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Abstract

Inflammation is commonly observed in liver diseases and is fre-
quently complicated by fibrosis and cirrhosis in end-stage disease.
The only curative treatment for cirrhotic patients is liver trans-
plantation. However, organ shortage as well as an increasing organ
demand call for early treatment of liver disease and prevention of
fibrosis. Experimental data have shown the critical role of pro-inf-
lammatory cytokines like tumor necrosis factor-alpha (TNF-a)
and interferon-gamma (IFN-g) in the development of liver injury.
Here, we review our work on the role of endogenously produced
interleukin-10 (IL-10), a potent anti-inflammatory cytokine, in
several experimental models of acute and chronic liver injury.
First, in acute macrophage-mediated hepatitis induced by galacto-
samine/lipopolysaccharide administration, IL-10 neutralisation
led to a more severe liver damage, whereas IL-10 injection, even
delayed, was able to limit liver necrosis. A similar protective effect
of IL-10 was observed in acute T cell-mediated hepatitis induced
by concanavalin A (Con A) injection. The immunoregulatory role
of IL-10 was then established after repeated exposition to Con A.
In carbon tetrachloride liver injury, two other properties of IL-10
have been suggested : modulation of hepatocyte proliferation and
modulation of liver fibrosis. Finally, the potential therapeutic
applications in human liver disease as well as the potential side
effects are discussed. (Acta gastroenterol. belg., 2003, 66, 7-14).
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Introduction

For more than a decade, experimental data from ani-
mal models and clinical data from patients have sugge-
sted that pro-inflammatory cytokines are involved in the
development of liver injury. One of these mediators,
TNF-a, induced toxic side effects when used as an anti-
cancerous agent, and produced a rise in serum bilirubin
and transaminases, indicating a direct cytotoxic role of
TNF-a on hepatocytes (1). Since then, experimental data
have established the critical role of TNF-a in inducing
hepatocyte cell death in many models of liver injury.
Among other cytokines, the role of IFN-g was demon-
strated in fulminant hepatitis in transgenic mice expres-
sing the hepatitis B surface antigen in a constitutive
manner (2), and in IFN-g transgenic mice which develop
a chronic hepatitis after a few weeks (3). In humans, an
increased expression of IFN-g is observed in autoimmu-
ne, viral and in liver allograft rejection (4-6).

Interleukin-10 (IL-10) was initially discovered in
1989, as a cytokine synthesis inhibitory factor for T
lymphocytes (7). Studies later showed that IL-10 deeply
inhibits many macrophage functions, including cytokine
and NO production and the expression of costimulatory

molecules produced by macrophages and lymphocytes,
and limits the proliferation of lymphocytes (8). Since
then, numerous studies have shown that IL-10 is produ-
ced by other cells of the immune system, but also by
various cell types in other organs, including the liver.
Within the liver, production of IL-10 has been docu-
mented within hepatocytes, sinusoidal endothelial cells,
Kupffer cells, stellate cells and liver-associated lympho-
cytes (9). Being exposed to bacterial endotoxin (lipopo-
lysaccharide, LPS) flowing in the liver through the por-
tal circulation, Kupffer cells express IL-10 in physiolo-
gical LPS concentrations, avoiding a perpetual liver inf-
lammation (10,11). Like other cytokines, IL-10 is plei-
otropic : it has multiple effects on diverse cell types ; it
is also redundant by having similar properties like other
cytokines, although there is no homology of structure or
sequence between these cytokines. One of the most
important properties of IL-10 is an anti-inflammatory
inhibitory action which will restrain and limit the immu-
ne response under various stimuli, which would other-
wise pursue with deleterious consequences for the indi-
vidual. Evidence of in vivo function of IL-10 indicated
that in the absence of IL-10 (in genetically IL-10 defi-
cient animals), an exaggerated inflammatory response
can lead to inflammatory states like inflammatory bowel
disease (12,13).

The interest of our laboratory for IL-10 began 10
years ago in the context of liver diseases. After the detec-
tion of IL-10 in several human hepatic disorders like
reperfusion of a transplanted liver or unbalanced
production in alcoholic cirrhosis (14,15), we undertook
studies to investigate the role played by this cytokine
in vivo .

