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Abstract

Chronic kidney disease (CKD) is a kidney condition whereby the structure and function of the kidneys is damaged and
compromised for a minimum of three months. The global prevalence of CKD in the general population in 2017 was estimated
at 9.1%, which represents approximately 700 million cases. In Mexico, kidney failure related to diabetes mellitus represents
25% of deaths due to diabetes, while kidney failure related to arterial hypertension represents 28% of deaths related to in-
tensive heart disease, and non-specific kidney failure represents 6% of deaths classified as nephritis and nephrosis. CKD is
a disease mainly driven by an inflammatory process and in more advanced stages, by fibrosis. These processes go hand in
hand with the expression of multiple proinflammatory cytokines, including IL-6. It is widely reported that elevated levels of
IL-6 correspond to the progression of CKD, due to its secretion stimulated by oxidative stress and pro-inflammatory factors
or accumulation due to decreased renal capacity. The present review aims to know the IL-6 effects on the inflammation in
chronic kidney disease process.
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Resumen

La enfermedad renal cronica (ERC) es una afeccion renal en la que la estructura y funcion de los rifiones se dafia y com-
promete durante un minimo de tres meses. La prevalencia global de ERC en la poblacion general en 2017 se estimd en
9,1%, lo que representa aproximadamente 700 millones de casos. En México, la insuficiencia renal relacionada con la dia-
betes mellitus representa el 25% de las muertes por diabetes, mientras que la insuficiencia renal relacionada con la hiper-
tension arterial representa el 28% de las muertes relacionadas con enfermedades cardiacas intensivas, y la insuficiencia
renal inespecifica representa el 6% de las muertes clasificadas como nefritis. y nefrosis. La ERC es una enfermedad impul-
sada principalmente por un proceso inflamatorio y en estadios mas avanzados, por fibrosis. Estos procesos van de la mano
con la expresion de multiples citoquinas proinflamatorias, incluida la IL-6. Esta ampliamente reportado que niveles elevados
de IL-6 corresponden a la progresion de la ERC, debido a su secrecion estimulada por estrés oxidativo y factores proinfla-
matorios o acumulacion por disminucion de la capacidad renal. La presente revision tiene como objetivo conocer los efec-
tos de la IL-6 sobre la inflamacion en el proceso de enfermedad renal cronica.
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Introduction
Definition of the disease

Chronic kidney disease (CKD) is defined by the
Kidney Disease Improving Global Outcome (KDIGO)
guideline as a series of abnormalities in kidney struc-
ture and function with health implications that persist
for more than three months. In this way, it is a general
term for a set of heterogeneous disorders with a clinical
presentation that can vary, depending on the cause and
severity of the disease'. Specifically, the kidney activi-
ties that we see generally decreased in most CKD
presentations and will be excretory functions, but also
endocrine and metabolic functions?.

The first of the criteria used to delineate CKD from
other diseases with implications of decreased kidney
function is duration. The KDIGO has explicitly defined
a period of 90 days to accept the chronic value of the
disease!. Moreover, although in most scenarios, the
persistent quality of the causal factors of the disease
provides it with an irreversible nature, there are cases
in which CKD will be partially or completely reversible,
so it is important to highlight that irreversibility is not
part of the criteria that defines CKD?.

The second key factor in the delineation of CKD is,
of course, the decrease in kidney function as such. The
kidney comprises up to one million nephrons. Thus, the
glomerular filtration rate (GFR) is calculated by multiply-
ing the filtration capacity of an individual nephron by the
total number of nephrons, and is expressed
in mL/min/1.73m2. The KDIGO establishes that a GFR
of < 60 mL/min/1.73m? should be considered as
decreased GFR, while a GFR of < 15 mL/min/1.73m?
indicates renal failure. In summary, a GFR of
< 60 mL/min/1.73m? that persists for more than ninety
days will indicate the presence of CKD'. A GFR of
< 60 mL/min/1.73m? can be detected by laboratory anal-
ysis. When it comes to an estimate based on serum
creatinine, we will talk about an eGFR (estimated
Glomerular Filtration Rate). An eGFR can be confirmed
using an alternative filtration marker such as cystatin C*.

The third defining factor of CKD is kidney damage,
which can occur in the parenchyma, epithelial tissue,
or collection systems®. Kidney damage is generally
inferred through the use of markers and not necessarily
by direct examination of kidney tissue. These markers
may even provide information about the location of the
damage®. A key marker of kidney damage in glomerular
diseases is the increase in the amount of protein sus-
pended in the urine, that is, the presence of proteinuria,
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which may be due to an increase in glomerular perme-
ability to high molecular weight proteins, tubular reab-
sorption incompleteness of low molecular weight
proteins, the loss of constituents of the tubular cells of
the kidney or, if applicable, an increase in the concen-
tration of low molecular weight proteins, although in this
scenario, unlike the first three; proteinuria will not neces-
sarily reflect a decrease in the ability of the kidneys to
filter plasma protein due to the existence of damage'®.

Disease classification

The KDIGO proposes and recommends a classifica-
tion system for CKD based on a two-dimensional matrix
where one axis incorporates the level of albuminuria
expressed in mg/g, this being an estimator of kidney
damage and divided into three categories (A1- A3). The
other axis incorporates the GFR, that is, an estimator
of kidney function, divided into 6 categories (G1, G2,
G3a, G3b, G4 and G5). At the intersection of each of
these classifications we find a stage of the disease (for
example G3bA2), with a description of the patient’s risk
of disease progression, manifested as progression to
end-stage renal disease (ESRD), the risk of developing
cardiovascular disease, suffering from acute kidney
injury, hospitalization, and even death'. However, this
classification system suffers from some weaknesses,
for example, stages G2-G4 could underestimate the
extent of nephron loss because the decrease in GFR
is not only associated with disease progression, but
also with natural mechanisms such as physiological
aging’. Furthermore, serum creatinine could, in the
same way, underestimate the degree of kidney damage
because protein levels have more notable changes the
more advanced the disease is®.

