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Abstract
Interleukins play very important role in renal, cardiac and liver functions. Among 37 interleukins
identified so far, Interleukins 1, 5, 6, 8, 10, 12, 15, 17, 18 & 22 and their associated receptors are linked
to majority of the above three organ functions. This review article highlight the recent research findings
during the last three decades in this filed. The contents of this review article will certainly make
awareness for researchers to select the appropriate interleukin assay for the diagnosis and monitoring
prognosis after treatment in diseases linked to renal, cardiac and liver functions.
Keywords: Interleukins, CKD, Liver diseases, Cardiac diseases.

1. Introduction
Interleukins are a group of cytokines first expressed by leukocytes and they play a prominent
role as immune modulators. They modulates immune response and direct immune cells to the
site of inflammations. Infections produces inflammations which in turn produces interleukins
by leukocytes. The number of interleukins identified so far numbering 37 plays significant
roles in many inflammatory processes. The research findings during the last two decades on
the role of interleukins in renal, cardiac and liver diseases have been summarised in this review
article.
2. Interleukins and Renal Diseases
IL-1 is unlikely to be beneficial in the recovery of renal function after ischemia and may play a
deleterious role [1]. Renal fibrosis is a common pathway leading to kidney failure. Infiltrating
immunocytes in the end stage renal diseases (ESRD) and several related factors are involved in
renal fibrogenesis. Although the B-cell count was increased ESRD, immunostaining patterns
disclosed a marked increase in the number of CD3 (+) cells. The remarkable increase in IL-1
and IL-6 levels suggests that T cells in the kidneys of dogs with ESRD spontaneously express
these cytokines. T lymphocytes and IL-6 play important roles in renal fibrosis [2]. Risk of
cardiovascular diseases (CVD) is significantly elevated in patients with chronic kidney disease
(CKD); however, this increased risk is only partially explained by traditional cardiovascular
risk factors. Patients with CKD exhibit chronic inflammation, a key mechanism contributing to
vascular dysfunction. [3] IL‐6, the major mediator of the acute‐phase response, is elevated in
the plasma of ESRD patients and is a strong predictor of outcome. A number of factors
prevalent in patients with ESRD, such as hypertension, adiposity, insulin resistance, fluid
overload and persistent infections, could all be associated with elevated IL‐6 levels. Factors
associated with the dialysis procedure, such as bio incompatibility of dialyser membranes and
dialysis solutions, may stimulate IL‐6 production. The clinical consequences of elevated IL‐6
levels and strategies to reduce IL‐6 levels should be further evaluated to confirm the
importance of this cytokine as a central regulator of the inflammatory response in ESRD [4].
In a multiple regression analysis serum creatinine was the sole identified determinant of IL‐6
levels in a group of pre‐dialysis and dialysis patients. One explanation for these findings might
be the impairment of renal clearance or inactivation of IL‐6. Indeed, ESRD patients have lower
urinary IL‐6 receptor excretion than controls [5]. Links between the IL‐6 system and the
residual renal function, shows an association between sIL‐6R and the progression rate of renal
function in the pre‐dialysis phase, as well as an association between changes in glomerular
filtration rate and changes in IL‐6 during peritoneal dialysis (PD) treatment [6]. IL-6 has
become a major target for clinical intervention in various autoimmune conditions and drugs
including the humanized anti-IL-6 receptor (IL-6R) antibody Tocilizumab emphasize the
clinical importance of IL-6 in driving disease and poor patient outcomes [7].
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Genetic deletion of IL-6 significantly reduced hypertension
independent of liver dysfunction and inflammation. SIL-2R is
and key features of CKD, including renal injury and
elevated in patients with liver diseases and cirrhosis, is
progression to renal fibrosis in angiotensin II–infused mice.
associated with circulating inflammatory cells and is increased
Both mouse and human studies reported provide evidence that
in concomitant renal failure. SIL-2R might be a potential
angiotensin II induces IL-6 production in the kidney, and that,
marker for immune cell activation in Chronic Liver diseases
in addition to its role in hypertension, increased IL-6 may play
(CLD), especially for proinflammatory and profibrogenic nonan important pathogenic role in CKD by inducing fibrotic and
classical CD14 + CD16+ monocytes [19]. With decreasing renal
Endothelin genes expression. These findings suggest that IL-6
function, the concentrations of Interleukin 18 Binding protein
signaling is a novel therapeutic target to manage this
(IL-18BP) in the circulation are elevated as compared with
devastating disorder affecting millions worldwide [8].
subjects with a normal renal function, and these elevated levels
In patients on dialysis with cuprophane membranes, the
may result in a decreased IL-18 activity. Because of the
synthesis and release of sgp130 “antagonistic” receptor is
importance of IL-18 and Interferon –α (INF-α) in the Th1
significantly increased. This release is seemingly due to a
response, of IL-18 and IL-18BP are associated with
shedding of membrane-bound gp130 receptor. The increased
immunosuppression with chronic renal failure [20]. IL-15 lower
sgp130 release may partially counteract the inflammatory
the apoptotic rate in cisplatin-treated cultured respiratory
effects caused by IL-6 [9]. A reduced kidney function may
epithelial cells and IL-15R-α renal cells exhibited a higher rate
contribute to the increased Soluble interleukin – 2 receptor
of cisplatin-induced apoptosis. Further, IL-15 levels negatively
(SIL-2R) levels seen in different immune diseases. Therefore,
correlated with urea of cisplatin-treated mice, suggesting a
renal function should be taken into account in the
decline in renal-derived IL-15 and it is detrimental to renal cell
interpretation of elevated plasma concentrations of SIL-2R.[10]
survival and kidney function during pathological stress [21].
