses such as HIV and
Hantaan virus, to name a few (2). Up
to now, there has been no predictive
consistency for producing interstitial
nephritis by any microbe, and this is
why Becker’s report generates fresh
excitement (3). This group provides

the surprising observation that
patients with primary and persistent
interstitial nephritis unrelated to
drugs or acute infection — that is,
seemingly idiopathic — had EBV
genomes expressed exclusively among
proximal tubular epithelia in 9 of 9
random biopsies taken over 8 years.
This well-controlled finding is intrigu-
ing for its consistency and provocative
for advancing viruses as an etiology.

EBV is a ubiquitous herpesvirus that
can persist in a latent form, usually
within a small fraction of B lympho-
cytes that are not removed by the
immune response following primary
infection. Primary infection of oro-
pharyngeal epithelium and B cells via
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the CD21(CR2) receptor is asympto-
matic in small children and is associ-
ated with mononucleosis in adoles-
cence. Later in life, EBV may reawaken
as asymptomatic viremia, sponta-
neous lymphoid malignancy, or, at
any age, as a lymphoproliferative dis-
order following immunosuppression
(10). Some children with AIDS and
EBV also develop smooth muscle
tumors, suggesting that nonlymphoid
cells can be a nidus for reanimating
proliferative diseases. The variations
in EBV-associated malignancy may
relate to one of several recognized
forms of viral latency (10).

If most of the population carries
EBV, why is primary ideopathic inter-
stitial nephritis so uncommon? The
explanation is not obvious. Becker’s
group observed that CD21 receptors
were expressed constitutively and
exclusively along the proximal tubules
of normal kidney (3), so viral entry
into somatic cells due to the selective
appearance of new receptors seems
unlikely. Perhaps those who develop
EBV-related interstitial nephritis are
infected secondarily with a close
cousin of EBV that is not distinguish-
able by current probes, or manifest a
new CD21 ligand that reawakens
latent EBV in tubular epithelium, or
have a nephritogenic viral polymor-
phism that favors a previously unrec-
ognized form of viral latency, or
express a genetic polymorphism that is
MHC-restricted for EBV epitopes and
focuses an immunologic cross-reactiv-
ity to interstitial antigens. At the
moment, there are many hypotheses
but few answers.

What is it about persistent EBV that
encourages inflammation? Latency
produces at least 9 viral proteins —
particularly the EBV nuclear antigens
(EBNAs) and the latent membrane
proteins (LMPs) — some of which can
be autoimmune (11). On the other
hand, some EBV-infected cells express

vIL-10, which blocks B7 costimula-
tion of antigen-reactive T lympho-
cytes (12), perhaps creating a state of
immunologic privilege. Furthermore,
binding of EBV to its CD21 receptor
can signal NF-κB during self-limited
primary infection (13).

More important, perhaps, is the
constitutive expression of LMP1 dur-
ing latency. This TNF-like receptor
induces the apoptosis-protective pro-
tein bcl-2 (14) and also triggers cyto-
plasmic IκB release from NF-κB so
that NF-κB can move to the nucleus
(15; see also the Perspective by Sellers
and Fisher in this issue). In the nucle-
us, NF-κB reawakens the transcrip-
tion of numerous proinflammatory
genes that, in the proper context,
could facilitate interstitial injury.
Monocyte attracting chemokines
(MIP-1, MCP-1), cell adhesion mole-
cules (ICAM, VCAM), TNF-α, and the
profibrotic moieties angiotensinogen,
transglutaminase, osteopontin, and
FSP-1, to name a few (16), are all rele-
vant effectors of interstitial injury.
Both TNF-α and angiotensin II trig-
ger more NF-κB release (16), and a
vicious circle of monocytic infiltra-
tion (17), epithelial-mesenchymal
transformation (18), and interstitial
fibrosis may ensue (19, 20).

The novel findings of Becker et al.
remind us how important serendipi-
ty is to discovery. If one were to pick
a virus with staying power and a
quirk for pathologic mischievous-
ness, a herpesvirus like EBV would be
a good choice. The strength of pres-
ent findings invites confirmatory
work. A new door has opened to the
understanding of interstitial nephri-
tis. Ahead lies unanticipated oppor-
tunity and a fresh approach to viral-
mediated renal pathology.
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