Likewise, KDIGO insists that the diagnosis of CKD at
a certain stage does not constitute a comprehensive
diagnosis, but rather it is important to determine the eti-
ology of the disease to issue a prognosis and provide
adequate treatment. In general, the etiology of the dis-
ease has been classified based on the presence or
absence of systemic diseases, as well as the location of
the renal abnormalities detected. In primary kidney dis-
eases, the pathological process is restricted to the kid-
ney, while, in systemic diseases, the kidney is only one
element in a process that affects other body systems.
Localized pathology regarding renal abnormalities is
based on what is revealed by imaging techniques, urine
sediment analysis, as well as the level of proteinuria.
KDIGO also offers a classification of CKD based on the
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presence or absence of systemic disease, as well as the
location of the identified pathological processes'.

Chronic kidney disease and inflammatory
processes

As the nephron receives a progressive increase in
filtration load during the establishment of kidney dis-
ease, the expression of growth factors such as the
transforming growth factor alpha (TGF-c)® and epider-
mal growth factor receptor (EGFR)™, result in an
increase in the filtration surface of the nephron that
allows it to adapt to filtration overload stress. However,
there will come a time when the size of the glomerulus
will be such that the podocytes that maintain the glo-
merular filtration barrier will begin to detach due to
mechanical stress, leading to the development of glo-
merulosclerosis and renal fibrosis™2. Renal fibrosis
will be accompanied by persistent inflammation as well
as oxidative stress. NF-kB is an inflammatory factor
activated by the accumulation of reactive oxygen spe-
cies that occur in the context of fibrosis processes. This
factor will trigger the production of inflammatory cyto-
kines such as interleukin-1o. (IL-1e), interleukin-1(
(IL-1B), tumor necrosis factor (TNF) and interleukin-6
(IL-6)™s.

The microvascular networks in the kidneys have a
unique structure that allows them to maintain an ade-
quate osmotic gradient for the absorption of fluids and
the production of concentrated urine. The key region of
the kidney for this function is the medulla, which under
physiological conditions will remain in a hypoxic envi-
ronment, so it depends on a large number of locally
produced regulators, mainly hormones and a variety of
vasoactive molecules to maintain homeostasis'. This
fine balance that takes place in the kidney medulla, and
on which its function depends, is highly vulnerable to
any influence from the microenvironment. The inflam-
matory response within the intrarenal architecture will
contribute to the amplification of inappropriate micro-
vascular activity, as well as the production of tubular
toxins and even more reactive oxygen species'. This
will lead to the impairment of the integrity of the endo-
thelial glycocalyx, as well as the expression of cell
adhesion proteins. The increase in the concentration of
cytokines will also lead to the disruption of the normal
metabolism of the extracellular matrix, the proliferation
of resident cells, and the procoagulant activity of the
renal endothelium'®,

The accumulation of these inflammatory stimuli, in
conjunction with high levels of albumin, and the

secretion of complement proteins, will lead to the acti-
vation of an inflammatory response of tubular cells®,
which promotes the recruitment and activation of
immune system cells such as macrophages, as well as
the secretion of pro-fibrotic factors including plate-
let-derived growth factor (PDGF), connective tissue
growth factor (CTGF), and transforming growth factor
B (TGF-p)@. These elements trigger the enrichment and
activation of myofibroblasts, which will consequently
lead to an increase in interstitial collagen deposition
and fibrosis, and contribute to progress in tubulointer-
stitial tissue remodeling and loss of renal function'®.

Unlike acute inflammation, which is a natural response
to kidney damage, chronic inflammation is the result of
a negative adaptation resulting from persistent hyper-
stimulation of pro-inflammatory signals and pathways,
leading to disease progression®. It is a state of aber-
rant activation of resident cells of the kidney with a
pro-inflammatory phenotype, including mesangial,
endothelial, tubular cells, and the podocytes them-
selves, thus perpetuating the increase in cytokine lev-
els and extracellular matrix secretion?®'.

Interleukin-6 and kidney disease

Interleukin 6 (IL-6) is part of the IL-6 family that
includes interleukin 11 (IL-11), interleukin 27 (IL-27),
interleukin 31 (IL-31), leukemia inhibitory factor (FIL),
oncostatin M (OSM), ciliary neurotrophic factor (CNF),
cardiotrophin 1 (CT-1), cardiotrophin-like cytokine (NNT-
1), granulocyte colony-stimulating factor (G-CSF) and
neuropoietin (NP)?2. This family is involved in a wide
range of signaling pathways, both physiological and
pathological®®. They have a similar four-helix structure
and share the glycoprotein gp130 as a receptor, allow-
ing some redundancy among family members. However,
although gp130 is found in all cells, by itself it is not
capable of binding to cytokines, but rather requires
additional receptors that are specific for each member
of the family and are expressed only in certain types
of cells?.

