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CD4+ T cells (14). Furthermore, IFN-α/β 
modulates Th1 responses (15) and inhibits 
production of Th2 cytokines (16), some of 
which (e.g., IL-5, IL-13) are upregulated in 
the mucosa of patients with UC (17). Inter-
estingly, recent studies suggest that IFN-α/β 
is able to induce regulatory T cells (18) and, 
moreover, intestinal CD8+ plasmacytoid 
dendritic cells producing IFN-α/β after CpG 
ODN stimulation were shown to induce the 
differentiation of naive T cells to IL-10–
secreting T regulatory 1–like cells (19).

The protective effect of CpG ODNs seems 
to be independent of IL-10, as they amelio-
rate spontaneous colitis in IL-10–deficient 
mice (7). However, a key remaining ques-
tion is whether IFN-α/β treatment is ben-
eficial in T cell–dependent animal models 
of colitis such as the well-established adop-
tive CD4+ CD45RBhigh transfer model (20). 
Such detailed characterization of the bio-
logical function of IFN-α/β in experimen-
tal animal models will undoubtedly be of 
great value for future clinical trials in IBD.
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Vascular remodeling and  
the kallikrein-kinin system
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Remodeling of the arterial wall occurs mainly as a consequence of increased 
wall stress caused by hypertension. In this issue of the JCI, Azizi et al. 
report that in humans with a kallikrein gene polymorphism that lowers 
kallikrein activity, the brachial artery undergoes eutrophic inward remod-
eling in the absence of hypertension or other hemodynamic changes (see 
the related article beginning on page 780). It has also been reported that 
alterations of the kallikrein-kinin system are associated with formation 
of aortic aneurysms. Conversely, after vascular injury, kinins mediate the 
beneficial effect of angiotensin-converting enzyme inhibitors that prevent 
neointima formation. These findings raise the intriguing possibility that 
decreased kallikrein-kinin system activity may play an important role in 
the pathogenesis of vascular remodeling and disease, while increased activ-
ity may have a beneficial effect.
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Kallikrein-kinin system, vascular 
expression, and release
Kinins (bradykinin and lysyl-bradykinin) 
have been implicated in the regulation 

of renal function, blood flow, and blood 
pressure (1). The vasodilator, natriuretic, 
and diuretic effects of kinins are medi-
ated by the release of autacoids such 
as eicosanoids, NO, and endothelium-
derived hyperpolarizing factor. Kinins are 
released from kininogen by proteolytic 
enzymes known as kininogenases, the 
main kininogenases being plasma and 
tissue (glandular) kallikrein (hereafter 
referred to as kallikrein). Kinins are rap-
idly hydrolyzed by a group of peptidases 
known as kininases (Figure 1). In the 
blood, kinins circulate in the low pico-
gram range (2–20 pg), a concentration 100 
times lower than that needed to decrease 
blood pressure (2). Thus, if kinins par-
ticipate in the regulation of blood flow, 
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blood pressure, and renal function, they 
must act as autocrine hormones (at the 
site of release) or paracrine hormones 
(near the site of release) (3).

Kallikrein mRNA and protein are pres-
ent in blood vessels, which indicates that 
kallikrein is synthesized in vascular tissue 
(4–6). Kallikrein is released from isolated 
arteries and into the perfusate of isolated 
rat hindquarters and kidneys (7–9). While 
the factors that control vascular kalli-
krein expression have not been studied 
in detail, arterial kallikrein is decreased 
in Goldblatt renovascular hypertensive 

rats (10). Conversely, in the acute phase 
of experimental mineralocorticoid/salt 
hypertension (2 weeks after administra-
tion of mineralocorticoid/salt is begun), 
arterial tissue kallikrein concentration 
and release are both increased. However, 
in the chronic phase (4–6 weeks) arterial 
kallikrein is decreased, while in the veins, 
tissue kallikrein is increased in both the 
acute and chronic phase (9). In humans 
and rats with mineralocorticoid/salt 
hypertension, renal kallikrein excretion 
is increased, while in essential hyperten-
sion and other types of hypertension, 

it is decreased (11). Thus expression of 
kallikrein in the vascular tissue may not 
necessarily parallel urinary kallikrein 
excretion.