No relation was found between serum levels of IL-6 and serum
Suppression of IL-6 and improved iron mobilization reduces
levels of creatinine and complement protein factor D but SILcirculating IL-6 and improves haemoglobin in non2R showed a good correlation to creatinine and therefore IL-6
inflammatory moderate to severe CKD and is associated with
is not dependent upon a reduced kidney function.[11] IL-2
changes in circulating transferrin saturation and ferritin,
induces an increase in vascular permeability causing the
suggesting an improved iron release. It is hypothesized that
development of edema, sodium avidity, and prerenal azotemia
pentoxifylline improves iron disposition, possibly through
as occurs during endotoxemia. IL-2 therapy induces
modulation of hepcidin [22].
respiratory alkalosis with the subsequent intracellular shift of
Nutritional status in chronic hemodialysis patients is affected,
phosphorous accompanied by increased renal phosphorous
at least in part, by the circulating IL-6 level. Multiple factors,
reabsorptions. There is no evidence of renal tubular acidosis
such as long-term hemodialysis, aging, and the use of a
[RTA], renal leak of glucose, phosphorous, or magnesium. [12]
regenerated cellulose membrane dialyzer was associated with
Serum creatinine values above 1.4 mg/dL predicted the
this increased level of IL-6 [23]. The modulation of the balance
severity of azotemia and prolonged duration of renal
between pro- and anti-inflammatory cytokines towards the
functional recovery and interleukin-2 therapeutic regimens
anti-inflammatory cytokine IL-10 is one salutary mechanism
induce prerenal azotemia. Careful selection of patients and
underlying how atorvastatin influences post-MI remodelling
early detection of adverse physiologic changes may alleviate
and thus improves Left ventricular (LV) function [24].
the side effects of interleukin-2 therapy [13].
The feedback mechanism of IL-10 for reducing monokine
IL-2 nephrotoxicity may result from an intrarenal defect in
synthesis seems to be intact in hemodialysis patients. The
addition to the previously described pre renal azotemia.
secretion of IL-10 might be regarded as a compensatory
Radionuclide studies of renal function are a reliable and
mechanism which controls monokine induction by CRF and
reproducible noninvasive method of assessing these changes in
HD treatment. Immunodeficiency patients who are
renal function [14]. Patients who produced low antibody titers
unresponsive to hepatitis B vaccination seem to be unable to
also presented with enhanced IL-2 receptor expression and that
enhance IL-10 synthesis for control of monokine over
an impaired antibody production following hepatitis B
production. This results in higher levels of IL-6 and TNFvaccination and an enhanced IL-2 receptor expression on T
α that might be involved in the pathogenesis of reduced
cells may already be present in early stages of chronic renal
immune defense.[25] Malnutrition is predicted best by hs-CRP
[15]
failure (CRF)
. Intravenous IL-2 therapy causes renal
and IL-6 levels while CVD by IL-6 level; and mortality, by Sclearance perhaps because of saturation of the non-renal
Alb, IL-6, and fetuin A levels, but not by hs-CRP level. This
mechanisms of clearance. The subcutaneous route is certainly
comparative analysis indicates that of these biomarkers, IL-6
preferred if IL-2 is used in anephric patients and in those with
level may be the most reliable predictor of CVD and mortality
impaired renal function, and it may be generally preferred for
in patients with ESRD [26]. The high frequency of Euthyroid
most purposes [16]. Seven tests related to liver function viz
Sick Syndrome (ESS) in patients with Non thyroid illness may
AST, ALT, GGT, LDH, ALP, Direct and Total Bilirubin
be linked to IL-6 and IL-10 alterations. Perturbation of IL-6,
showed increases, but the test results indicated significant
and not IL-10, might be involved in the pathogenesis of ESS
improvement and moved toward the baseline value five days
along with others in CKD [27]. Treatment of patients with IgA
after the end of IL-2 therapy. Serum creatinine and urea
nephropathy with corticosteroids is followed by remission of
returned to normal three days after the cessation of IL-2
proteinuria but still increased urinary IL-6 and Transforming
therapy [17]. Elevated SIL-2R seen in renal failure patients are
Growth Factor–β (TGF-β) excretion. This may be related to an
not due to an increased synthesis by circulating lymphocytes,
ongoing inflammatory process within the kidney, and further
but due to the ability of SIL-2R to bind free interleukin 2--thus
research is required to estimate the value of urinary IL-6 and
making it a potential immunoregulatory molecule and high
TGF-β as markers of activity of the disease [28]. A relationship
serum levels could explain some of the immunologic
between Il-6, TNF-α and Erythropoeitin (EPO) or GFR was
abnormalities observed in acute and chronic liver disease. [18]
not found. The existence of a circadian (mis) alignment of
Renal failure is an important confounder of sIL-2R levels
EPO, IGF-1, IL-6 and TNF-α was not found. The association
~ 55 ~
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between high Insulin like Growth Factor -1 (IGF-1) and low
membrane during HD causes a significant increase in blood
Hb suggests that EPO and IGF-1 have an alternating role,
Norepinephrine NE-α (1) PI and α(1)-PI in adults, but not in
dependent on GFR, in stimulating erythropoiesis. These results
children/young adults. NE-α (1) PI seems to be a much better
could have consequences for the treatment of anemia [29].
indicator of an inflammatory state in CKD patients than free α
Continuous Ventricular Venous Hemodialysis (CVVHD) is
(1)-PI or IL-8 [40]. The human renal tubule epithelial cell may
associated with the extraction of IL-6 and IL-8 from the
actively participate in acute inflammatory processes in the
circulation of patients with septic multiorgan and renal failure.
kidney, including allograft rejection, by effecting and directing
The biological significance of such extraction is undetermined,
leukocyte chemotaxis via the production of IL-8 [41].
but such cytokine removal highlights the complexity of the
Although there was no difference in kidney function, structural
effect of continuous hemofiltration on the soluble mediators of
damage was significantly aggravated in anti-IL-9 treated mice.
inflammation activated during human sepsis [30]. Elevated IL-6
Deceased donor grafts show a substantial IL-9 release upon
values were associated with decreased muscle power, but not
reperfusion in clinical kidney transplantation. However,
with decreased muscle fibre size. Vitamin D deficiency was
inhibition of IL-9 aggravated kidney damage, suggesting a
not associated with muscle power. IL-6 was unchanged by
regulating or minor role of IL-9 in clinical I/R injury [42].
