Reversal of Cirrhosis
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Cirrhosis is one of the main causes of morbid-
ity and mortality worldwide. At early stages,
liver diseases are mostly asymptomatic, so many
patients are diagnosed upon the development of
liver-related complications (i.e., ascites, variceal
bleeding, etc.) [1]. In patients with established
cirrhosis, the removal of the causative agent
(i.e., response to viral hepatitis therapy, alcohol
cessation, etc.) may lead to, at a certain degree,
reversibility of the disease. This fact is related
to the capability of the liver to dissolve the fi-
brous bands and restore a nearly normal liver
architecture. While there is no doubt that even
advanced fibrosis is reversible, it is uncertain if
other abnormalities found in advanced cirrhosis
(i.e., microthrombosis, avascular nodules, etc.)
are reversible.

Liver fibrosis results from chronic damage to
the liver with the accumulation of extracellular
matrix (ECM) proteins, which is characteristic of
most types of chronic liver diseases [2]. The main
causes of fibrosis and cirrhosis in industrialized
countries include hepatitis C infection (HCV),
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alcohol abuse, and nonalcoholic steatohepatitis
(NASH). The accumulation of ECM proteins dis-
torts the hepatic architecture by forming a fibrous
scar and the subsequent development of nodules
of regenerating hepatocytes defines cirrhosis.
Cirrhosis produces hepatocellular dysfunction
and increased intrahepatic resistance to blood
flow, resulting in hepatic insufficiency and portal
hypertension, respectively [3].

Advanced fibrosis and cirrhosis were his-
torically thought to be passive and irreversible
processes, due to the collapse of the hepatic
parenchyma and its substitution by a collagen-
rich tissue [4]. Currently, fibrosis is consid-
ered a model of the wound healing response to
chronic liver injury [5]. Liver fibrosis received
little attention until the 1980s, when hepatic stel-
late cells (HSCs) were identified as the main
collagen-producing cells in the liver [6]. This cell
type undergoes a dramatic phenotypic activation
in chronic liver diseases with the acquisition of
fibrogenic properties [7]. Besides HSCs, portal
myofibroblasts and cells of bone marrow origin
have been shown to have fibrogenic potential [8,
9]. At the clinical level, rapid and slower fibros-
ers were identified, and genetic and environmen-
tal factors influencing fibrosis progression have
been partially described [10]. The demonstration
that even advanced liver fibrosis and cirrhosis are
potentially reversible has greatly stimulated re-
searchers to identify targeted therapies [11]. Bio-
technology and pharmaceutical companies are
increasingly interested in developing antifibrotic
programs, and clinical trials are currently under-
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way. However, the most effective therapy to treat
advanced fibrosis and cirrhosis is still to remove
the causative agent [12]. A number of drugs are
able to reduce the accumulation of scar tissue
in experimental models of chronic liver injury.
Lack of clinical trials is due to the need for long
follow-up studies and liver biopsies and should
be ameliorated by the current effort to develop
noninvasive markers to assess liver fibrosis.

Pathogenesis of Cirrhosis
Early Phase: Liver Fibrogenesis

After an acute liver injury (e.g., viral hepatitis),
parenchymal cells regenerate and replace the ne-
crotic or apoptotic cells. This process is associ-
ated with an inflammatory response and a limited
deposition of ECM. If the hepatic injury persists,
this reparative process perpetuates. Eventually,
liver regeneration fails and hepatocytes are sub-
stituted by abundant ECM including fibrillar col-
lagen. The distribution of this fibrous material
depends on the origin of the liver injury.

Liver fibrosis is associated with major altera-
tions in both the quantity and composition of
ECM [13]. In advanced stages, the liver contains
approximately six times more ECM, including
collagens (I, III, and IV), fibronectin, undulin,
elastin, laminin, hyaluronan, and proteogly-
cans. Accumulation of ECM results from both
increased synthesis and decreased degradation
[14]. Decreased activity of ECM-removing ma-
trix metalloproteinases (MMPs) is mainly due to
an overexpression of their specific inhibitors (tis-
sue inhibitors of metalloproteinases (TIMPs)).
HSCs are the main ECM-producing cells in the
injured liver [15]. In the normal liver, HSCs re-
side in the space of Disse and are a major stor-
age site of vitamin A. Following chronic injury,
HSCs activate or transdifferentiate into myofi-
broblast-like cells, acquiring contractile, pro-in-
flammatory, and fibrogenic properties [16]. Acti-
vated HSCs migrate and accumulate at the sites
of tissue repair, secreting large amounts of ECM
and regulating ECM degradation. Other cells like
myofibroblasts [17] and cells from bone marrow

origin [18]) can be a source of fibrogenic cells in
the injured liver. The relative importance of each
cell type in liver fibrogenesis may depend on the
origin of the liver injury.