Two pathways for interleukin-6

Specifically, IL-6 was first identified in 19862°. Its
most important target cells include lymphocytes,
myeloid cells, epithelial cells, and hepatocytes. This
cytokine has two signaling pathways known as the
classical pathway and the trans pathway?é. Classic sig-
naling occurs when IL-6 affects its target cells by bind-
ing to the alpha chain of a membrane-associated IL-6



receptor (mbIL-6R), which is connected to two gp130
molecules, thus beginning a transduction cascade
operated by JAK/STAT3 and SHP2/Gab/MAPK that are
activated by the TxxQ and Y759 motifs of gp130 respec-
tively>”. However, cells such as macrophages, neutro-
phils, CD4+ T cells, podocytes and hepatocytes that
express mblL-6R are rare?®, It is the trans pathway that
allows IL-6 to reach more cell types, this through the
expression of a soluble form of the IL-6 receptor
(sIL-6R). IL-6 can associate with this receptor with the
same affinity as its intermembrane counterpart, and
once this happens, the IL-6/sIL-6R complex will be able
to activate gp130 in almost any type of cell?°. In humans,
sIL-6R is generated through two pathways. The first
consists of the cleavage of mbIL-6R through the activity
of Zn2+ zinc-binding catalytic domain metalloprotein-
ases of the ADAM family®°. It is believed that ADAM10
and ADAM17 could cleave mblL-6R, with slow and fast
activity respectively. ADAM17 is an enzyme that is
activated by many damage markers such as:
pro-inflammatory cytokines, bacterial toxins, lack of cel-
lular cholesterol, and DNA damage, among others®'.
The second pathway by which slIL-6R is generated is
alternative splicing of the receptor mMRNA32, There is a
perception that the classical pathway and the trans
pathway of IL-6 have specific activity during inflamma-
tion, where the classical pathway is associated with an
anti-inflammatory effect, while the trans pathway with
a pro-inflammatory effect. However, this pattern is not
always constant, since in different scenarios we can
find an effect opposite to that attributed to each of the
pathways, so it is evident that the effect of IL-6 on the
inflammation process will be context dependent?®,

Interleukin-6 in the immune response

IL-6 is best known for its effects on the immune sys-
tem’s inflammation process. This acts mainly on T lym-
phocytes and monocytes. In T cells it is able to stimulate
the differentiation of Th17 cells by positively regulating
the expression of RORyt3, while blocking the differen-
tiation of Treg cells®. These Th17 cells will initi-
ate the inflammatory response by secreting various
pro-inflammatory cytokines?®. Additionally, IL-6 has the
ability to promote the proliferation of Th17, as well as
provide resistance against their apoptosis through the
production of IL-2%°, in addition to the activation of
STAT3 and Th23%, Furthermore, IL-6 has the ability to
direct the differentiation of monocytes, changing their
cell fate from dendritic cells to macrophages by upreg-
ulating M-CSF receptors®’.
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Interleukin-6 in different kidney cells

The podocyte is a key cell in the relationship between
IL-6 and the pathophysiology of kidney disease, as it is
the only cell in the kidney that expresses mblL-6R and,
therefore, the only one capable of receiving the influx
of IL-6 directly through the classical route®. IL-6 is
secreted by the podocyte when exposed to pro-inflam-
matory mediators or in the presence of high levels of
glucose, promoting its proliferation in an autocrine man-
ner®, Furthermore, there is evidence that IL-6 can also
act in this cell through the trans pathway in a process
that is initiated by Ang Il and leads to STAT3
activation®.

Mesangial cells, although lacking IL-6R expression
on their membrane, express gp130 and are capable of
secreting IL-6*'. Furthermore, when exposed to the
IL-6/sIL-6R complex, they recruit monocytes through
the secretion of chemoattractants, thereby increasing
their accumulation of extracellular matrix and their
proliferation®2.

Similarly, endothelial cells can receive the IL-6 signal
through the trans pathway, which promotes the expres-
sion of the Ang Il type 1 receptor (ATR1), triggering
Ang-induced vasoconstriction Il, as well as the produc-
tion of ROS, which ends in endothelial dysfunction.
These cells secrete IL-6 upon exposure to pro-inflam-
matory mediators such as IL-1 and IL-4 and TNFa3,

Tubular epithelial cells also receive IL-6 stimulation
through the trans pathway, and this promotes the gen-
eration of type | collagen**, thereby accelerating tubu-
lointerstitial fibrosis. These same cells secrete IL-6
under pathological conditions such as hypoxemia and
exposure to nephrotoxins, oxidized lipids, advanced
glycation by-products, immune complexes, and
cytokines*®,

Interleukin-6 during the development of
chronic kidney disease

It is widely reported that elevated levels of IL-6 cor-
respond to the progression of CKD. This is primarily
because of its secretion that is stimulated by oxidative
stress and pro-inflammatory factors, as well as the
decrease in the kidney’s ability to remove excess IL-6,
which allows for its accumulation*®. IL-6 will direct the
progression of the disease by aggravating kidney dam-
age by inducing overproduction of the extracellular
matrix and the proliferation of certain cell lineages, but
it will also initiate vascular complications that worsen
the patient’s health status®.
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Genetics and cytokine polymorphisms in
chronic kidney disease

The development and progression of CKD is strongly
influenced by genetic factors. However, unlike
Mendelian or monogenic disorders, it is a complex dis-
ease driven by a large number of genes and signaling
pathways. In diseases of this type, the contribution of
each gene is small, confers a relatively low risk, and
can be modified by epigenetic and epistatic interac-
tions*’, so that association studies of candidate genes
with the development of the disease represent an
important tool to unravel its complexity.

When human blood is stimulated by bacterial lipo-
polysaccharides, great variability is observed in the
cytokine production of individuals. This is largely due
to the great genetic variability that exists in these sol-
uble factors*®. It is well documented that variations in
cytokine gene sequences have a strong influence on
protein transcription and function. Additionally, clinical
significance has been reported for many of these
variants?’.

The IL-6 gen

The Interleukin 6 (IL-6) gene encodes the classic
cytokine IL-6. This gene was cloned and reported by
Hirano and collaborators in 19862. It is composed of
five exons and four introns located from 7p15 to 7p21.
It encodes the 212 amino acid (aa) IL-6 precursor that
includes the 28 aa signal sequence and the mature
segment of 184 aa.*®. As mentioned previously, IL-6
bears structural resemblance to the other cytokines of
its family. This protein in its mature state is composed
of four alpha helices in a two-up, two-down arrange-
ment. Its molecular mass varies from 21 kDa to 28 kDa
depending on the cell that secreted it and N-/O-
glycosylations and phosphorylations®°.