[31]
high-intensity resistance training in dialysis patients.
Human studies reported provide evidence that angiotensin II
3. Interleukins and Cardiac Diseases
induces IL-6 production in the kidney, and that, in addition to
Renal IL-4 production results in matrix accumulation prior to
its role in hypertension, increased IL-6 may play an important
any immunological insult, that increased circulating IL-4/TGFpathogenic role in CKD by inducing fibrotic and endothelin-1
β1 ratios are associated with renal immunopathological
gene expression suggesting that IL-6 signaling is a novel
manifestations and that upregulation of renal TGF-β1
therapeutic target to manage this devastating disorder affecting
expression following glomerular Ig deposition accelerates the
millions worldwide [32]. Plasma IL-6 significantly predicted
sclerosis and exacerbates disease development [43].
overall cardiovascular mortality and this association persisted
Immunomodulation by exogenous IL-4 treatment may lead to
after multiple adjustments or restricting the analysis to prean anti-inflammatory effect by the inhibition of Th1 cell
dialysis patients. Moreover, IL-6 was a significantly better
phenotypic response, which may further mediate the downpredictor of mortality than CRP, albumin or TNF-α. Hence,
regulation of Matrix Metalloproteinase (MMPs). A significant
plasma IL-6 independently predicted overall and
suppression of MMPs may mainly contribute to an
cardiovascular mortality in patients at different stages of
improvement of LV dysfunction in acute murine
chronic kidney disease; however, whether lowering plasma ILcoxsackievirus-B3 (CVB3) induced myocarditis [44].
6 will affect the outcome of chronic kidney disease will
Worsening of fluid overload and congestive heart failure
require more direct evaluation [33]. The clinical recovery from
(CHF) may also contribute to increased IL‐6 as renal function
peritonitis was characterized by a rapid fall in IL-8, IL-6 and
declines. The circulating levels of IL‐6 are increased in
TNF- α in serum and dialysate. Hemodialysis (HD) patients
patients with chronic heart failure and both local and systemic
showed a significant increase in serum levels of IL-8 and also
effects of pro‐inflammatory cytokines may be involved in the
IL-6 and TNF-α compared to normal individuals respectively.
pathogenesis of (CHF) [45]. Increased levels of IL‐6 and hs[34]
.
CRP occurs mainly in patients with decompensated CHF [46].
The profile of T cell subsets of patients with CKD with or
A significant graded relationship between blood pressure and
without HD treatment was similar except for a pronounced
plasma levels of IL‐6 were observed in apparently healthy
shift to Th1 cells in HD patients. IL-7 but not IL-15 plasma
subjects. Various persistent infections, such as Chlamydia
concentrations were lowered in patients with ESRD as
pneumoniae, are associated with atherosclerosis, the
compared to healthy controls [35]. Despite the elevation of Bmechanisms behind this association remain unclear. However,
cell growth, differentiation and survival factors of ESRD
a recent study demonstrated that the acellular components
patients exhibited a diffuse reduction of B-cell sub
of C. pneumoniae are potent stimuli for IL‐6 production [47].
populations. This was associated with the down-regulation of
One mechanism by which chlamydial infection causes
B cell activated factor receptor in transitional B cells. The
atherosclerosis is due an association between serological
latter can, in part, contribute to B-cell lymphopenia by
evidence of persistent chlamydial infection, carotid
promoting resistance to the biological actions of B cell
atherosclerosis and elevated IL‐6 levels in ESRD patients [48].
Activating Factor (BAFF) that is a potent B-cell differentiation
Leptin levels might actually be suppressed during
and survival factor [36]. Patients with detectable levels of the
inflammation. Additionally, increased serum levels of IL‐6
anti-inflammatory cytokine IL-10 in serum had significantly
may be associated with changes in bone remodelling in ESRD
higher concentrations of IL-6 and the soluble TNF-R I and II
patients. Indeed, a recent study shows that calcitriol treatment
in serum as compared to patients in whom IL-10 was not
has an effect on bone remodelling by influencing the levels of
detectable [37]. Carriage of IL-1RN*2 and non carriage of
plasma IL‐6, beyond its suppressive effect on parathyroid
TNF2 allele appear to be poor prognostic factors in patients
hormone [49]. Mitochondria triggering of caspases plays a
suffering from various chronic renal diseases that eventually
central role in ischemia-induced apoptosis intracellular IL-1Rbecomes ESRD [38].
α as a critical mechanism of the cell self-protection against
Patients with peritonitis showed very high serum and
ischemia-induced apoptosis and suggest that this cytokine
Phosphodiesteras (PDE) levels of IL-8, IL-6 and TNF-α. The
plays an important role in the remodeling of heart by
clinical recovery from peritonitis was characterized by a rapid
promoting the survival of cardiomyocytes in the ischemic
fall in IL-8, IL-6 and TNF- α in serum and dialysate. HD
regions [50]. Mature IL-1 β has antiapoptotic activity when
patients showed a significant increase in serum levels of IL-8,
added exogenously before the onset of hypoxia, which is
IL-6 and TNF-α compared to normal individuals. [39] In CKD
caused in part by its ability to downregulate the IL-1 receptor.
patients, neutrophils are highly activated both in the prePro-IL-1 β is a substrate of Interleukin Converting Enzyme
dialyzed period and on regular HD. Contact with the dialysis
~ 56 ~
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(ICE) relevant to cell death, and depending on the temporal
stability. [60] The importance of interleukins in ACS has not
cellular commitment to apoptosis, mature IL-1 β may function
been clearly defined. Data concerning relations between the
as a positive or negative mediator of cell death [51]. There are
levels of serum interleukin-1 β, IL-2, IL -8 and TNF- α in
several pieces of background information that suggest that
patients with unstable angina pectoris (UAP) are lacking. High
cytokines like IL-1 may play a significant role in the
levels of IL-1β, IL-8 and TNF- α in patients with UAP during
pathogenesis of several forms of myocardial dysfunction.