Kallikrein-kinin system, vascular 
remodeling, and disease
In this issue of the JCI, Azizi et al. (12) 
report that subjects with a polymor-
phism of the human kallikrein gene KLK 
(R53H) have lower urinary kallikrein 
excretion compared with that of con-
trol subjects (R53R). As a consequence 
of this polymorphism, the kallikrein 

Figure 1
Mechanism of kinin generation and effect 
of kinins via various intermediaries (NO, 
endothelium-derived hyperpolarizing fac-
tor [EDHF], and cyclooxygenase- and 
cytochrome P450–derived eicosanoids).

Figure 2
Arterial remodeling. (A) Diagram showing the manner in which remodeling can modify the cross-sectional area of arteries. The vessel in the 
center represents a normal artery. Remodeling can be hypotrophic, represented by reduced cross-sectional area of the vessel wall (left); 
eutrophic, with no change in cross-sectional area (center); or hypertrophic, characterized by increased cross-sectional area (right). These 
forms of remodeling can be inward, showing decreased lumen diameter (top); or outward, with increased lumen diameter (bottom). Modified 
with permission from Hypertension (13). (B) Diagram of a normal arterial wall (left) and an arterial wall with eutrophic inward remodeling, 
showing the decrease in both lumen and external diameter of the artery with normal wall area (right).
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expressed has decreased enzymatic activ-
ity. Thus, in affected subjects, kallikrein 
activity should also be decreased in the 
arterial wall and other tissues, since the 
polymorphism alters enzymatic activity, 
not kallikrein expression. In individuals 
carrying the polymorphism, compared 
with control subjects, there is a decrease 
in the internal diameter of the brachial 
artery but no change in cross-sectional 
area, a process referred to as eutrophic 
inward remodeling (Figure 2) (for review, 
see Mulvany et al.; ref. 13). In these sub-
jects, the arterial wall did not adapt to a 
chronic increase in shear stress. Azizi et 
al. indicate that 5–7% of normotensive 
Caucasian subjects will have the R53H 
polymorphism and consequently will 
exhibit eutrophic inward remodeling of 
the brachial artery. Despite remodeling 
of the arterial wall and decreased urinary 
kallikrein enzymatic activity, the subjects 
had normal blood pressure; however, 
one of the criteria for inclusion in this 
study was normotension. Moreover, all 
of the subjects were young (18–35 years). 
As individuals with the polymorphism 
— both the heterozygous (R53H) and the 
rare homozygous (H53H) form — grow 
older, it will be extremely interesting to 
observe whether they develop hyperten-
sion or other vascular diseases.

The authors recognize that the chang-
es they observed in vascular remodeling 
could be caused by variations in another 
gene located at the same site as KLK, and 
this possibility cannot be ruled out. How-
ever, the assumption that the kallikrein-
kinin system may play an important role 
in vascular remodeling and development 
of vascular disease is also supported by 
a recent report indicating that kinino-
gen deficiency is associated with aortic 
aneurysm formation (14). Both kinino-
gen-deficient Brown Norway Katholiek 
rats (which have a spontaneous muta-
tion in the kininogen gene) and normal 
Brown Norway rats (which have normal 
kininogen) are susceptible to develop-
ment of lesions in the internal elastic 
lamina of the aorta; however, in that 
study, a higher proportion of kininogen-
deficient rats (50%) developed aneurysms 
than those with normal kininogen (32%). 
The aneurysms were associated with 
enhanced elastolysis, FasL- and caspase-3– 
mediated apoptosis, induction of MMP-2  
and MMP-3 proteolytic cascades, and 
downregulation of tissue inhibitor of 
matrix metalloproteinase-4 protein 