Role of IL-10 in acute liver injury

It has been hypothesised that in acute or fulminant
hepatitis in humans, an overproduction of pro-inflam-
matory cytokines often precludes deleterious effects.
Indeed, increased TNF-a, IL-1 and IL-6 serum levels
have been detected in fulminant liver failure, persistent
high levels being associated with a bad prognosis (16).
Moreover, an imbalance between pro-inflammatory, like
IL-1, and anti-inflammatory cytokines, like IL-1 recep-
tor antagonist, was demonstrated in patients who will
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die, suggesting a defective anti-inflammatory response
in this situation (17). Concerning IL-10, elevated levels
of IL-10 were detected in the serum of patients presen-
ting fulminant liver failure, and were significantly hig-
her in surviving cases (18). A massive induction of pro-
inflammatory cytokines in patients with fulminant hepa-
titis was also demonstrated in the hepatic tissue, and was
apparently not counterbalanced by an induction of IL-10
expression (19). Beside increased TNF-a serum levels
and a mononuclear liver infiltrate expressing TNF-a, an
increased expression of the TNF receptor type 1 was
demonstrated on the surface of hepatocytes in cases of
fulminant hepatitis (16). The interaction between TNF-a
and its type 1 receptor is a major pathway of cell death
in hepatocytes, and we can thus speculate that the bloc-
kade of this pathway might be of therapeutic interest
(20-23). Finally, costimulatory molecules on hepatocy-
tes and their respective ligands on T cells seem to be also
overexpressed in this dramatic clinical situation (24). It
must be noted, however, that raised serum levels of cyto-
kines in liver failure cases might be also the consequen-
ce of an impaired liver metabolism, the liver being an
important organ for the elimination of cytokines (25).

Like in cirrhosis, infections and endotoxemia are
common complications in fulminant hepatitis, probably
partly due to a defective function of the scavenger func-
tion of Kupffer cells and sinusoidal endothelial cells
(26-28). Bacterial LPS can then activate peripheral
macrophages/monocytes, and in that circumstance, an
imbalance between the burst of immune activation and
the anti-inflammatory response will lead to catastrophic
consequences. The filter function of the liver downstre-
am of the gut puts liver sinusoids and Kupffer cells in
contact with bacterial endotoxins which would be conti-
nuously activated, in the absence of an anti-inflammato-
ry defence, with deleterious effects. IL-10, produced
locally in hepatic sinusoids by Kupffer cells, is a natur-
al anti-inflammatory mediator acting on sinusoidal cells
in a paracrine fashion, or peripherally in an endocrine
fashion (10,11).

The overactivation of the pro-inflammatory cascade
and a potentially defective anti-inflammatory response
in fulminant hepatitis compelled us to investigate the
production and the role of IL-10 in two animal models
of acute hepatitis (29,30). In the first model, mice were
injected with galactosamine, an inhibitor of hepatocyte
transcription, which sensitizes hepatocytes to normally
innocuous doses of LPS. After Gal/LPS injection, mice
develop in a few hours an acute and potentially fatal
liver necrosis whose histology resembles acute liver
injuries in humans. Kupffer cells are activated by LPS to
produce TNF-a, which can induce hepatocyte apoptosis
and further activate other cells of the immune system,
thereby contributing to the propagation of the inflamma-
tory cascade (31,32). Transendothelial migration of neu-
trophils is observed in the liver parenchyma, where these
cells will exert cytotoxicity (33). In this experimental
model of hepatitis, we detected IL-10 very early in the

serum, and after neutralisation of endogenously produ-
ced IL-10 with a monoclonal antibody, we observed
increased TNF-a serum levels and a more severe hepa-
tic necrosis. Conversely, administration of exogenous
recombinant IL-10 prevented the release of TNF-a and
the subsequent liver damage, and a protective effect was
still observed when IL-10 was administered after
Gal/LPS injection, indicating that IL-10 might be of the-
rapeutic value after the peak of secretion of TNF-a and
after the onset of liver injury. Several mechanisms can
explain the protective effect of IL-10 in this acute hepa-
titis : an inhibition of the secretion of TNF-a by Kupffer
cells, an inhibition of the adherence of neutrophils to the
endothelium through the downregulation of adhesion
molecules, and an inhibition of the secretion of toxic
mediators by neutrophils. Others have demonstrated that
an anti-inflammatory response is also important in drug-
induced liver injury, as demonstrated in IL-10 deficient
mice which exhibit a more severe acetaminophen-indu-
ced liver injury (34). A potential clinical use of IL-10
can so be foreseen in human liver failure of various
aetiologies.