early phase has been observed Proinflammatory cytokines ILAlthough it seems clear that IL-1 is not acting alone under
1β, IL-8 and TNF- α may play an important role in the
circumstances of myocardial injury, but in concert with other
development of atherosclerosis and its complications. [61] CRP
pro-inflammatory molecules and their effectors, IL-1 is
is an inflammatory marker associated with increased
elevated in several cardiac disease states and is produced by
cardiovascular risk. Production of CRP is regulated by1L-1B,
myocardial cells themselves in response to injury. The
IL-1 RA and IL-6. IL-1B is associated with higher CRP levels
alterations in gene expression seen in response IL-1 resemble
in patients with CHD, and this association is significant after
in many ways the phenotype of the failing heart, and the coadjustment for major risk factors. [62] IL-2, IL-8 and sIL-2R
localization of the IL-1 response to that of several previously
take part in pathogenesis of IHD. IL-2 and IL-8 levels are
described negative transcriptional regulators making them
persistently high in angina patients while in patients with acute
potential targets for therapeutic manipulation [52].
myocardial infarction (AMI) they are low. Low concentrations
Blockade of IL-1β signalling with the IL-1 receptor antagonist
of IL-2 in the latter may be attributed to high levels of its
reverses the phenotypes and offers a possible therapeutic
soluble receptor [63]. Persistent inflammation has been
[53]
approach in the management of HF
. IL-1 induces the
proposed to contribute to various stages in the pathogenesis of
release of active IL-18 in the mouse that mediates the LV
cardiovascular disease (CVD). IL-6R signalling propagates
systolic dysfunction but not the induction of IL-6. IL-18
downstream inflammation cascades. Large-scale human
blockade may therefore represent a novel and more targeted
genetic and biomarker data are consistent with a causal
therapeutic approach to treat HF [54]. T-lymphocytes are
association between IL6R-related pathways and CHF [64]. A
present in significant numbers in the atherosclerotic plaque,
high circulating concentration of IL-6 is associated with
but their role in the progression and pathogenesis of coronary
increased risk of CHD. Blockade of the IL6R with a
syndromes remains poorly understood. Mean levels of slL-2R
monoclonal antibody (tocilizumab) licensed for treatment of
were significantly higher in patients with stable angina than in
rheumatoid arthritis reduces systemic and articular
either patients with unstable angina or control patients. Levels
inflammation. Genetic studies in populations could be used
of IL-2 and sIL-2R receptor are significantly elevated in
more widely to help to validate and prioritise novel drug
patients with stable angina, but not in patients with unstable
targets or to repurpose existing agents and targets for new
angina. The contribution of T-lymphocytes to the development
therapeutic uses [65].
of both stable and unstable angina requires further
Activation of cellular immunity is frequent in patients with
investigation [55]. T Lymphocytes are found in large numbers
idiopathic dilated cardiomyopathy and may have functional
in human atherosclerotic plaques, indicating that immune and
consequences. T-lymphocyte activation, as reflected in
inflammatory mechanisms are important factors in the
elevated sIL-2R levels, is frequent in patients with dilated
pathogenesis of atherosclerosis. Patients with IHD have an
cardiomyopathy and is associated with more severe disease.
increase in circulating cytotoxic T lymphocytes and in IL-2
Cellular and humoral immune activation may correlate with
plasma levels, irrespective of their clinical presentation,
progression of the disease process [66]. The decline in urinary
compared to normal control subjects, whereas IL-6 is elevated
output and sodium excretion during recombinant (rIL-2) was
only in patients with Acute Ischemic Stroke [56].
promptly counteracted by dopamine and after withdrawal of
Long-term IL-6 levels are associated with CHD risk about as
rIL-2 and dopamine, plasma protein levels were normalized.
strongly as are some major established risk factors, but
rIL-2- induced ARF in cancer patients is due to renal
causality remains uncertain, suggesting the potential relevance
hypoperfusion mainly caused by a reduction in oncotic
of IL-6–mediated pathways to CHD [57]. There is mounting
pressure [67]. There is a direct toxic interference of the
evidence that inflammation plays a role in the development of
interleukins and TNF- α with the contractile function of
coronary heart disease (CHD). Observations have been made
cultured cardiac myocytes [68]. The depression of myocardial
linking the presence of infections in the vessel wall with
function by IL-l β plus TNF- α is mediated, at least in part, by
atherosclerosis, and epidemiological data also implicate
induction of Ca2+-independent Nitri Oxide synthase activity in
infection in remote sites in the aetiology of CHD. IL-6 is a
the heart [69]. The correlation of increased spontaneous
powerful inducer of the hepatic acute phase response. Elevated
production of IL-3 during this period leads to postulate that ILconcentrations of acute phase reactants, such as CRP are found
3 may be implicated in the activation or clonal expansion of
in patients with acute coronary syndromes (ACS), and predict
suppressor cells, and hence may play a role in graft tolerance
[70]
future risk in apparently healthy subjects. A role for IL-6 in the
. IL-18 might contribute to immune activation and cardiac
pathogenesis of CHD through a combination of autocrine,
dysfunction in CHF [71].
paracrine and endocrine mechanisms [58]. Tonsillar cells from
IL-1 is elevated in several cardiac disease states, IL-1 is
patients with rheumatic heart disease produced significantly
produced by myocardial cells themselves in response to injury,
less IL-1, TNF, IL-2, and Ig than control tonsillar cells. In
The alterations in gene expression seen in response IL-1
contrast, blood mononuclear cell cultures from rheumatic
resemble in many ways the phenotype of the failing heart, and
children produced more TNF and IL-2 than controls
co-localization of the IL-1 response to that of several
suggesting that abnormal regulation of cytokine and Ig
previously described negative transcriptional regulators
production may contribute to the pathogenesis of acute
(making them potential targets for therapeutic manipulation).
