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Does Interleukin 6 Contribute to Renal Hemodynamic
Changes During Angiotensin II–Dependent Hypertension?

Michael J. Ryan

The role that the adaptive immune system has in the
control of blood pressure and pathogenesis of hyperten-

sion has been of interest to investigators for several decades.
Early evidence on this subject in humans showed an en-
hanced T-lymphocyte activation during malignant hyperten-
sion1 and also implicated a role for B lymphocytes, because
autoantibody production was elevated in hypertensive pa-
tients.2 In addition, early studies in experimental animal
models demonstrated that thymectomy cured hypertension in
New Zealand black mice3 or that renal-induced hypertension
in rats was associated with thymic hypertrophy.4 Moreover,
the transplantation of thymus extracts from Wistar-Kyoto rats
or immunosuppressive therapy reduced blood pressure in
spontaneously hypertensive rats.5,6 Although these studies
strongly implicated immune system dysfunction as an impor-
tant contributor to the development of hypertension, interest
in the role for the immune system in blood pressure control
appeared to wane.

More recently, an interest in the role of the immune system
in the development of hypertension has been renewed. In the
past several years it is has been difficult to miss the growing
body of evidence supporting a mechanistic role for the
adaptive immune system. Guzik et al7 demonstrated recently
that angiotensin II (Ang II)–dependent hypertension requires
T cells but not B cells using RAG1�/� knockout mice, and
Crowley et al8 similarly found an important role for adaptive
immunity in Ang II–mediated hypertension using severe
combined immunodeficient mice. There have also been
several studies showing that inhibiting B- and T-cell prolif-
eration with mycophenolate mofetil lowers blood pressure in
experimental animal models of hypertension, such as the
Dahl salt-sensitive rat.9 In humans, there is not as much direct
evidence available supporting a role for adaptive immunity in
the pathophysiology of hypertension; however, a small study
in 8 patients with essential hypertension (but also rheumatoid
arthritis and/or psoriasis) demonstrated that treatment with
mycophenolate mofetil lowered blood pressure.10 Taken to-
gether, this growing body of literature supports a potentially
important physiological role for the immune system in the

pathophysiology of hypertension, and there is continued
interest in understanding the cellular and molecular mediators
of these pathways.

One of the major mediators of immune system function is
inflammatory cytokines. Although this is an oversimplifica-
tion, multiple subsets of T cells produce a variety of inflam-
matory cytokines that function to promote humoral immunity
(T-helper 2), cell-mediated immunity (T-helper 1), immune
suppression (T regulatory), or the newly described T-helper
17 cytokines implicated in normal epithelial and mucosal
barriers, as well as tissue inflammation and injury. In humans,
there is a direct correlation between circulating and tissue
levels of T-helper 1 cytokines, such as tumor necrosis factor-�
(TNF-�) and interleukin 6 (IL-6), with blood pressure. De-
spite these associations, the physiological role for cytokines,
such as TNF-� and IL-6, in the development of hypertension
remains unclear. Pharmacological therapies used to reduce
the biological activity of TNF-� have had mixed success in
reducing/preventing hypertension in experimental animal
models, and there are limited available pharmacological tools
to manipulate IL-6. Therefore, there is a clear need for
experiments designed to better understand how specific
inflammatory cytokines contribute to hypertension.

Previous work from Brands and colleagues11,12 began to
investigate the mechanisms by which IL-6 contributes to Ang
II hypertension. Their data showed that hypertension caused
by high-salt diet and Ang II was blunted in mice lacking a
functional gene for IL-611; however, mineralocorticoid-
dependent hypertension was not affected.12 Although these
studies clearly pointed to a role for IL-6 in the development
of Ang II hypertension, whether the protection against Ang II
hypertension in IL-6 knockout mice depended on renal
hemodynamic changes was not directly addressed. In this
issue of Hypertension, Brands et al13 take an important step in
the direction of understanding the mechanism by which IL-6
contributes to Ang II hypertension. Similar to their initial
work, blood pressure in the current study was lower in IL-6
knockout mice given Ang II. However, different from results
obtained in the former study, the hypertension was com-
pletely abolished rather than only blunted. This is most likely
because the animals from the former study were maintained
on a high-salt diet, in addition to the Ang II. The reason that
Ang II is able to increase pressure in IL-6 knockout mice
maintained on a high-salt diet is not clear but suggests that
some permissive factors or alternative pathways are present
during high-salt intake. In addition, the inability to suppress
Ang II production is known to result in salt-sensitive
hypertension. Nevertheless, the blood pressure data from
both studies are relevant, because in each case they
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illustrate an important contribution of IL-6 to Ang II–
mediated hypertension.