Activation of Kupffer cells has been proved to play a
deleterious role in several models of liver injury (35).
Interestingly, Kupffer cells may be activated in other
pathologies with systemic complications. In acute pan-
creatitis for example, TNF-a is produced in several
organs, like the liver (in Kupffer cells). IL-10, produced
among other organs within the liver, will limit the sever-
ity of the pancreatitis in mice (36), and its administration
before ERCP in humans has proven to reduce the sever-
ity of acute pancreatitis complicating this endoscopic
procedure (37). These results show that IL-10 is able to
restrain the inflammatory cascade leading to liver cell
death, and the systemic inflammatory response in situ-
ations where Kupffer cells are activated.

Activated lymphocytes infiltrating portal tracts are
commonly observed in viral or autoimmune hepatitis
(38). In a second model of acute liver injury, we asses-
sed the role of IL-10 in mice challenged with concana-
valin A (Con A), a potent polyclonal activator of T lymp-
hocytes (39). Once injected in vivo, Con A induces an
inflammatory cascade and a cytokine release syndrome,
among which cytokines TNF-a, IL-4, IL-12 and IFN-g
play a critical role in the development of liver injury (40-
43). In this model, we observed that IL-10 is produced
concomitantly with the pro-inflammatory cytokines
(30). The role of endogenous IL-10 was also addressed
by the use of a blocking monoclonal antibody, whose
administration led to increased levels of TNF-a, IL-12
and IFN-g, and to a more severe hepatic necrosis. On the
other hand, administration of recombinant IL-10 in mice
challenged with Con A dramatically reduced the secre-
tion of pro-inflammatory cytokines, the apoptosis of
hepatocytes, the hepatic neutrophilic infiltrate and the
extent of delayed hepatic necrosis. IL-10 dosages on tis-
sue homogenates also suggested that the cytokine was
produced locally in the liver.
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Following a massive liver insult, for example after
partial hepatectomy or liver necrosis, remaining hepato-
cytes proliferate, enabling the liver to regenerate. It has
been established that TNF-a and IL-6 are key cytokines
to trigger hepatocyte proliferation (44). We studied the
role of IL-10 in the phase of tissue reparation following
acute liver necrosis induced by carbon tetrachloride
(CCL4) in IL-10 deficient mice, with a targeted disrup-
tion of the IL-10 gene (12). Our data show that IL-10
restrains the proliferative response of hepatocytes after
liver damage (45). This is in line with previous reports
establishing that the production of IL-10 by Kupffer
cells limits the expression of TNF-a, avoiding an over-
expression that would lead to enhanced proliferation of
hepatocytes (46). Transforming growth factor-beta 1
(TGF-b1), another cytokine able to limit the production
of TNF-a, is produced later than IL-10, and exerts its
inhibitory effects on cell mitosis later. In IL-10 deficient
mice, TGF-b1 secretion is increased after exposition to
CCL4, presumably explaining why the proliferation of
hepatocytes is not sustained after 72 hours. Thus, a com-
plex network of cytokines with redundant effects on the
cell cycle is involved in the control of liver regeneration.

Interleukin-10 and alcoholic liver disease

In alcoholic liver disease, a comparable immune acti-
vation is observed, involving LPS and its macrophage
receptors CD14 and Toll-like-receptor 4 (Tlr4), Kupffer
cell activation and the production of TNF-a (47-50). In
humans, a genetic polymorphism of the CD14 gene and
of the promoter of the TNF-a gene is associated with an
increased susceptibility to alcohol liver injury (51,52).
Interestingly, the biological effects of TNF-a, whose
increased production has been demonstrated in alcoholic
hepatitis (53-55), are often observed in these patients :
fatigue, anorexia, cachexia, low grade fever, hypoalbu-
minemia, jaundice, hepatocyte apoptosis and neutrophil
recruitment to the liver (together with IL-8, leading to
the histological image of satellitosis) .