[72]
rheumatic fever and rheumatic heart disease [59]. Serum levels
. Interleukin-18 plays a role in modulation of cardiac
of certain inflammatory markers may have some diagnostic
fibroblast function and may be an important component of the
value for ACS, and can be a useful marker reflecting disease
inflammation-fibrosis cascade during pathological myocardial
~ 57 ~
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remodeling [73]. Elevated IL-18 levels have been observed in
phosphorylation and it may enhance expression of other
cardiac tissue and circulation after myocardial I/R and sepsis.
inflammatory cytokines. The differential effects of IL-6
The possible cellular and molecular mechanisms concerning
deficiency on the cardiac function in young and aging mice
IL-18-induced myocardial injury include induction of
cannot be explained by cytokine gene expression alone, and
inflammation, increased apoptosis, a cardiac hypertrophy
require further studies [85]. TNF and interleukin-6 also delayed
effect, modulation of mitogen activated protein kinase
the diastolic calcium reuptake and decay in cardiomyocytes.
activation, and changes in intracellular calcium. [74] Treatment
Through down regulation of SERCA2 gene expression,
of myocardial infarction with stem cells and IL-10 gene
inflammatory cytokines may cause cardiac diastolic
transfer significantly improved stem cell retention and
dysfunction by decreasing diastolic calcium reuptake. Novel
ultimately improved overall cardiac function [75]. Treatment
therapeutic strategies for diastolic heart failure and critically ill
with recombinant human interleukin -10 (rhIL-10)
patients by modulating inflammatory reactions [86]. IL-6 and
significantly improved post-MI LV function. This effect was
TNF-α levels increase after AMI in humans. Experimental
associated with a significant decrease in pro-inflammatory
data suggest that these cytokines regulate the initiation of scar
cytokine and chemokine levels (TNF-alpha, IL-6, MCP-1) and
formation after AMI. IL-6 may regulate collagen formation
furthermore resulted in a reduced myocardial infiltration of
and thus remodeling of the left ventricle after AMI. In
macrophages [76]. Correlative analysis showed that high IL-17
addition, TNF- α measurement is not very useful in the
expression was associated with better cardiac function, as
assessment of infarct size or left ventricular function during
determined by LV ejection fraction and diastolic diameter
the immediate post-infarction period [87].
values. Therefore, IL-17 expression can be a protective factor
There was an increase in cardiomyocyte TNF-α after burn plus
to prevent myocardial damage in human Chagas disease [77].
sepsis, along with cardiac contractile dysfunction,
Either IL-1β or TNF- α produced greater cardiac defects than
inflammation, and apoptosis. These changes were attenuated in
IL-6 when added separately to Langendorff-perfused hearts;
the IL-6 Knock out the group, but accentuated in the Trangene
dysfunction was maximal with combined cytokine challenge
group, suggesting myocardial IL-6 mediates cardiac
(IL-1beta, TNF-α plus IL-6), confirming that burn trauma
inflammation and contractile dysfunction after burn plus sepsis
[88]
upregulates
inflammatory
cytokine
secretion
by
. Right ventricular IL6 mRNA levels correlated inversely
cardiomyocytes and suggest that these inflammatory cytokines
with cardiac index. IL6 R expression did not correlate with
act in concert to produce burn-mediated cardiac contractile
hemodynamic data. In advanced HF, cardiac IL6/IL6R mRNA
dysfunction [78].
expression is increased and may play a role in the
Among dyspnea patients with and without acute HF,
pathophysiology of advanced HD [89]. TNF-α, leukocytes, and
Somatostatin receptor (sST2) concentrations are associated
CRP were not increased in these patients. Immediately after
with prevalent cardiac abnormalities on echocardiography, a
surgery blood glucose was significantly increased in patients
more decompensated hemodynamic profile and are associated
with infection. Increased IL-6 after Cardio pulmonary bypass
with long-term mortality, independent of echocardiographic,
is predictive of infection in patients with impaired LV function
[90]
clinical, or other biochemical markers of risk [79]. Correlations
. The serum CRP level increased during only the most
were also observed between IL-4 and TNF- α and IL-6. The
advanced phase of CVD. In addition, a high LV mass index
urinary IL-4 level correlated with cardiac fibrosis and
was associated with a high IL-6 level. IL-6 and CRP serum
remodeling in patients with HF. The relationship was stronger
levels could be of prognostic value in assessing Chagas disease
in those with hypertensive cardiomyopathy [80]. Patients with
progression because there are significant correlations between
CHF had higher IL-4 and Procollage III N-terminal peptide
elevated levels and the deterioration of cardiac function [91].
(PIIINP) values than the controls. Patients with hypertensive
Neutrophil chemo attractant/activator IL-8 may contribute to
cardiomyopathy had higher concentrations of IL-4 and PIIINP.
myocyte injury after prolonged hypothermic cardiac ischemia,
This latter finding has also been reported with markers of
as occurs during human cardiac transplantation [92]. The
oxidative stress, a process linked to worsening of patients with
biological effects of IL8 on MI risk may vary over time and
CHF [81]. Since the changes in concentrations of CRP, IL-4,
warrant further cohort studies with repetitive IL-8
and IL-6 in patients with heart failure are dynamic, the
measurements. [93] Soluble form of selectin-P and interleukin-8
distinction between compensated and decompensated state is
may be useful clinical predictors of unstable CHD. The
important when discussing the significance of acute reactive
assessment of the risk for the development of CHD requires
proteins or cytokines in the pathogenesis of HF [82]. IFN- α
further serial investigation [94]. IL-8 and IL-12 are involved in
protects against the development of severe chronic
the process of IHD, and serum IL-12 may be a marker for
myocarditis, pericarditis, and Dilated Cardiomyopathy (DCM)
differentiating AMI from Unstable Angina Pectors (UAP) [95].
after CB3 infection, fibrosis and the profibrotic cytokines
Circulating IL-1 β and TNF-α concentrations were rarely
transforming growth factor-beta(1), IL-1 beta, and IL-4 in the
detectable. Monitoring of IL-6 and IL-8 values during
heart [83].