A complex interplay among different hepatic
cell types takes place during hepatic fibrogen-
esis [19]. Damaged hepatocytes release reactive
oxygen species (ROS) and fibrogenic mediators
and induce the infiltration by inflammatory cells.
Apoptosis of damaged hepatocytes stimulates
the fibrogenic actions of liver myofibroblasts
[20]. Inflammatory cells, either lymphocytes
or polymorphonuclear cells, activate HSCs to
secrete collagen [21]. Activated HSCs secrete
inflammatory chemokines, express cell adhe-
sion molecules, and modulate the activation of
lymphocytes [22]. Therefore, a vicious circle in
which inflammatory and fibrogenic cells stimu-
late each other is likely to occur [23]. Fibrosis
is influenced by different T-helper (Th) subsets,
with the Th2 response associated with more ac-
tive fibrogenesis [24]. Kupffer cells are resident
macrophages that play a major role in liver in-
flammation by releasing ROS and cytokines [25].
Finally, changes in the composition of the ECM
can directly stimulate fibrogenesis. Type IV col-
lagen, fibrinogen, and urokinase-type plasmino-
gen activator stimulate resident HSCs by activat-
ing latent cytokines such as transforming growth
factor beta 1 (TGFp1) [26]. Fibrillar collagens
can bind discoidin domain receptors in HSCs
and stimulate collagen synthesis. Moreover, the
altered ECM can serve as a reservoir for growth
factors and MMPs [27].

Established Cirrhosis

Established cirrhosis results when bridging fi-
brosis is eventually accompanied by regenerative
nodules [28] (Fig. 8.1). In early phases, incom-
plete septal cirrhosis can be found. It is charac-
terized by the presence of very slender septa ra-
diating from enlarged fields toward the center of
the lobule. There are distended efferent vessels
around the septum. This type of cirrhosis pro-
duces only portal hypertension, and liver failure
is not usually observed. The prognosis of these
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Fig. 8.1 Fibrosis reversibility at different states of chron-
ic liver disease. The capacity of the liver to reverse from
fibrosis or cirrhosis to a nearly normal architecture de-
pends on the stage of the liver disease. The genetic and
environmental factors regulating fibrosis reversibility are
known. While patients with moderate cirrhosis and early
cirrhosis can fully reverse upon cessation of the cause of

patients is acceptable if the portal hypertension
is controlled. If the cause of liver injury is not
removed, the hepatic wound healing response to
injury progresses and early cirrhosis develops. In
this stage of the liver disease, thin fibrous septa
with dissecting nodules are present. As liver dam-
age progresses, wide scars containing clusters of
regenerative hepatocytes commonly appear and
advanced cirrhosis develops [29, 30]. This stage
of the disease is characterized by the accumula-
tion of abundant fibrillar collagen, which is re-
sistant to the collagenolytic actions of MMPs.
Moreover, advanced cirrhosis comprises major
changes in hepatic microcirculation, endothelial
integrity and function, and abnormal hepatocyte
organization.

Formation of nodules is the hallmark of ad-
vanced cirrhosis. They are divided into dissec-
tion and regenerative nodules [31]. Dissection
nodules contain remnants of portal tracts and
central veins. They contain thin fibrous septa as
well as dilated sinusoids especially at their pe-
riphery, which appear like multiple central veins
produced by the inflow of arterial blood from the
surrounding wide scars. Regenerative nodules

liver injury, the reversibility of patients with advanced cir-
rhosis can be hampered by cross-linking of collagen and
the presence of avascular nodules. The degree of liver fi-
brosis can be estimated histologically (Metavir stages), by
increase in portal pressure (hepatic venous pressure gradi-
ent (HVPG)) or by liver stiffness (in kPa)