An excessive pro-inflammatory response might here
also be the consequence of a defective anti-inflammato-
ry response. Indeed, Le Moine et al. suggested that a
defective IL-10 production might explain the excessive
secretion of TNF-a in human alcoholic liver disease
(15). This can be the consequence of a genetic predispo-
sition, since the ability to secrete IL-10 depends on the
genetic composition of the IL-10 locus, some haplotypes
being associated with an increased production of IL-10
in response to LPS (56). In alcoholic hepatitis, the allele
conferring a low production of IL-10 is more frequently
encountered, adding to this hypothesis (57). Beside a
genetic predisposition to produce lower amounts of IL-
10, a blunted response to adenosine, a stimulator of IL-
10 secretion, and an increased activity of adenosine
deaminase was observed in these patients (58). A direct
toxic effect of alcohol on the liver might also explain
lower hepatic levels of IL-10 mRNA, as observed in rats

fed with alcohol (59). Finally, other factors like a stimu-
lation of TNF-a production by macrophages due to IgA
deposits in liver sinusoids (60) and a defective synthesis
of anti-inflammatory acute phase proteins (61) might
also explain this imbalance. In alcoholic hepatitis also,
there is thus evidence that IL-10 might be of therapeutic
value by interfering with TNF-a pathways of hepatocy-
te cell death (Fig. 1).

Interleukin-10 in chronic viral liver injury

In viral hepatitis, expression of TNF-a and IFN-g is
induced, which is beneficial for viral clearance (62-64).
If the infected individual is unable to mount a vigorous
antiviral response, chronic infection will ensue, due to a
genetic predisposition to secrete certain types of cytoki-
nes, and to the viral variability with apparition of
mutants escaping to the immune response (65). Patients
with a strong Th1 response (high levels of TNF-a and
IFN-g) during acute HCV infection will clear the virus,
while patients presenting with a Th2 response (low
levels of TNF-a and IFN-g and high levels of IL-4, IL-5
and IL-10) will evolve to chronicity (66,67). In chronic
hepatitis, intrahepatic clones of lymphocytes continue to
produce TNF-a and IFN-g, whose expression is correla-
ted to the extent of liver damage (5,6). This persistent
silent inflammation, unable to clear the virus or at the
best controlling partially its replication, will pursue
during years, eventually ending in cirrhosis.
Interestingly, some HCV epitopes like the core protein
and the NS3 epitope, can stimulate the production of IL-
10 by CD4 + T cells and stimulate the apparition of
regulatory T cells able to inhibit Th1 cells (68,69). This
might explain why increased serum levels of IL-10 are
often observed in chronic HCV infection, highest levels
being associated to a less favourable response to interfe-
ron treatment (70). Here also, the genetic profile of
patients can help to predict the response to treatment :
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Fig. 1. — Potential targets of IL-10 in acute liver injury. IL-10
inhibits (red bars) several pathways of the inflammatory cas-
cade leading to hepatocyte apoptosis. Abbreviations : KC :
Kupffer cells, ROS reactive oxygen species, T : T lymphocyte.
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patients with the haplotype conferring a high production
of IL-10 have a lower rate of response to interferon the-
rapy in chronic HCV infection (71,72). In hepatitis B,
patients having the haplotype conferring a high produc-
tion of IL-10 develop a chronic progressive liver disea-
se, while patients with a lower production of IL-10 tend
to be asymptomatic carriers. (73). This cytokinic profile
with a high IL-10 secretion might also be viewed as a
state of tolerance (see infra), regulatory T cells develo-
ped in a state of continuous antigenic exposition limiting
an excessive immune response. In the optic of cytokine
modulation as a treatment for chronic viral hepatitis, two
ways are possible. The first aims to boost the Th1 immu-
ne response to mount an effective viral clearance. IFN-a
and ribavirin act partly through that mechanism (74,75).
IL-12, a potent cytokine for the induction of a Th1
response, has been used in clinical trials, nevertheless
with disappointing results (76). The second way, if a
viral clearance cannot be obtained as a primary end-
point, is to limit the futile intrahepatic inflammation and
to prevent fibrosis. For this purpose, IL-10 has been tried
in patients with chronic HCV hepatitis who did not
respond to interferon therapy (77). After 12 weeks of tre-
atment, histological scores of liver fibrosis and inflam-
mation, as well as serum transaminases, were signifi-
cantly reduced in the group treated with IL-10.
Predictably, the viral load was not modified by IL-10
treatment. ALT and AST serum levels returned to basal
levels after cessation of treatment. An interesting featu-
re was a decrease in serum TNF-a levels in these
patients, while systemic manifestations of chronic HCV
infection (myalgias, arthralgias, fatigue) were improved
under IL-10 treatment, suggesting that pro-inflammato-
ry cytokines secreted in periphery might be involved in
these symptoms. Prolonged treatment with IL-10 during
one year in a larger group of patients did however not
confirm the enthusiastic antifibrogenic results, and at the
end of treatment, viral load was even three times higher,
when compared to levels before treatment (78).