ventricular assist device will provide a means of early
IL-4 and IL-13 suppress excessive neutrophil recruitment,
identification of high-risk patients that may allow optimization
proinflammatory cytokine production, and hepatic damage
of antimicrobial therapy and selection of the appropriate time
during the acute stage of S. japonicum infection, suggesting
for transplantation [96]. In the major histocompatibility complex
that neutrophils and proinflammatory cytokines are mainly
class II disparate model, heart allografts from IL-9 transgenic
responsible for hepatocyte damage during acute murine
donors were acutely rejected, whereas grafts from wild-type
schistosomiasis japonica. However, neutrophil induction and
donors did not develop rejection. Acute rejection of IL-9
the production of proinflammatory cytokines were not due
transgenic hearts was associated with massive eosinophil
solely to IL-17A [84].
infiltration and prevented by neutralization of either IL-4 or
Aging is associated with changes cytokine gene transcription,
IL-5. IL-9 is critically involved in heart transplant eosinophilia
and burn plus sepsis injury further intensifies such gene
in conjunction with IL-4 and IL-5 [97].
responses. IL-6 deficiency does not abrogate STAT-3
Neurohormonal activation and defective anti-inflammatory
~ 58 ~
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properties are independent predictors of long-term outcome in
hospitalized CHF patients with depressive symptoms [98].
Elevated circulating IL-10 levels in systolic HF patients do not
have a protective counter balancing effect on mortality.
Moreover, patients with elevated IL-10 and TNF-α had
significantly higher mortality, suggesting that the possible
interaction in the complex inflammatory and antiinflammatory network may need further study [99]. IL-6
deletion does not block LV remodeling and dysfunction
induced by pressure overload. Attenuated content of
interleukin 11 appears to be a compensatory mechanism for
IL-6 deletion in pressure-overloaded hearts. Limiting
availability, of IL-6 alone is not sufficient to attenuate LV
remodeling and dysfunction in failing hearts [100]. IL-6 induces
hypertriglyceridemia by stimulating hepatic triglyceride
secretion independent of endogenous catecholamines. Thus,
changes in hepatic triglyceride metabolism are another acute
phase response that can be induced by IL-6 [101]. There was a
significant increase in IL-2 concentration with a significant
decrease in CD8+ cells in patients with active Rheumatoid
Heart Disease RHD in comparison with the non-active group
and an increase in IL-2 and a decrease in CD8+ cells may be
related to rheumatic activity. T helper (CD4+) cells did not
differ significantly between groups [102].

hepatitis B virus infection cannot be attributed to deficient
lymphokine production or to active suppression by monocytes
or prostaglandins and a direct role for the hepatitis B virus or a
viral product is under investigation [110].
The release of IL-2 or the induction of other factors similarly
induced by IL-2 may be responsible for these findings. Tissue
ultrasound and computerized hepatobiliary scans provide
additional noninvasive assessments of liver function and
physiology [111]. Augmented expression of IL-2 in livers of
patients with chronic hepatitis C (CHC) and hepatocytes
represent the principal source of the cytokine in HCV in vivo
infection. Mitochondrial localization of IL-2 suggests a direct
involvement of the cytokine in disturbed function of the
organelles [112]. In patients with poor predictive factors of
response, the addition of IL-2 to IFN ribavirin combination
therapy does not exert a favourable impact on HCV treatment
[113]
. IL-3 may be used as an agent to enhance differentiation of
Bone Marrow Derived Adult Liver Stem Cells (BALSC), both
qualitatively and quantitatively. It is conceivable that stem
cells may undergo IL-3 priming before their clinical
application in cell transplantation or bioartificial liver systems
[114]
. Stem Cells Interleukin Factor-3 (SILF3) functions as a
novel Liver Receptor Hormone-1(LRH-1) co-activator by
acting synergistically with PRMT1 and PGC-1α, thereby
promoting LRH-1-dependent gene expression [115].
There is a close correlation between hepatic IL-8 and
4. Interleukins and Liver Diseases
The anti-fibrotic effects of IL-22 are mediated via the
infiltration with neutrophils. Less dramatic increases in
activation of STAT3 in Hematopoietic Stem Cells (HSC) and
circulating IL-8 are present in abstinent alcoholic cirrhotics
subsequent induction of suppressor of cytokine signaling 3,
and patients admitted for detoxification, suggesting a central
which induces HSC senescence. Taken together, the
role for IL-8 in the neutrophilia and hepatic neutrophil
hepatoprotective, mitogenic, and anti-fibrotic effects of IL-22
infiltrate characteristic of acute alcoholic hepatitis [116].
are beneficial in ameliorating alcoholic liver injury.
Treatment of IL-6-deficient mice with a single preoperative
Importantly, due to the restricted expression of IL-22R1, IL-22
dose of IL-6 returned STAT3 binding, gene expression, and
therapy is expected to have few side effects, thus making ILhepatocyte proliferation to near normal and prevented liver
22 a potential candidate for treatment of ALD [103]. IL-8 is
damage, establishing that IL-6 is a critical component of the
activated in ALD, especially in alcoholic hepatitis, and is
regenerative response [117]. Restitution of normal TPO
closely correlated with liver injury. IL-8 levels can reflect the
production by liver replacement seems to be of key importance
stage and severity of ALD, and may serve as a predictor of
for reversal of thrombocytopenia in liver disease. The early
survival in patients with alcoholic hepatitis. [104]
acting thrombopoietic factor IL-3 and the late acting factors
Overexpression of the IL-18 binding protein, a naturally
IL-6 and IL-11 do not play a major role in recovery of
occurring, specific inhibitor of IL-18, prevents the spontaneous
peripheral platelet count after orthotopic liver transplantation.
[118]
development of atherosclerosis in apolipoprotein E–deficient
Treatment with IL-6 for a short period prevented the
mice. From animal and human studies, one may conclude that
susceptibility of fatty livers to warm ischemia/reperfusion
IL-1β and IL-18 participate in fundamental inflammatory
injury, suggesting the therapeutic potential of IL-6 in treating
processes that increase during the aging process [105].
human fatty liver disease [119].