The IL-6 rs1800796 (-634 C/G or -572 C/G),
rs1800795 (-174 G/C), and rs1524107
(1400 C/T) polymorphisms

Of the polymorphisms studied in IL-6 related to the
pathophysiology of kidney disease, three have been
investigated in detail for this review: rs1800796 (634
C/G or -572 C/G), rs1800795 (-174 G/C), and
rs1524107 (1400 C/T) of IL-6.

In the report by Fishman et al. In 1998, the rs1800795
polymorphism was identified in the United Kingdom
population due to the difference in the genotypic

frequencies of 383 healthy subjects compared to those
found in 92 patients with systemic juvenile idiopathic
arthritis. After analyzing the response of HelLa cells to
transfection vectors with rs1800795C/rs1800795G, it
was determined that the C allele negatively regulates
the expression of /L-6 and reduces the production
capacity of the cytokine upon stimulation with lipopoly-
saccharides and /L-1. Finally, the association of the C
allele with decreased levels of /L-6 in healthy patients
was confirmed®'.

With the aim of determining whether there is an asso-
ciation of the rs1800796 polymorphism with the risk of
diabetic nephropathy progression and /L-6 secretion,
Kitamura et al. assembled a panel of Japanese sub-
jects with type Il diabetes and microalbuminuria
(138 patients), macroalbuminuria (154 patients), or nor-
mal albumin levels (162 patients). In this section, the
polymorphism was genotyped, and the /L-6 production
capacity was determined upon stimulation by lipopoly-
saccharides and advanced glycation byproducts,
revealing that there is an important association of the
G allele and the GG genotype of rs1800796 with the
suffering of macroalbuminuria, progression of diabetic
nephropathy, and the secretion capacity of /L-6 by
monocytes in peripheral blood®2.

In their 2007 publication, Mittal and Machanda
reported that the GG genotype of rs1800795 is associ-
ated with the risk of developing end-stage kidney dis-
ease in an Indian population of 193 cases and 180
controls without signs of the disease. Additionally, it
was reported that the combination of rs1800795GG
with the B2B2 genotype of the VNTR polymorphism in
intron-3 of /-4 confers an even greater risk of disease
progression®,

In the study by Ng et al. carried out in a Caucasian
section of patients diagnosed with type Il diabetes, the
association of /L-6 polymorphisms with persistent pro-
teinuria or with end-stage renal disease caused by
diabetic nephropathy was explored. Initially, 46 single
nucleotide polymorphisms (SNPs) were genotyped
including rs1524107, rs1800796, and rs1800795. Of
these three, only rs1800795 was polymorphic along
with 11 other SNPs, and although none demonstrated
a significant association with advanced diabetic
nephropathy (the combination of proteinuria and chronic
kidney failure/end-stage renal disease), a significant
association was found for rs1800795 only for end-stage
renal disease, but not for albuminuria levels. A similar
association was found for a haplotype that includes the
G allele of rs1800796 and the G allele of rs1800795
along with four other SNPs%.



In the 2012 study by Okada et al. conducted in a
Japanese cohort of 3,323 subjects, the association of
10 polymorphisms with CKD and eGFR was sought.
Each of these polymorphisms belongs to a cytokine
involved in pro- and anti-inflammatory signaling. Among
these polymorphisms is rs1800796 of /L-6, which in its
GG genotype was reported to be associated with a
lower eGFR and a lower prevalence of CKD. Likewise,
it was found that subjects with rs1800796GG and the
CC genotype of rs2070874 of IL-4 have even a lower
prevalence of the disease and lower eGFR, while the
opposite is reported for subjects with rs1800796CC and
rs2070874TT%5,

In their 2014 publication, Zhang and collaborators
genotyped the rs1524107 polymorphism for its relation-
ship with biological aging, in a population of 482
Chinese subjects without signs of disease, although no
association was found. This study is relevant, since
biological aging is strongly associated with CKD pro-
gression and nephron loss®.

Hepatitis induced by anti-tuberculosis drugs is the
result of patients’ low tolerance to certain drugs admin-
istered to combat the disease. There is a strong varia-
tion between the tolerance capacity of patients to these
drugs. This variation is mainly explained by differences
in the ability to metabolize and transport the active
substance, as well as in the immune response. This is
why Wang and collaborators in 2015 published a study
where an association of hepatitis secondary to anti-tu-
berculosis drugs with three /L-6 polymorphisms, includ-
ing rs1524107, was sought; however, no association
was found®’.

In the genotyping work of Wang et al. In 2015, per-
formed on liver tissues, it was confirmed that the G
allele and the GG genotype rs1800796CC polymor-
phism promote the transcription of /L-6, which confers
protection to hepatocytes during hypoxic injuries in the
liver’®, However, in kidney tissue during CKD it may
have an adverse effect, resulting in an increase in the
progression of the disease as reported by other
studies.

In their 2016 study, Chang et al. genotyped the
rs1524107, rs1800796, and rs1800795 polymorphisms
in a sample of 143 Chinese type 2 diabetes patients
with ACR =30 mg/g. These were compared with a
group of 567 diabetic patients with no symptoms of
kidney disease, and the association with the progres-
sion of nephropathy was analyzed. In this study, a sig-
nificant association of rs1524107 with disease
progression was reported, specifically, a higher risk rate
was found with the recessive CC genotype. Additionally,
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this was found to be strongly correlated with rs1800796.
The rs1800796 polymorphism in turn was also reported
to be associated with disease progression, specifically
in the recessive model for the GG genotype. At the
same time, the study could not explore any type of
association for the rs1800795 polymorphism because
a high homogeneity was found in the population, and
only 2 heterozygotes were found in the 568 subjects
included with no recessive homozygotes. Furthermore,
the study failed to find a significant association of /L-6
levels with any of the polymorphisms studied or with
any of the haplotypes they constructed®.