Role of interleukin-10 in liver fibrogenesis

Hepatic stellate cells are centrally involved in liver
fibrogenesis. Activation of these cells after liver injury
depends on many soluble factors like cytokines and che-
mokines (79). In vitro experiments on fibroblasts have
shown that these cells express the IL-10 receptor and
that IL-10 can modulate the remodelling of the extracel-
lular matrix. Liver stellate cells also express IL-10
receptor (80) and produce IL-10, which inhibits collagen
synthesis and stimulates collagenase secretion by these
cells (81,82). Wang et al. also showed that after bile duct
ligation in the rat, which induces liver fibrosis, IL-10 is
strongly expressed on stellate cells (81). These observa-
tions prompted us to investigate the role of IL-10 in liver
fibrogenesis in vivo (45). Carbon tetrachloride induces
acute as well as chronic liver injury when exposition to
the toxic is repeated. Hepatotoxicity involves in a first

step the production of highly reactive oxygen species,
and in a second step an inflammatory response which
both lead to centrilobular necrosis. Chronic exposition in
the animal induces liver fibrosis and cirrhosis. Here, the
role of IL-10 was assessed by the use of IL-10 deficient
mice. If acute liver necrosis after a single exposition to
CCL4 was not modified by the presence of IL-10, we
showed that IL-10 controls the neutrophilic infiltrate in
the liver through the control of TNF-a secretion.
Moreover, after 7 weeks of repeated exposition to
CCL4, IL-10 deficient animals had a persistent incre-
ased inflammatory infiltrate, and developed a more
extensive fibrosis than the animals able to synthesise IL-
10, indicating that IL-10 is involved in the control of
fibrogenesis. Beside a direct effect on the production of
collagen and collagenases by stellate cells, IL-10 might
indirectly limit the fibrogenic response by a control of
TGF-b1 secretion, and a dampening of the inflammato-
ry response (Fig. 2). Indeed, inflammation and fibroge-
nesis are often linked, and stimulate each other in a
vicious circle : activated stellate cells produce chemoki-
nes which will attract neutrophils and macrophages but
also stellate cells themselves. In turn, activated inflam-
matory cells secrete reactive oxygen species which acti-
vate stellate cells (83-87).

Other experimental studies have indicated that IL-10
is not always anti-fibrogenic in the liver or the lung,
depending on the fibrogenic stimulus and on the type of
immune response (Th1 or Th2 type). Indeed, Th1 cyto-
kines like IFN-g are rather anti-fibrogenic, while Th2
cytokines like IL-4, IL-5 or IL-13 are pro-fibrogenic
(88-91). As mentioned above, antifibrogenic effects in
human chronic hepatitis due to HCV infection were
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Fig. 2. — Possible mechanisms explaining the antifibrogenic
properties of IL-10. // :inhibitory effect of IL-10 ; + : stimula-
tory effect of IL-10. Abbreviations : KC : Kupffer cells, ROS
reactive oxygen species, T : HSC : hepatic stellate cell.
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disappointing, after initial enthusiasm following a small
pilot trial (77,78). At the present time, IL-10 can thus
certainly not be proposed as a magic antifibrogenic
bullet (92).

Interleukin-10 as a regulatory cytokine : impli-
cations for tolerance

It has become evident that IL-10 plays a role in anti-
gen tolerance by inducing T cell anergy, through the
blockade of costimulatory signals, and by the develop-
ment of regulatory T cells (93-96). In the liver, IL-10
limits T cell activation by inhibiting antigen presentation
and the costimulatory activity of sinusoidal endothelial
cells (97). Interestingly, these cells can induce antigen-
specific T cell tolerance, which is certainly mandatory,
regarding the number of soluble food antigens that are
absorbed in the gut and enter the circulation via the por-
tal vein (98). Oral antigens also generate regulatory T
cells in the liver, secreting IL-4, IL-10 and TGF-b1, and
suppressing other T cells, as recently demonstrated (99).