favored by the rich arterial blood of scar tissue
arise in the midst of scars. They are round nod-
ules with a fibrous pseudo capsule with bile duct-
ules due to obstruction of bile flow [32]. Because
of their size, they compress the vessels of the
capsule, contributing to the perpetuation of the
cirrhosis. Importantly, regenerative nodules may
undergo dysplastic and malignant changes.
According to the degree of fibrosis and the
type of nodules, cirrhosis can be classified into
different progressive stages: incomplete septal
cirrhosis (incomplete bridging fibrosis, no nod-
ules), early cirrhosis (thin bridging fibrosis with
dissecting nodules), moderately advanced cir-
rhosis (thick bridging fibrosis with dissecting
nodules), and advanced cirrhosis (wide septa
with regenerative hyperplastic nodules). Histo-
pathologically, advanced cirrhosis can be divided
into micro and macronodular [33]. Micronodu-
lar cirrhosis is characterized by uniformly small
nodules (<3 mm in diameter) and regular bands
of connective tissue. Macronodular cirrhosis is
characterized by nodules that vary in size (3 mm
to 5 cm in diameter) and contain some normal
lobular structure (portal tracts, terminal hepatic
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venules). Collapse of the normal liver architec-
ture is suggested by the concentration of portal
tracts within the fibrous scars. Regeneration in
micronodular cirrhosis can result in macronod-
ular or mixed cirrhosis. Conversion from mi-
cronodular to macronodular cirrhosis takes more
than 2 years.

Vascular changes play a major role in the
pathogenesis of advanced cirrhosis [28]. Com-
plete septa may link central veins to central
veins, creating anastomoses between draining
vessels. Septa linking adjacent portal tracts create
vascular anastomoses between afferent vessels of
the portal tracts involved. Vascular structures in
central—central and portal—portal septa are not the
major determinants of a detrimental change in in-
trahepatic circulation [34]. The key phenomenon
in the emergence of a truly cirrhotic state is the
development of fibrous vascularized septa link-
ing portal tracts and central veins. Therefore por-
tal—central bridging fibrosis creates direct anasto-
moses between the afferent (hepatic artery, portal
vein) and efferent (centrilobular veins) vessels of
the liver, allowing a fraction of the blood to by-
pass the lobular parenchyma, without functional-
ly contacting a metabolically active parenchyma.
In advanced cirrhosis, most of the hepatic blood
supply appears to pass through the liver via these
channels [35, 36]. Further vascular changes in
developing an established liver cirrhosis are due
to vascular thrombosis. Thrombosis of medium
and large portal veins and hepatic veins is a com-
mon occurrence in cirrhosis, and these lesions
are important in causing progression of cirrhosis.
Investigations on neo-angiogenesis in cirrhosis
have focused attention on hypoxia of liver tissue
[37]. Hypoxia may result from several mecha-
nisms: impairment in sinusoidal permeability and
perfusion, intrahepatic shunts, vasoconstriction,
and thrombosis and capillarization of sinusoids.
Liver tissue hypoxia aggravates fibrosis progres-
sion, so that fibrosis and hypoxia may aggravate
each other in the presence of persistent parenchy-
mal injury, leading to a vicious cycle that disrupts
the normal tissue repair and thereby promotes the
development and progression of cirrhosis [38].

In advanced cirrhosis, there is a local pre-
dominance of vasoconstrictors over vasodilators,
resulting in a tonic contraction of perisinusoi-
dal HSC cells that increase vascular resistance.
Moreover, thrombosis in small vessels occurs
and intrahepatic arterial shunts develop [39].
Hepatocytes proliferate in ischemic areas in a
disorganized manner, forming regenerative nod-
ules. Pressure in the portal venous system pro-
gressively increases, leading to the development
of portocollateral veins and esophageal varices
[40]. The resulting portal hypertension leads to
splanchnic vasodilatation that increases hepatic
venous blood flow. Systemic vascular resistance
is decreased and eventually there is a marked ac-
tivation of systemic vasoconstrictor systems that
worsen portal hypertension and favor ascites for-
mation. Hepatocellular function is progressively
impaired and there is decreased function of the
reticuloendothelial system leading to endotox-
inemia and increased risk of bacterial infections
[41]. Eventually, hepatocellular function fails,
leading to severe coagulopathy and hepatic en-
cephalopathy [42]. A profound circulatory dys-
function due to impaired myocardial function
and decreased systemic vascular resistance is
frequently seen. In very late stages of cirrhosis,
renal vasoconstriction develops, leading to the
hepatorenal syndrome [43]. In this phase of the
disease, most patients die unless a liver trans-
plantation is rapidly performed.