In 2017, Zhang et al. gathered a panel of 880 Chinese
subjects from the Han region, where 417 IgA nephrop-
athy patients and 463 disease-free controls were
included. The association of 7 IL-1B polymorphisms
and 3 IL-6 polymorphisms, including rs1800796, was
searched. In this study, it was reported that the G allele
of this polymorphism is significantly associated with the
risk of developing IgA nephropathy, and this allele is
even part of two haplotypes with the other two geno-
typed polymorphisms of IL-6 that confer risk of devel-
oping the disease®.

Alkharasan et al. conducted a study in a court of
149 patients who received an allograph kidney trans-
plant, where the association of an /L-288B SNP and two
IL-6 SNPs (one of them the rs1800795 polymorphism)
with hepatitis C virus viremia were sought. Although
alone, rs1800795 was not associated with the disease,
its GG genotype, in combination with other genotypes
of the remaining SNPs, were associated with the
disease®'.

Tacrolimus is an immunosuppressive drug that is
widely used during kidney transplantation to reduce the
risk of acute rejection; however, its optimal concentra-
tions vary strongly at the ethnic and individual level.
This variation can be explained by genetic differences
in the immune response. In 2018, Oetting et al. con-
ducted a study with 1,923 kidney transplant recipients,
whereby the association of 44 SNPs belonging to var-
ious genes, including rs1524107 of IL-6, with variations
in the optimal concentrations of Tacrolimus, was sought.
However, no significant association was found for this
polymorphism®2,

— In the report published by Azeez et al. in 2019, an
Iragi population of 108 patients with CKD divided
into two subgroups was gathered, 54 with hemo-
dialysis and 54 with a kidney transplant, as well as
54 controls without signs of kidney disease. In the-
se groups, the /-6 SNP rs1800795 was genotyped
and serum IL-6 levels were quantified, revealing a
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significant association of the GG and GC geno-
types with high levels of IL-6 in both subgroups of
patients and similarly, associated the GC genotype
with the risk of developing CKD®3,

In 2019 Oetting et al. conducted a study in an
American population with two subpopulations, one
European-American and the other African-American.
The association of 75 polymorphisms belonging to 58
genes, including rs1524107 and rs1800795 of IL-6, with
acute rejection syndrome during allograph kidney
transplantation, one of the major risk factors for tubular
atrophy and progression of fibrosis of the kidney, was
sought. However, with the transplanted kidney, no
association was found with this phenomenon®.

Rocha et al. in 2021 gathered a Portuguese population
that included 289 patients with end-stage renal disease.
The association of the rs1800795 polymorphism with the
inflammatory response and clinical outcome of end-
stage renal disease was explored. In the first instance,
no significant association of the polymorphism with the
disease was reported when comparing the allelic and
genotypic frequencies of the cases with the controls.
However, the CC genotype was significantly associated
with high serum levels of the high-sensitivity inflamma-
tory marker CRP (hsCRP) and lower leukocyte count,
but no association was found with other inflammatory
markers such as the C-reactive protein. protein, CRP,
growth differentiating factor 15 (GCF15), pentraxin-3
(PTX3) or with IL-6 itself. Additionally, when comparing
allelic and genotypic frequencies among patients with
end-stage renal disease, it was found that the CC gen-
otype is associated with high mortality, and that the CG
genotype is associated with the highest survival rate.
Lastly, an association of the GG genotype with higher
levels of IL-6 in deceased patients is reported. Similarly,
the association of the CC genotype with hsCRP levels
was reported again in this same comparison®,

Conclusion

IL-6 is strongly related to the pathophysiological pro-
cess of chronic kidney disease, mainly through podo-
cytes, mesangial cells, endothelial cells, and tubular
cells due to the expression of mblL-6R and the secre-
tion of IL-6 upon receiving the IL-6 signal through the
trans pathway. Furthermore, it has been reported that
elevated levels of IL-6 correspond to the progression of
CKD. This relationship could be reinforced by the cor-
relations that have been identified between the poly-
morphisms present in the gene and the disease.

Funding

None.

Conflicts of interest

None.

Ethical disclosures

Protection of human and animal subjects. The
authors declare that no experiments were performed
on humans or animals for this study.

Confidentiality of data. The authors declare that no
patient data appear in this article. Furthermore, they
have acknowledged and followed the recommenda-
tions as per the SAGER guidelines depending on the
type and nature of the study.

Right to privacy and informed consent. The authors
declare that no patient data appear in this article.

Use of artificial intelligence for generating text.
The authors declare that they have not used any type
of generative artificial intelligence for the writing of this
manuscript, nor for the creation of images, graphics,
tables, or their corresponding captions.

References

1. Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work
Group KDIGO clinical practice guideline for the evaluation and manage-
ment of chronic kidney disease. Kidney Int. Suppl. 2013;3:1-150.
doi: 10.1038/kisup.2012.73.