The major advance made in the present study comes from
data collected during chronic measurements of renal blood
flow (RBF) in conscious mice. These results show that Ang II
dose-dependently produces a sustained decrease in RBF in
wild-type mice. Surprisingly, the RBF response to Ang II in
IL-6 knockout mice was similar to the wild-type mice, even
as the wild-type animals exhibited the expected hypertension
that was otherwise absent in the IL-6 knockout mice. The
authors go further to show that afferent arteriolar constriction
in response to Ang II is the same between wild-type and IL-6
knockout mice, at least under control conditions. These data
are provocative because they raise perhaps as many questions
as are answered related to the role that IL-6 plays in Ang II
hypertension. The author’s main conclusion that renal vaso-
constriction in response to Ang II is not sufficient to cause
hypertension in the absence of IL-6 begs the following
question: what are the factors and pathways mediated by IL-6
to promote hypertension? Assuming that glomerular filtration
rate is reduced to the same degree as RBF, one would predict
not only that sodium reabsorption has to be suppressed but
also that there is an active natriuresis occurring in the IL-6
knockout mice infused with Ang II.

The authors speculate, based on their data showing that
Ang II increased janus kinase 2/signal transducer and activa-
tor of transcription 3 (STAT3) in the renal cortex of wild-type
mice but not IL-6 knockout mice, that this signaling pathway
may be important for tubular sodium reabsorption. It will be
informative to determine whether janus kinase/STAT signal-
ing and epithelial sodium channel expression (ENaC) are
decreased specifically in the cortical collecting ducts of IL-6
knockout mice infused with Ang II. Some evidence suggests
that Ang II, in combination with IL-6, increases STAT3
signaling in proximal tubular cells and that IL-6 increases
ENaC expression in cultured collecting duct cells.14,15 If this
is the case, one could also speculate that decreased ENaC
expression in IL-6 knockout mice might counter the increased
drive for sodium reabsorption created by reduced medullary
blood flow in response to Ang II.

Even if these speculative changes in tubular reabsorption
of sodium are occurring in IL-6 knockout mice, they would
likely not be enough to offset the reduced filtered load of
sodium created by the predicted decrease in glomerular
filtration rate. Therefore, another factor would have to be
activated to promote the natriuresis. One possibility is the
cytokine TNF-�. Evidence from Shahid et al16 and work from
Ferreri et al17 suggest that TNF-� (stimulated by Ang II) has
potential natriuretic effects in the renal tubules. Perhaps in the
absence of IL-6, the natriuretic actions of TNF-� are en-
hanced. An enhanced TNF-�–mediated natriuresis, coupled
with the possible reduction in renal cortical ENaC, may be
enough to overcome the renal hemodynamic effects of Ang II
and TNF-� (Figure).

It should be noted that a role for the renal vasculature
cannot be completely dismissed. One of the limitations
acknowledged by the authors is that, although the RBF
response to Ang II is similar in wild-type and IL-6 knockout
mice, the RBF response is apparently blunted in the IL-6

knockout mice, especially over the last 3 days of Ang II
infusion. Whether this modest difference is physiologically
important will be difficult to discern. To bolster the idea that
Ang II hypertension is not dependent on renal vascular effects
of IL-6, the authors included data showing that afferent arteriolar
constriction in response to increasing concentrations of Ang II is
not different between wild-type and IL-6 knockout mice. How-
ever, this relationship will need to be tested in knockout and
wild-type mice chronically infused with Ang II to further
solidify this claim. These types of experiments will need to be
performed to more completely understand how IL-6 contributes
to Ang II–mediated hypertension.

The mechanisms by which IL-6 contribute to the develop-
ment of Ang II are still not resolved. In addition to specula-
tion about renal vascular changes and tubular sodium han-
dling, it is possible that IL-6 may be necessary to drive the
well-known increase in oxidative stress caused by Ang II.
Furthermore, even though the present work by Brands et al13

is focused on renal mechanisms, the possibility of extra renal
factors playing a role remains, including direct effects of IL-6
on the peripheral vasculature or in the central nervous system.
This study by Brands et al13 provides important new infor-
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Figure. Proposed role for inflammatory cytokines in Ang II–de-
pendent hypertension. Direct renal vascular effects of Ang II
(and TNF-�) reduce RBF and glomerular filtration rate (GFR) to
promote sodium retention. IL-6, stimulated directly by Ang II or
indirectly through an Ang II–mediated increase in TNF-�, acti-
vates janus kinase (JAK) 2/STAT3 signaling in the renal cortex,
which augments ENaC expression and sodium retention. The
natriuretic actions of TNF-� partially counter the effects of
impaired renal hemodynamics and IL-6–mediated increases in
tubular reabsorption of sodium. The shaded boxes represent
relationships that are directly tested, or supported indirectly as
an association, in Brands et al.13
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mation that allows the reader to ask the next series of
questions that will need to be answered to understand the
physiological role of this important inflammatory mediator in
Ang II hypertension.
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