Reversibility of Advanced Fibrosis and
Cirrhosis: Clinical Evidence

The reversibility of chronic liver diseases de-
pends on the stage of the disease (Fig. 8.1). Thus,
while advanced fibrosis and early cirrhosis may
be reversible, reversal of advanced cirrhosis may
be hampered by the presence of collagen cross-
linking and avascular areas. Therefore, the cur-
rent paradigm that cirrhosis is reversible should
clearly be tempered. It is unclear if the abnor-
malities of the intrahepatic vasculature regress in
human cirrhotic liver. The so-called veno-portal
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adhesions may persist even in cases of extensive
fibrosis regression, and evident “arterialized”
sinusoids appear in the context of intrahepatic
arterio-venous shunts [44]. A better staging sys-
tem of cirrhosis is clearly needed for prognostic
purposes and to design prospective studies on
cirrhosis reversal.

There are many clinical observations that the
removal of the causative agent leads to improve-
ment of liver fibrosis even in patients with F4
(cirrhosis). This observation has been described
in patients with alcohol-induced liver injury,
chronic hepatitis C, B, and D, secondary biliary
cirrhosis, NASH, and autoimmune hepatitis [11,
45-72] (Table 8.1). Obviously, reversal of ad-
vanced fibrosis is a slow process that may take
months or even years. The time is probably influ-
enced by the underlying cause of the liver disease
and its severity. One of the limiting factors is the
capacity of the chronically damaged liver to re-
absorb scar tissue [73]. In patients with ongoing
liver injury, the fibrosis scar is characterized by
the presence of thin reticulin fibers and inflam-
matory cells. This thin fibrotic bands are prob-
ably fully reversible. In contrast, long standing
fibrosis, which typically contains extensive col-
lagen cross-linking by tissue transglutaminase,
presence of elastin, dense acellular/paucicellular
ECM, and decreased expression and/or activity
of specific metalloproteinases, is largely irrevers-
ible [74, 75]. This scenario is probably present
in patients with very advanced fibrosis after de-

cades of continuous liver injury. Moreover, there
is mounting evidence that long-term fibrogenesis
occurring in humans is much less reversible than
in rodents, so the current optimism about full re-
versibility of cirrhosis should be tempered [76].

Mechanisms Involved in Fibrosis
Resolution

The mechanisms of resolution of advanced fi-
brosis have been largely studied in animal mod-
els, while data from humans are scarce. For
architectural remodeling to occur, the balance
between the factors promoting matrix accumula-
tion (synthesis of matrix by fibrogenic factors)
and remodeling (matrix breakdown mediated
by MMPs) needs to alter, shifting from one that
favors matrix accumulation to one of net ma-
trix degradation [77]. Restoration of fibrolytic
activity is initiated upon suppression of hepatic
TIMPs, following elimination of hepatic myofi-
broblasts by apoptosis, senescence, or reversion
to a quiescent phenotype, suggesting that clear-
ance of activated HSCs is a key step in the onset
of fibrosis regression [78]. Recent studies sug-
gest that among these potential outcomes, deacti-
vation of myofibroblastic HSCs into a quiescent
phenotype is the prevailing event in fibrosis reso-
lution [79, 80]. Moreover, myeloid cell subsets
(“restorative” macrophages and dendritic cells),
which constitute a major source of MMP criti-

Table 8.1 Summary of clinical evidence on cirrhosis reversibility

Hepatitis C Interferon-a.+ribavirin [50, 48, 51]
New oral antivirals [49, 52]
Hepatitis B Lamivudine [53-55]
Tenofovir [56, 57]
Adefovir [56, 58, 59]
Interferon-o/y [60-62]
Entecavir [63, 64]
Hepatitis D Interferon [65, 66]
Alcohol Abstinence [45-47]
NASH Weight loss [72]
Bariatric surgery [69-71]
Biliary obstruction Surgery [11, 67, 68]

NASH nonalcoholic steatohepatitis
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cal for fibrosis resolution, and endothelial cells,
which maintain HSCs in a quiescent phenotype,
have also been identified as contributing to the
resolution of fibrosis (Fig. 8.2).