2. Kuczera P, Adamczak M, Wiecek A. Endocrine Abnormalities in Patients
with Chronic Kidney Disease. Pril (Makedon Akad Nauk Umet Odd Med
Nauki). 2015;36(2):109-118. doi:10.1515/prilozi-2015-0059

3. Najjar M, Yerebakan H, Sorabella RA, Guglielmetti L, Vanderberge J,
Kurlansky P, et al. Reversibility of chronic kidney disease and outcomes
following aortic valve replacementt. Interact Cardiovasc Thorac Surg.
2015;21(4):499-505. doi:10.1093/icvts/ivv196

4. Kar S, Paglialunga S, Islam R. Cystatin C Is a More Reliable Biomarker
for Determining eGFR to Support Drug Development Studies. J Clin
Pharmacol. 2018;58(10):1239-1247. doi:10.1002/jcph.1132

5. Menzilcioglu MS, Duymus M, Citil S, Gungor G, Sahin T, Boysan SN,
et al. Strain wave elastography for evaluation of renal parenchyma in
chronic kidney disease. Br J Radiol. 2015;88(1050):20140714.
doi:10.1259/bjr.20140714

6. Lopez-Giacoman S, Madero M. Biomarkers in chronic kidney disease,
from kidney function to kidney damage. World J Nephrol. 2015;4(1):57-73.
doi:10.5527/wjn.v4.i1.57

7. Zarogiannis SG, Liakopoulos V, Schmitt CP. Single-Nephron Glomerular
Filtration Rate in Healthy Adults. N Engl J Med. 2017;377(12):1203.
doi:10.1056/NEJMc1709128

8. Romagnani P, Remuzzi G, Glassock R, Levin A, Jager KJ, Tonelli M,
et al. Chronic kidney disease. Nat Rev Dis Primers. 2017;3:17088. Publi-
shed 2017 Nov 23. doi:10.1038/nrdp.2017.88

9. Laouari D, Burtin M, Phelep A, Martino C, Pillebout E, Montagutelli X,
et al. TGF-alpha mediates genetic susceptibility to chronic kidney disease.
J Am Soc Nephrol. 2011;22(2):327-335. doi:10.1681/ASN.2010040356

10. Rayego-Mateos S, Marquez-Expdsito L, Rodrigues-Diez R, Sanz AB,
Guiteras R, Doladé N, et al. Molecular Mechanisms of Kidney Injury and
Repair. Int J Mol Sci. 2022;23(3):1542. Published 2022 Jan 28.
doi:10.3390/ijms23031542

11. Helal |, Fick-Brosnahan GM, Reed-Gitomer B, Schrier RW. Glomerular
hyperfiltration: definitions, mechanisms and clinical implications. Nat Rev
Nephrol. 2012;8(5):293-300. Published 2012 Feb 21. doi:10.1038/
nmeph.2012.19



20.

21.

22,

23.

24,

25,

26.

27.

28,

29.

30.

31.

32.

33.

34,

35.

. Lu CC, Wang GH, Lu J, Chen P, Zhang Y, Hu Z, et al. Role of Podocyte

Injury in Glomerulosclerosis. Adv Exp Med Biol. 2019;1165:195-232.
doi:10.1007/978-981-13-8871-2_10

. Queisser N, Schupp N. Aldosterone, oxidative stress, and NF-kB activa-

tion in hypertension-related cardiovascular and renal diseases. Free

Radic Biol Med. 2012;53(2):314-327. doi:10.1016/j.freeradbio-
med.2012.05.011
. Damkjeer M, Vafaee M, Mgller ML, Braad PE, Peterse H,

Hoilund-Carlsen PF, al. Renal cortical and medullary blood flow respon-
ses to altered NO availability in humans. Am J Physiol Regul Integr Comp
Physiol. 2010;299(6):R1449-R1455. doi:10.1152/ajpregu.00440.2010

. Mihai S, Codrici E, Popescu ID, Enciu AM, Albulescu L, Necula LG, et al.

Inflammation-Related Mechanisms in Chronic Kidney Disease Prediction,
Progression, and Outcome. J Immunol Res. 2018;2018:2180373. Publi-
shed 2018 Sep 6. doi:10.1155/2018/2180373

. Qian Q. Inflammation: A Key Contributor to the Genesis and Progression

of Chronic Kidney Disease.
doi:10.1159/000479257

Contrib  Nephrol. 2017;191:72-83.

. Meng XM, Nikolic-Paterson DJ, Lan HY. Inflammatory processes in renal

fibrosis. Nat Rev Nephrol. 2014;10(9):493-503. doi: 10.1038/nrneph.2014.114

. Schnaper HW, Hayashida T, Poncelet AC. It's a Smad world: regulation

of TGF-beta signaling in the kidney. J Am Soc Nephrol. 2002;13(4):1126-
1128. doi:10.1681/ASN.V1341126

. Stenvinkel P, Chertow GM, Devarajan P, Levin A, Andreoli SP,

Bangalore S, et al. Chronic Inflammation in Chronic Kidney Disease
Progression: Role of Nrf2. Kidney Int Rep. 2021;6(7):1775-1787. Publi-
shed 2021 May 4. doi:10.1016/j.ekir.2021.04.023

Lee SA, Noel S, Sadasivam M, Hamad ARA, Rabb H. Role of Immune
Cells in Acute Kidney Injury and Repair. Nephron. 2017;137(4):282-286.
doi:10.1159/000477181

Kitching AR, Hutton HL. The Players: Cells Involved in Glomerular
Disease. Clin J Am Soc Nephrol. 2016;11(9):1664-1674. doi:10.2215/
CJN.13791215

Gorshkova EA, Nedospasov SA, Shilov ES. Mol
2016;50(6):1039-1048. doi:10.7868/S0026898416060069
Magno AL, Herat LY, Carnagarin R, Schlaich MP, Matthews VB. Current
Knowledge of IL-6 Cytokine Family Members in Acute and Chronic Kid-
ney Disease. Biomedicines. 2019;7(1):19. Published 2019 Mar 13.
doi:10.3390/biomedicines7010019

Garbers C, Hermanns HM, Schaper F, Miller Newen G, Grétzinger J,
Rose-John S, et al. Plasticity and cross-talk of interleukin 6-type cytoki-
nes. Cytokine Growth Factor Rev. 2012;23(3):85-97. doi:10.1016/j.cyto-
gfr.2012.04.001

Hirano T, Yasukawa K, Harada H, Taga T, Matsuda T, Kashiwamura S,
et al. Complementary DNA for a novel human interleukin (BSF-2) that
induces B lymphocytes to produce immunoglobulin. Nature.
1986;324(6092):73-76. doi:10.1038/324073a0