(TIMP-4). Kininogen deficiency was also 
associated with changes in plasma con-
centrations of various cytokines. We have 
reported (15, 16) that carotid neointima 
formation after endothelial injury was 
prevented by an angiotensin-convert-
ing enzyme or kininase II inhibitor and 
this effect was mediated by kinins and 
NO. Furthermore, inactivation of the 
tissue kallikrein gene in mice induced 
endothelial dysfunction but not arterial 
remodeling. However, in these mice, the 
septum and posterior wall are thinned 
and left ventricular mass is reduced, while 
the heart tends to dilate (17–19). Collec-
tively, these studies suggest that the car-
diovascular kallikrein-kinin system may 
play a role in arterial and cardiac remod-
eling and pathology. However, it is very 
intriguing that these forms of vascular 
remodeling have a different pathogen-
esis: (a) eutrophic inward remodeling 
of the brachial artery, which may be 
due to restructuring of vascular smooth 
muscle cells around a smaller lumen as 
a result of chronic vasoconstriction (20); 
(b) aortic aneurysms, which may be due 
to enhanced elastolysis and apoptosis; 
and (c) neointima formation, which may 
be due to myofibroblast and vascular 
smooth muscle cell proliferation and 
migration to the neointima. Thus, fur-
ther studies are needed to understand 
the mechanism by which changes in 
vascular kallikrein-kinin system activity 
cause a heterogeneous alteration in the 
arterial wall and establish whether these 
changes lead to vascular diseases and 
hypertension.

Role of the kallikrein-kinin system  
in sodium and water excretion
Azizi et al. (12) also conclude that despite 
a 50% deficiency in urinary kallikrein 
activity in R53H-heterozygous individu-
als compared with control individuals 
(R53R), the kidney adapts to large varia-
tions in sodium and potassium intake. 
Although the subjects reach a sodium 
balance 7 days after being placed on 
either a low-sodium/high-potassium or 
high-sodium/low-potassium diet, this is 
not a very sensitive indicator of whether 
or not the renal kallikrein-kinin system 
plays an important role in the regulation 
of sodium and water excretion. We and 
others have produced evidence that the 
renal kallikrein-kinin system contributes 
to both acute and chronic regulation of 
water and sodium excretion as well as 

regulation of renal vascular resistance 
and medullary blood flow (21–23). For 
example, mice lacking kinin B2 receptors 
develop hypertension and increased renal 
vascular resistance after at least 6 weeks of 
a very high-sodium diet (3.15% Na+ in food 
plus 1% saline in drinking water) (24). It is 
beyond the scope of this commentary to 
discuss the possible role of the renal kal-
likrein-kinin system in the regulation of 
renal function (for a review, see ref. 1).

In conclusion, the interesting studies by 
Azizi et al. (12), reporting remodeling of 
the brachial artery in human subjects with 
a polymorphism of the kallikrein gene; 
Unger’s group (14), reporting increased 
aneurysm formation in rats deficient 
in kininogen; and Meneton et al. (17), 
reporting decreased flow-induced dilata-
tion in kallikrein gene–deficient mice, as 
well as previous publications regarding 
vascular kallikrein alterations in hyper-
tension (9, 10), raise the possibility that 
the genetic association between the gen-
otype R53H and inward remodeling of 
the brachial artery is causally linked to 
kallikrein deficiency. These findings also 
raise the possibility that alterations of the 
arterial kallikrein-kinin system may play 
an important role in the pathogenesis of 
vascular diseases.
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Numerous viruses cause latent infections in humans, and reactivation often 
results in pain and suffering. While vaccines for several of these viruses are 
available or currently being studied in clinical trials, and antiviral therapies 
have been successful in preventing or treating active infection, therapy to 
eradicate latent infection has lagged behind. A new study reported in this 
issue of the JCI shows that treatment of cells latently infected with Kaposi 
sarcoma–associated herpesvirus (KSHV) with glycyrrhizic acid, a compo-
nent of licorice, reduces synthesis of a viral latency protein and induces 
apoptosis of infected cells (see the related article beginning on page 642). 
This finding suggests a novel way to interrupt latency.