Increased Collagenolytic Activity

Fibrillar collagens (I and III) are degraded by
interstitial MMPs. During fibrosis resolution,
MMP activity increases due to a rapid decrease
in the expression of TIMP-1. Partial degradation
of fibrillar collagen occurs, and the altered inter-
action between activated HSCs and ECM favors
apoptosis [75]. Removal of activated HSCs by
apoptosis precedes fibrosis resolution. Stimula-
tion of death receptors in activated HSCs and a

decrease in survival factors, including TIMP-1,
can precipitate HSC apoptosis [81]. However,
reversibility may only be partial as regenerating
nodules and alterations of hepatic microcircula-
tion, both associated with advanced fibrosis, are
difficult to revert.

HSC Apoptosis

Follow-up of rats exposed to carbon tetrachloride
for 8 weeks has shown that the recovery phase
is associated with an early decrease in hepatic
TIMP-1 and a parallel decrease in the density of
activated HSCs due to apoptosis. Experiments
in TIMP-1 transgenic mice and with TIMP-1
scavengers demonstrated the causal relation-
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Fig. 8.2 Cellular pathogenesis of fibrosis progression
and resolution. In the normal liver, hepatic stellate cells
(HSCs) display a quiescent phenotype. Continuous liver
injury leads to a wound healing response with the infiltra-
tion of inflammatory cells that secrete a number of solu-
ble factors and cytokines that lead to activation of HSCs
into collagen-producing cells. In turn, activated HSCs
perpetuate liver fibrogenesis and promote inflammation
by secreting a number of profibrogenic mediators. If the
causal agent is removed, fibrosis resolution initiates by

stimulation of collagen degradation and removal of HSCs
(either by apoptosis or by regression to quiescence). There
are different sites during fibrogenesis and fibrosis resolu-
tion that represent potential sites for intervention. Agents
capable of reducing HSCs’ accumulation or collagen syn-
thesis or those that promote collagen degradation and/or
HSCs’ apoptosis have been tested in experimental mod-
els in rodents. The usefulness and safety of most of these
agents to reverse liver fibrosis should be tested in well-
designed clinical trials
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ship between hepatic TIMP-1 expression, failure
of fibrolysis, and increased HSC survival [82].
Further studies identified nuclear factor-kappa B
(NF-«kB) as an important transcription factor in
the upregulation of antiapoptotic genes in acti-
vated HSCs and showed that inhibitors of NF-xB
signaling induce apoptosis of activated HSCs and
reversal of fibrosis [83].

HSC Senescence

Senescent hepatic myofibroblasts may contribute
to the regression of fibrosis because they stop
proliferating, upregulate the expression of matrix
degrading enzymes, and downregulate the ex-
pression of ECM proteins. Moreover, senescent
hepatic myofibroblasts can be cleared by natu-
ral killer cells [84]. Thus, senescence of hepatic
myofibroblasts can prevent further proliferation
of these ECM-producing cells, promote ECM
degradation, and accelerate myofibroblast clear-
ance from the site of injury.

Reversion of HSC Phenotype to an
Inactivated State

Recent cell tracking studies have further docu-
mented earlier in vitro studies showing that ac-
tivated HSCs can undergo deactivation to a qui-
escent phenotype following cessation of liver
injury [79, 80]. However, reverted HSCs do not
reacquire all of the characteristics of quiescent
cells, but rather retain an activated intermediate
state with enhanced susceptibility to a fibrogenic
stimulus. These data raise the intriguing possibil-
ity that reverted HSCs contribute to fibrosis re-
versal but may promote more rapid and severe
fibrosis progression upon recurrence of liver in-

jury.
Scar-Associated Macrophages
Scar tissue contains numerous monocyte-derived

macrophages. These monocyte-derived mac-
rophages are a potent source of MMPs, includ-

ing collagenases such as MMP13, gelatinases
(MMPs 2 and 9) and elastases [85]. Besides these
collagenases, recent data indicate that vascular
endothelial growth factor (VEGF) also plays a
role in fibrosis resolution. VEGF promotes sinu-
soidal permeability, monocyte-endothelial cell
adhesion, and the resulting scar-associated mac-
rophages accumulation necessary for fibrosis
resolution. VEGF does indeed play a dual role
in fibrosis and fibrosis resolution as it has previ-
ously been found to play a role in fibrogenesis
via a pro-inflammatory effect acting primarily on
endothelial cells. Work by a number of groups
has demonstrated that macrophages are crucial to
the resolution of fibrosis [86, 87]. The removal of
the macrophage population at the onset of spon-
taneous fibrosis resolution in rodent models of
liver injury prevents remodeling of fibrosis. Ad-
ditionally, deletion of the macrophage population
is associated with a critical drop in liver levels
of key enzymes such as MMP13 and MMP12,
identifying the macrophage as a crucial source of
these enzymes in fibrosis resolution [88].