Hunter CA, Jones SA. IL-6 as a keystone cytokine in health and disease
[published correction appears in Nat Immunol. 2017 Oct 18;18(11):1271].
Nat Immunol. 2015;16(5):448-457. doi:10.1038/ni.3153

Kamimura D, Ishihara K, Hirano T. IL-6 signal transduction and its phy-
siological roles: the signal orchestration model. Rev Physiol Biochem
Pharmacol. 2003;149:1-38. doi:10.1007/s10254-003-0012-2

Su H, Lei CT, Zhang C. Interleukin-6 Signaling Pathway and Its Role in
Kidney Disease: An Update. Front Immunol. 2017;8:405. Published
2017 Apr 21. doi:10.3389/fimmu.2017.00405

Ebihara N, Matsuda A, Nakamura S, Matsuda H, Murakami A. Role of
the IL-6 classic- and trans-signaling pathways in corneal sterile inflam-
mation and wound healing. Invest Ophthalmol Vis Sci. 2011;52(12):8549-
8557. Published 2011 Nov 1. doi:10.1167/iovs.11-7956

Chalaris A, Gewiese J, Paliga K, Fleig L, Schneede A, Krieger K, et al.
ADAM17-mediated shedding of the IL6R induces cleavage of the mem-
brane stub by gamma-secretase. Biochim Biophys Acta. 2010;1803(2):234-
245. doi:10.1016/j.bbamcr.2009.12.001

Matthews V, Schuster B, Schiitze S, Bussmeyer I, Ludwig A, Hundhau-
sen C, et al. Cellular cholesterol depletion triggers shedding of the human
interleukin-6 receptor by ADAM10 and ADAM17 (TACE). J Biol Chem.
2003;278(40):38829-38839. doi:10.1074/jbc.M210584200

Lamas JR, Rodriguez-Rodriguez L, Tornero-Esteban P, Villafuentes E,
Hoyas J, abasolo L, et al. Alternative splicing and proteolytic rupture
contribute to the generation of soluble IL-6 receptors (sIL-6R) in rheuma-
toid arthritis. Cytokine. 2013;61(3):720-723. doi:10.1016/j.cyt0.2012.12.025
Singh RP, Hasan S, Sharma S, Nagra S, Yamaguchi DT, Wong DTW,
Hahn BH, et al. Th17 cells in inflammation and autoimmunity. Autoimmun
Rev. 2014;13(12):1174-1181. doi:10.1016/j.autrev.2014.08.019
Fujimoto M, Nakano M, Terabe F, Kawahjata H, Ohkawara T, Han Y,
et al. The influence of excessive IL-6 production in vivo on the develop-
ment and function of Foxp3+ regulatory T cells. J Immunol.
2011;186(1):32-40. doi:10.4049/immunol.0903314

Yoshida H, Hashizume M, Suzuki M, Mihara M. Anti-IL-6 receptor anti-
body suppressed T cell activation by inhibiting IL-2 production and indu-
cing regulatory T cells. Eur J Pharmacol. 2010;634(1-3):178-183.
doi:10.1016/j.ejphar.2010.02.026

Biol (Mosk).

36.

37.

38.

39.

40.

4.

42

43.

44.

45,

46.

47.

48.

49,

50.

51.

52,

53.

54.

55.

56.

57.

J. Garcia-Gomez et al. IL-6 and the kidney

Rincén M, Anguita J, Nakamura T, Fikrig E, Flavell RA. Interleukin (IL)-6
directs the differentiation of IL-4-producing CD4+ T cells. J Exp Med.
1997;185(3):461-469. doi:10.1084/jem.185.3.461

Mitani H, Katayama N, Araki H, Ohishi K, Kobayashi K, Suzuki H, et al.
Activity of interleukin 6 in the differentiation of monocytes to macrophages
and dendritic cells. Br J Haematol. 2000;109(2):288-295.
doi:10.1046/j.1365-2141.2000.02020.x

Nechemia-Arbely Y, Barkan D, Pizov G, Shriki A, Rose-John S, Galun E,
et al. IL-6/IL-6R axis plays a critical role in acute kidney injury. J Am Soc
Nephrol. 2008;19(6):1106-1115. doi:10.1681/ASN.2007070744

Kim DI, Park SH. Sequential signaling cascade of IL-6 and PGC-1a is
involved in high glucose-induced podocyte loss and growth arrest. Bio-
chem Biophys Res Commun. 2013;435(4):702-707. doi:10.1016/j.
bbrc.2013.05.046

Anderson M, Roshanravan H, Khine J, Dryer SE. Angiotensin Il activation
of TRPC6 channels in rat podocytes requires generation of reactive
oxygen species. J Cell Physiol. 2014;229(4):434-442. doi:10.1002/
jcp.24461

Ji M, Lu Y, Zhao C, Gao W, He F, Zhang J, et al. C5a Induces the
Synthesis of IL-6 and TNF-a in Rat Glomerular Mesangial Cells through
MAPK Signaling Pathways. PLoS One. 2016;11(9):e0161867. Published
2016 Sep 1. doi:10.1371/journal.pone.0161867

Coletta I, Soldo L, Polentarutti N, Mancini F, Guglielmotti A, Pinza M,
et al. Selective induction of MCP-1 in human mesangial cells by the IL-6/
sIL-6R complex. Exp Nephrol. 2000;8(1):37-43. doi:10.1159/000059327
Wassmann S, Stumpf M, Strehlow K, Schmid A, Schieffer B, Bshm M,
et al. Interleukin-6 induces oxidative stress and endothelial dysfunction
by overexpression of the angiotensin Il type 1 receptor. Circ Res.
2004;94(4):534-541. doi:10.1161/01.RES.0000115557.25127.8D
Ranganathan P, Jayakumar C, Ramesh G. Proximal tubule-specific ove-
rexpression of netrin-1 suppresses acute kidney injury-induced interstitial
fibrosis and glomerulosclerosis through suppression of IL-6/STAT3 sig-
naling. Am J Physiol Renal Physiol. 2013;304(8):F1054-F1065.
doi:10.1152/ajprenal.00650.2012

