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COMMENTARY

Toll-Like Receptors, Hypertension, and an Antimalarial Drug
Madhu V. Singh1 

The role of the immune system in the pathogenesis of hyper-
tension is a growing area of research. Although the immune 
system had long been suspected to contribute to hypertension, 
only in the last decade have studies begun to define the roles 
of the participating immune cells and molecules involved in 
hypertension.1–4 Toll-like receptors (TLRs)5,6 are part of the 
innate immune system that recognize molecular patterns on 
various pathogens (pathogen-associated molecular patterns) 
and so called endogenous damage signals (damage-associated 
molecular patterns). These patterns may be proteins, lipids, 
carbohydrates, or nucleic acids. TLRs are expressed either on 
the cell surface or in intracellular endolysosomal compart-
ment. Although the endogenous ligands of the TLRs that trig-
ger hypertension have not been identified, disruption of TLR 
signaling has been shown to attenuate hypertension.

In a study published last year in “Cardiovascular Research,” 
McCarthy et  al. reported that intraperitoneal injection of a 
TLR9 inhibitory oligonucleotide ODN2088 in adult sponta-
neously hypertensive rats (SHR) decreased the systolic blood 
pressure, whereas injections of TLR9 agonist ODN2395 in 
normotensive rats increased the systolic blood pressure.7 In 
their study published in the current issue of American Journal 
of Hypertension,8 these investigators extend their findings by 
testing a mechanism of intracellular TLR activation, particu-
larly TLR9, in SHR hypertension. Chloroquine, a drug known 
as an effective antimalarial therapeutic agent, blocks endoso-
mal maturation9 by inhibiting vesicular acidification that is 
also required for TLR9 signaling.10 McCarthy et al. injected 
chloroquine in SHR to disrupt TLR9 signaling and measured 
expression of key molecular components of TLR signaling in 
mesenteric resistance vessels that significantly contribute to 
hypertension. The major finding of the study is that in young 
prehypertensive SHR (5 weeks old), disruption of intracellu-
lar TLR signaling by chloroquine decreased blood pressure. 
These findings are consistent with the authors’ previous report 
as well as with the findings by Harwani et al.11 demonstrating 
that the isolated splenocytes from prehypertensive SHR have 
an enhanced proinflammatory response to TLR 7/8 and 9 
agonists in the presence of nicotine. In normotensive Wistar-
Kyoto rats, nicotine was anti-inflammatory. Moreover, in vivo 
infusion of nicotine in young prehypertensive SHR induces 
premature hypertension.12 An important concept which 

evolves from this work is that the innate immune system is 
important in SHR hypertension. This concept is also shown to 
work in angiotensin II (Ang II) induced hypertension where 
priming of dendritic cells, a member of the innate immune 
system, by Ang II contributes to hypertension.13

A second concept in this paper is the possible role of 
TLR adaptor protein MyD88. All TLRs, except intracel-
lular TLR3, require MyD88 for signaling. Loss of MyD88 
protein severely impairs TLR signaling and inflammatory 
responses.14 In the study by McCarthy et  al., chloroquine 
decreased the expression of MyD88 in mesenteric vessels in 
prehypertensive SHR and reduced subsequent hypertension. 
This would mean that MyD88 acts as a proinflammatory 
signaling molecule that may contribute to the development 
of hypertension in SHR. This finding is in contrast to our 
study with Ang II infusion in mice showing that MyD88 is 
anti-inflammatory and TRIF is an inflammatory adaptor 
protein in Ang II-induced hypertension.15 McCarthy et al. 
did not directly examine the role of MyD88 in established 
SHR hypertension. It is possible that MyD88 plays a different 
role in a genetically abnormal innate immune system of SHR 
than in the acquired Ang II hypertension.

A third concept emerges from the paradoxical finding 
that in contrast to the prehypertensive SHR, chloroquine 
treatment increased MyD88 expression in adult SHR. If so, 
then in adult SHR chloroquine treatment should increase 
blood pressure. The effect of chloroquine-induced increase 
in the expression of MyD88 on blood pressure of adult SHR 
needs to be examined. Did the blood pressure increase fur-
ther (since MyD88 increased) or did it decrease? In the latter 
case, it would support the anti-inflammatory and antihy-
pertensive role of MyD88 reported by Singh et al. paper.15 
This dilemma is unresolved at this time given the absence 
of data on blood pressure in adult SHR in the current study. 
This is a critical omission. There are other important ques-
tions that remain to be answered. For example, how specific 
is the effect of chloroquine on SHR hypertension? Does it 
also affect other mediators of inflammation?16 Are there sig-
nificant differences in the way the innate immune system 
responds in SHR and Ang II hypertension? Does MyD88 act 
as proinflammatory or anti-inflammatory in physiological 
vs. pathological context?
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Taken together, the results of this study identify changes 
in expression of TLR-signaling molecules in hypertension 
that may have a potential therapeutic lead into intracellular 
TLR signaling. At the same time, these results also underline 
the complexity of TLR system and its role in hypertension.
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