Local hepatic inflammatory responses inhibit liver cell
Expression of IL-22 receptor 1 is up-regulated whereas IL-22
proliferation and promote liver failure, presumably by
is undetectable in the livers of mice with chronic-binge ethanol
affecting the functional capacity of the remnant liver [106].
feeding or patients with alcoholic hepatitis. Chronic-binge
Engrafted cells and their progeny was incorporated into
ethanol feeding may be a useful model to study the early
injured livers and produced albumin and hence AF-MSCs
stages of alcoholic liver injury. IL-22 treatment could be a
genetically modified to over-express IL-1R-α can be implanted
potential therapeutic option to ameliorate ALD due to its
into the injured liver to provide a novel therapeutic approach
antioxidant, antiapoptotic, anti steatotic, proliferative, and
to the treatment of Fulminant Hepatic Failure (FHF). [107]
antimicrobial effects with the added benefit of potentially few
There is a detrimental effect of systemic IL-2 on liver target
side effects [120]. IL-22 treatment could be a potential
organ infiltration by immune T cells causing, a drop of CD4 or
therapeutic option to ameliorate ALD due to its antioxidant,
CD8 T cells per liver lobule in the Perivascular Epithelial cell
antiapoptotic, anti steatotic, proliferative, and antimicrobial
(PEC) group to <5 in the PEC plus IL-2 group, which
effects with the added benefit of potentially few side effects
[121]
emphasize the importance of a better understanding of IL-2
. Synergistic effect of IL-6 and MSCs seems a favoured
function in vivo and of its interaction with immune cell
therapeutic option in attenuation of liver apoptosis and fibrosis
function to improve protocols for optimal application in the
accompanied by improved liver function [122]. IL-17 receptor
clinic to achieve maximal Graft-versus-Leukemia (GvL)
was expressed in alcoholic liver disease by hepatic stellate
effects [108]. Th1/Th2 type cytokines are changed in association
cells, and these cells recruited neutrophils after IL-17
with progression of CLD type C and in response to therapy.
stimulation in a dose-dependent manner through IL-8 and
[109]
Reduced lymphocyte proliferation in patients with chronic
growth related oncogene α (GRO-α) secretion in vitro. Human
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ALD is characterized by the activation of the IL-17 pathway
injury and death. Elevated IL-6 in certain CLD contributes to
and alcoholic hepatitis, liver infiltration with IL-17-secreting
an increased likelihood of liver failure after injury. [135] Since
cell infiltrates is a key feature that might contribute to liver
IL-5 has been associated with cholestasis liver disease, it may
neutrophil recruitment [123].
contribute to liver injury through its effects on biliary secretion
[136]
IL-10 synthesized during the course of liver inflammation and
. Obesity-driven activation of the IL-17 axis is central to
fibrosis may modulate KC actions, and influence subsequent
the development and progression of Non-Alcoholic Fatty Liver
progression of fibrosis. (124) -627*A allele is associated with
Disease (NAFLD) to steatohepatitis and identify the IL-17
low IL-10 expression which will favour inflammatory,
pathway as a novel therapeutic target in this condition [137].
immune mediated, and profibrotic mechanisms of alcohol
Monocyte-derived macrophages from CLD patients, especially
related liver injury [125]. Localized production of IL-22 in the
the non-classical CD16⁺ subtype, displayed enhanced IL-8
liver promotes hepatocyte survival and proliferation but primes
secretion in vitro. IL-8 is strongly activated in CLD, thus
the liver to be more susceptible to tumor development without
likely contributing to hepatic inflammation. A novel role of
significantly affecting liver inflammation [126]. An association
IL-8 for recruitment and activation of hepatic macrophages via
between levels of GP73 and OSM in serum from patients with
CXCR1 in human liver cirrhosis has been observed. [138] In
liver cirrhosis was observed, but no statistically significant
patients with neonatal hepatitis, IL-8 levels were marginally
correlation in HCC, suggesting that the role of the cytokines in
increased. Serum IL-8 levels were significantly correlated with
determining circulating levels may be complex [127].
the histologic activity index and further studies are needed to
Systematic analysis of serum IL-22 in relation to morbidity
determine the role of IL-8 in portal inflammation, the
and mortality of patients with advanced liver cirrhosis has not
increased production of IL-8 may be a mechanism leading to
been performed so far. In patients with liver cirrhosis, elevated
the progressive portal inflammation and fibrosis in patients
systemic IL-22 levels are predictive for reduced survival
with CLD [139]. IL-8 elevation in patients with acetaminophen
independently from age, liver-related complications, CRP,
hepatotoxicity corresponds with other common clinical
creatinine and the MELD score. Thus, processes that lead to a
measures that are predictive of hepatocellular injury. Further
rise in systemic interleukin-22 may be relevant for prognosis
study is warranted to evaluate possible mechanistic
of advanced liver cirrhosis [128]. In patients with hypertensive
relationships
between
inflammatory
cytokines
and
cardiomyopathy, there was a good correlation between IL-4
acetaminophen hepatotoxicity in children and adults. [140] IL-8
and PIIINP levels. Correlations were also observed between
production may be associated with hepatic mitochondrial
IL-4 and TNF-α and IL-6. The urinary IL-4 level correlated
impairment during ischemia, and may contribute to new
with cardiac fibrosis and remodeling in patients with HF. The
therapeutic strategies not only for hepatic ischemia reperfusion
relationship was stronger in those with hypertensive
injury but also for metastatic liver tumors [141]. The severity of
[129]
cardiomyopathy
.