Can We Favor Cirrhosis and/or
Advanced Fibrosis Resolution?

While the mechanisms and genetic and environ-
mental factors regulating fibrosis progression are
well characterized, the modulators of fibrosis
reversibility are largely unknown. Clinical and
translational studies should identify the main
cellular and molecular mechanisms that mediate
cirrhosis reversibility. These studies will lead to
the identification of potential therapeutic targets
to favor disease reversibility. As discussed ear-
lier, regression of advanced fibrosis even at the
stage of early cirrhosis can be achieved following
treatment of the underlying cause in a variety
of chronic liver diseases. However, despite the
identification of numerous effective antifibrotic
pharmacological targets in experimental mod-
els, no clinical translation has yet been achieved.
This lack of translation may be due to the fact
that fibrosis progression is very slow in humans
and therefore long clinical trials (i.e., 3-5 years)
are required to demonstrate antifibrotic effects.
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Moreover, there is a clear need for noninvasive
markers of fibrosis progression/regression, which
may allow precise monitoring of the evolution of
fibrosis. Altogether, therapeutic trials primarily
focused on antifibrotic endpoints remain scarce
and have thus far failed to demonstrate any ben-
efit. The pathways and drivers mediating fibrosis
resolution are complex and may differ at differ-
ent stages of cirrhosis. An additional obstacle
is that patients with advanced fibrosis and/or
cirrhosis are particularly susceptible to develop
hepatotoxic effects, as well as liver cancer, which
is a concern to develop long-term clinical trials.

Several therapeutic strategies have been tested
to reduce liver fibrosis in patients with chronic
liver diseases. Corticosteroids exert antifibro-
genic actions in autoimmune hepatitis and acute
alcoholic hepatitis [89]. Other anti-inflammatory
therapies like colchicine or interleukin-10 have
been tested but they induced undesirable side ef-
fects. A different strategy targets activation and
proliferation of HSCs. These strategies include
antioxidants (e.g., vitamin E, silimarin, phos-
phatidylcholine, S-adenosil-metionin) as well as
modulators of intracellular pathways of HSCs bi-
ological responses [90, 91]. A promising strategy
is to inhibit the renin—angiotensin system inhibi-
tion, specifically by using angiotensin II receptor
type 1 antagonists (AT1) [92]. These strategies
have been successful for the treatment of cardiac
fibrosis as well as renal fibrosis. Administration
of inhibitors of the renin—angiotensin system to
treat arterial hypertension in transplanted patients
showed a slower progression of hepatic fibro-
genesis. Conversely, administration of losartan
for 18 months showed that it is well tolerated in
chronic hepatitis C patients while diminishing fi-
brogenic gene expression [93].

The use of different therapeutic strategies may
differ according to the etiology of the liver dis-
ease. In patients with hepatitis C, therapy with
interferon-y and ribavirin induces antifibrogenic
effects regardless of their antiviral action [51].
However, interferon-y has important side effects
[94]. The recent development of highly active
oral therapies against HCV opens a new era in
the field of fibrosis resolution. These drugs are
well tolerated, suggesting that even patients with

advanced cirrhosis would clear the viral infection
in the coming years. Studies identifying key me-
diators of cirrhosis reversibility are anticipated in
the coming years. Such studies can help in the
identification of new targeted therapies that favor
fibrosis reversibility. Regarding patients with
NASH, therapies increasing insulin sensitivity
(e.g., thiazolidinediones and statins) have been
shown to decrease the degree of fibrosis [95, 96].
Other therapies that are effective in experimental
NASH include profibrogenic cytokines inhibitors
(TGFB1, platelet-derived growth factor(PDGF))
[97-99], chemokine receptors antagonists [88],
interleukin-10 [100, 101], and cannabinoid re-
ceptor blockers [102]. However, their use in hu-
mans is hampered by undesirable side effects.
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