Licorice, derived from the root of Glycyrrhiza 
glabra, has been used for more than 4 millen-
nia as a flavoring agent in foods, beverages, 
and tobacco (1). Licorice is also used as an 
alternative medicine for the treatment of 
gastric and duodenal ulcers, sore throat, 
bronchitis, cough, arthritis, adrenal insuffi-
ciency, and allergic diseases. The licorice root 
contains numerous compounds, including 
glycyrrhizic acid (GA). It is estimated that in 
the United States, 3.3 mg of GA is consumed 
per person daily. GA inhibits the replication 
of several viruses in vitro including herpesvi-
ruses, HIV, and the SARS coronavirus. When 
taken orally, GA is hydrolyzed to glycyrrhetic 

acid by bacteria in the gastrointestinal tract 
before GA can be absorbed. Therefore, in 
Asia, where GA is used for the treatment of 
chronic hepatitis B or C infection, the drug is 
infused intravenously to achieve the appro-
priate serum levels.

In this issue of the JCI, Curreli et al. (2) 
show that GA induces apoptosis of prima-
ry effusion lymphoma (PEL) cells that are 
transformed by Kaposi sarcoma–associated 
herpesvirus (KSHV). KSHV is the etiologic 
agent of Kaposi sarcoma, and the virus is 
present in lesions from patients with multi-
centric Castleman disease and PEL. The latter 
presents as a malignant effusion located in 
the pleural, peritoneal, or pericardial space; 
tumor cells can also infiltrate the adjacent 
tissues. The virus is latent in PEL cells, which 
express a very limited set of viral proteins. 
The median survival time after diagnosis 
for patients with PEL is 6 to 12 months with 
chemotherapy and radiation therapy; thus, 
newer approaches to therapy are needed.

Curreli et al. (2) found that GA down-
regulates synthesis of the KSHV latency-

associated nuclear antigen 1 (LANA-1)  
(Figure 1). LANA-1 is expressed in all 
KSHV-infected cells, including PEL cells. 
This protein allows the viral genome to 
be maintained as an episome in latently 
infected cells. LANA-1 binds to p53, inhib-
iting p53-mediated apoptosis, and interacts 
with the retinoblastoma tumor–suppressor 
protein (Rb), which may prevent Rb-medi-
ated cell cycle arrest. Curreli et al. found that 
downregulation of LANA-1 by GA was associ-
ated with an alteration in the mitochondrial 
membrane potential with translocation of 
apoptosis-inducing factor to the nucleus, 
DNA fragmentation, and apoptosis (2). 
In addition, cells treated with GA showed 
higher levels of phosphorylated (active) p53, 
which resulted in cell cycle arrest at the G1 
checkpoint. GA upregulated expression of 
the KSHV cyclin protein (v-cyclin) but did 
not affect expression of the viral FLICE-
inhibitory protein (vFLIP). V-cyclin binds 
to and activates cyclin-dependent kinase 6, 
which results in phosphorylation and inac-
tivation of p53 and Rb. The increased level of 
v-cyclin in PEL cells treated with GA might 
also contribute to cell death, since overpro-
duction of the protein has been reported to 
induce apoptosis.

Additional molecular  
approaches to killing latent  
KSHV–infected PEL cells
Other approaches have been considered for 
the treatment of PEL, based on KSHV gene 
expression in these tumors. Tumor cells 

Nonstandard abbreviations used: EBV, Epstein-Barr 
virus; GA, glycyrrhizic acid; KSHV, Kaposi sarcoma–
associated herpesvirus; IL-6R, IL-6 receptor; LANA-1, 
latency-associated nuclear antigen 1; PEL, primary effu-
sion lymphoma; Rb, retinoblastoma tumor–suppressor 
protein; v-cyclin, KSHV cyclin protein; vFLIP, viral 
FLICE-inhibitory protein; vIL-6, viral IL-6.
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