We evaluated the effect of a repeated exposition to
Con A in mice (100). This repeated T cell stimulation
led rapidly to a modified profile of cytokine secretion :
the polyclonal T cell profile was replaced after 3 injec-
tions of Con A by a dramatic increase in IL-10 secretion,
while serum levels of TNF-a, IL-2 and IFN-g were
rapidly almost abolished. The increased production of
IL-10 was responsible for the decrease in the secretion
in the other cytokines : this is a regulatory mechanism
which avoids a deleterious and potently lethal massive
activation of the immune system : large areas of liver
necrosis, observed after the first injection of Con A,
were no more observed when exposition to Con A was
repeated. TGF-b1 was also increasingly expressed in
the liver, together with an accumulation of stellate cells
and the apparition of liver fibrosis within the sinusoids.
TGF-b1 is a major cytokine involved in liver fibrogene-
sis, is also involved in oral tolerance and produced
by regulatory T cells (95). In our model of repeated
injections of Con A, CD4+ lymphocytes were seeming-
ly the cellular source of IL-10, as attested by cellular
depletion experiments. It is thus tempting to postulate
that regulatory T cells have developed, producing high
levels of IL-10 and TGF-b1. It remains to investigate if
these cells, by their production of TGF-b1, are involved
in liver fibrogenesis. In human chronic viral injury also,
as HCV proteins induce the development of regulatory
T cells (69), these cells could be linked to fibrogenesis.
If massive inflammation and subsequent liver necrosis is
no more observed after each additive exposition to Con
A, a silent hepatic inflammation persists, with an infilt-
rate surrounding portal tracts and central veins. This
mild persistent inflammation could be due to IL-10, as
this cytokine has also immunostimulatory effects. This
is probably the price to pay to avoid a catastrophic
immune activation as seen after a single injection of Con
A in naive animals.

IL-10 potential side effects

The anti-inflammatory properties of IL-10 have led to
clinical studies in human inflammatory and autoimmune
pathologies. First, IL-10, administered subcutaneously
or intravenously, is well tolerated without serious side
effects. In a chronic setting, daily subcutaneous injection
of IL-10 led to a moderate anaemia (77). By its immu-
nosuppressive activity and the inhibition of bactericidal
activity, IL-10 might increase the susceptibility to infec-
tions (101). Beside its anti-inflammatory and immuno-
suppressive properties, one has to keep in mind that IL-
10 has also immunostimulatory properties due to its iso-
leucine in position 87 of the protein (102). IL-10 stimu-
lates the recruitment, the proliferation and the cytotoxic
activity of CD8+ and NK cells, the proliferation of mast
cells and B lymphocytes, and the secretion of immuno-
globulins by B cells (8). These immunostimulatory
effects have interesting applications, for example the
stimulation of an immune response against tumours
(103). However, IL-10 was implicated in the pathogene-
sis of autoimmune disorders like systemic lupus erythe-
matosus (104), and its use might precipitate an autoim-
mune disorder or precipitate graft rejection in transplan-
ted patients (105). The time of administration, the way
of administration and the dosage are probably critical to
determine the response to this cytokine, the therapeutic
interval being narrow, with side effects at higher dosages
(106-108). In chronic HCV infection also, the increased
peripheral production of IL-10 might lead to B cell
proliferation and be responsible of autoimmune compli-
cations observed in these patients : auto-antibodies,
cryoglobulinemia and lymphoma.

A cytokine can have multiple effects, depending on
the cellular target and the tissue. The inhibition of cer-
tain factors involved in cell reparation or cell prolifera-
tion by IL-10 (TNF-a, IL-6, NFkB) could be disadvan-
tageous in some situations, like liver regeneration.
Finally, the future might be to target the delivery of
cytokines locally in a tissue to avoid systemic side
effects and a low biodisponibility. For example, IL-10
can be produced by transgenic bacteria in the gut (109)
or by regulatory T cells that will home in the
gut (110,111), which may be useful in the treatment of
inflammatory bowel disease. In the liver, IL-10 was deli-
vered locally with an adenovirus (112). By this more tar-
geted approach, anti-inflammatory cytokines might have
a future in the treatment of liver injury and the preven-
tion of its complications.
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