liver cirrhosis is an important factor for the occurrence of
The low presence of IL-5 in liver and peripheral blood may
enhanced IL-8 levels and its does not play a role in the
represent a particular pattern of eosinophil behaviour in human
hyperdynamic circulation observed in patients with postliver failure, which may also involve MIP-1 α. Further ex vivo
hepatitic cirrhosis [142]. Neopterin and IL-8 plasma levels are
studies are necessary to evaluate the specific role of
raised in patients with alcohol-induced cirrhosis, and are
eosinophils in FHF [130]. Significantly higher values for
predictive of mortality associated with infections and upper
cytokines were found in patients with ascites or
gastrointestinal bleeding, respectively [143]. Increased IL-8
encephalopathy in comparison to those without any features of
concentrations in patients with alcoholic hepatitis suggest a
portal hypertension and/or insufficiency of the liver cells. A
role for interleukin-8 in the neutrophilia and hepatic
high concentration of the tested cytokine is a disadvantageous
polymorphonuclear leukocyte infiltration of alcoholic hepatitis
[144]
prognostic factor in patients with ALD. IL-8 appears to be an
. Patients with alcoholic cirrhosis and chronic alcoholic
important factor in liver pathology in patients with ALD,
hepatitis had the highest and patients with fatty liver had the
especially in the development of the inflammatory process.
lowest serum IL-6 concentrations. In addition, IL-6
[131]
IL-13-regulated genes have been linked to the mechanisms
concentrations were higher in patients with hepatic
of wound healing and fibrosis. In addition to IL-5 polarizing
encephalopathy than in those without liver failure.
the antigen-specific CD4+Th2 cell response, and granuloma
Furthermore, there exist a significant correlation between
eosinophils were themselves a significant source of IL-13 [132].
serum IL-6 and albumin concentrations. High IL-6
In non-specific reactive hepatitis intrahepatic expression of ILconcentrations were associated with high mortality in patients
6 was minimal, while in alcoholic liver fibrosis the cytokine
with ALD [145].
distribution in the lobules was similar to that of acute viral
Patients who continued to drink alcohol had higher serum ILhepatitis. These results indicate that locally produced IL-6
12 levels than those who abstained from alcohol in the
contributes to the inflammatory process and immunological
steatosis, hepatitis and cirrhosis groups. Serum IL-12 levels
response in acute and chronic liver disease [133]. Correlations
reflected the different stages of ALD and can represent the
between IL-1 receptor antagonist and TNF- α soluble receptor
status of continuous alcohol consumption. It has the potential
were more significant than those of either antagonist with CRP
to be a biomarker of ALD [146]. The combined assays of both
or ESR. IL-1 receptor antagonist and TNF- α soluble receptor
serum CA 19-9 and IL-6 could be useful in diagnosing
levels were also positively correlated with bilirubin and AST
cholangiocarcinoma, particularly in populations where this
levels, and hence circulating levels of IL-1 receptor antagonist
cancer is prevalent [147]. In vitro IL-6 treatment of donor livers
and TNF- α soluble receptor may reflect ongoing disease
also markedly reduces mortality associated with fatty liver
activity and probably modulate some effects of endogenous
transplants
from
alcohol-fed
rats.
IL-6
induces
IL-1 and TNF- α [134].
hepatoprotection of steatotic liver isografts via preventing
IL-6 can function acutely to improve hepatic regeneration and
sinusoidal endothelial cell necrapoptosis and consequent
repair, but that more chronic exposure not only abolishes the
amelioration of hepatic microcirculation, and protecting
protective effects of IL-6, but actually sensitizes the liver to
against hepatocyte death. IL-6 pre-treatment of steatotic livers
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may render such allografts for clinical transplantation. [148]
Atherosclerotic lesion size was decreased to levels observed in
normal kidney function. Kidney function modifies arterial
myeloid cell accumulation and phenotype in atherosclerosis,
suggesting a central role for IL-17A in aggravation of vascular
inflammation and atherosclerosis in renal impairment. [149] A
dose-dependent reduction in serum levels of liver enzymes,
TNF-α, and IFN-gamma corresponded with this amelioration
of liver damage. No significant change in infiltrating
lymphocyte populations in the liver was observed following
rhIL-11 treatment. Taken together, these results indicate that
rhIL-11 ameliorates T-cell-mediated hepatic injury and
suggests its therapeutic potential to treat inflammatory liver
disease [150].
IL-11R agonist enhanced the proliferation of hepatocytes and
ameliorated oxidative stress upon acetaminophen-induced liver
injury. Conversely, the effects of acetaminophen were
exacerbated in mice deficient in the IL-11R α subunit and the
results suggest that IL-11 provides a functional link between
oxidative stress and compensatory proliferation [151]. rhIL-11
may be beneficial for patients with hepatic inflammation and
advanced liver disease associated with chronic HCV infection.
Larger clinical trials are warranted to further evaluate the longterm antiinflammatory and antifibrotic effects of rhIL-11 [152].
IL-13 is a critical hepatoprotective factor modulating the
susceptibility to AILD and may provide hepatoprotection, in
part, by down-regulating protoxicant factors and cells
associated with the innate immune system [153]. The STAT
pathway operates as a key negative regulator in the hepatic
inflammatory ischemia-reperfusion response and it outlines
requirements for Ad-IL-13 use to maximize the organ donor
pool through the use of liver transplants despite prolonged
ischemia [154].
IL-13-dependent fibrosis and portal hypertension and quickly
succumb to the infection, and the schistosomiasis model
illustrate opposing activities for IL-13 and IL-13R α2 in health
and disease [155]. IL-10 and IL-15 may reflect the degree of
inflammation in the liver. It is also suggested that both
cytokines may be related to the development of HCC [156]. IL-6
showed inverse correlations with liver function, intensity of
alcoholism, nutritional status, left arm muscle mass and shortterm mortality [157]. The effect of Kupffer cells on liver
triglycerides are at least partially mediated by IL-1beta, which
suppresses PPAR-α expression and activity [158].
5. Conclusions
This review article has given an extensive detail about the role
of interleukins in diseases associated with three major organs
of human. Among the role played by various interleukins, IL6 plays a major role and is involved in regulating the functions
of the three major organ viz renal, cardiac and liver.
Treatment options, with deficient interleukins is also
highlighted in this review article. The contents found in this
paper will certainly be useful to explore further research in the
said failed.
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