Yung S, Tsang RC, Sun Y, Leung JK, Chan TM. Effect of human anti-
DNA antibodies on proximal renal tubular epithelial cell cytokine expres-
sion: implications on tubulointerstitial inflammation in lupus nephritis.
J Am Soc Nephrol. 2005;16(11):3281-3294. doi:10.1681/ASN.2004110917
Pecoits-Filho R, Heimburger O, Barany P, Suliman M, Fehrman-Ekholm I,
Lindholm B, et al. Associations between circulating inflammatory markers
and residual renal function in CRF patients. Am J Kidney Dis.
2003;41(6):1212-1218. doi:10.1016/s0272-6386(03)00353-6

Rao M, Wong C, Kanetsky P, Girndt M, Stenvinkel P, Raj DSC. Cytokine
gene polymorphism and progression of renal and cardiovascular disea-
ses. Kidney Int. 2007;72(5):549-556. doi:10.1038/sj.ki.5002391
Myrianthefs P, Karatzas S, Venetsanou K, Grouzi E, Evangelopoulou P,
Boutzouka E, et al. Seasonal variation in whole blood cytokine production
after LPS stimulation in normal individuals. Cytokine. 2003;24(6):286-
292. doi:10.1016/j.cyt0.2003.08.005

Ataie-Kachoie P, Pourgholami MH, Richardson DR, Morris DL. Gene of
the month: Interleukin 6 (IL-6). J Clin Pathol. 2014;67(11):932-937.
doi:10.1136/jclinpath-2014-202493

Simpson RJ, Hammacher A, Smith DK, Matthews JM, Ward LD. Inter-
leukin-6: structure-function relationships. Protein Sci. 1997;6(5):929-955.
doi:10.1002/pro.5560060501

Fishman D, Faulds G, Jeffery R, Mohamed-Ali V, Yudkin JS, Humpries S,
et al. The effect of novel polymorphisms in the interleukin-6 (IL-6) gene
on IL-6 transcription and plasma IL-6 levels, and an association with sys-
temic-onset juvenile chronic arthritis. J Clin Invest. 1998;102(7):1369-1376.
doi:10.1172/JCI12629

Kitamura A, Hasegawa G, Obayashi H, Kamiuchi K, Yano M, Tanaka T,
et al. Interleukin-6 polymorphism (-634C/G) in the promotor region and
the progression of diabetic nephropathy in type 2 diabetes. Diabet Med.
2002;19(12):1000-1005. doi:10.1046/j.1464-5491.2002.00844.x

Mittal RD, Manchanda PK. Association of interleukin (IL)-4 intron-3 and
IL-6 -174 G/C gene polymorphism with susceptibility to end-stage renal
disease. Immunogenetics. 2007;59(2):159-165. doi:10.1007/s00251-006-
0182-6

Ng DP, Nurbaya S, Ye SH, Krolewski AS. An IL-6 haplotype on human
chromosome 7p21 confers risk for impaired renal function in type 2
diabetic patients. Kidney Int. 2008;74(4):521-527. doi:10.1038/ki.2008.202
Okada R, Wakai K, Naito M, Morita E, Kawai S, Hamajima N, et al. Pro-/
anti-inflammatory cytokine gene polymorphisms and chronic kidney
disease: a cross-sectional study. BMC Nephrol. 2012;13:2. Published
2012 Jan 9. doi:10.1186/1471-2369-13-2

Zhang WG, Bai XJ, Chen DP, Lv Y, Sun XF, Cai GY, et al. Association
of Klotho and interleukin 6 gene polymorphisms with aging in Han Chi-
nese population. J Nutr Health Aging. 2014;18(10):900-904. doi:10.1007/
§12603-014-0470-z

Wang J, Chen R, Tang S, Lv X, Wu S, Zhang Y, et al. Analysis of IL-6,
STAT3 and HSPA1L gene polymorphisms in anti-tuberculosis drug-induced
hepatitis in a nested case-control study. PLoS One. 2015;10(3):e0118862.
Published 2015 Mar 19. doi:10.1371/journal.pone.0118862

43



44

BoL CoL Mex UroL. 2024;39(1)

58.

59.

60.

61.

Wang Z, Wu S, Liao J, Zhong L, Xing T, Fan J, et al. Interleukin-6 and
rs1800796 locus single nucleotide polymorphisms in response to hypoxia/
reoxygenation in hepatocytes. Int J Mol Med. 2016;38(1):192-200.
doi:10.3892/ijmm.2016.2595

Chang WT, Huang MC, Chung HF, Chiu Y, Chen P, Chen F, et al. Inter-
leukin-6 gene polymorphisms correlate with the progression of nephropathy
in Chinese patients with type 2 diabetes: A prospective cohort study.
Diabetes Res Clin Pract. 2016;120:15-23. doi:10.1016/}.diabres.2016.07.013
Zhang D, Xie M, Yang X, Zhang Y, Su Y, Wang Y, et al. Determination of
IL-1B (rs16944) and IL-6 (rs1800796) genetic polymorphisms in IgA nephro-
pathy in a northwest Chinese Han population. Oncotarget. 2017;8(42):71750-
71758. Published 2017 May 4. doi:10.18632/oncotarget.17603

Alkharsah KR, Alzahrani AJ, Obeid OE, Aljindan RY, Guella A, Al-Ali AK,
et al. Association between Hepatitis C Virus Viremia and the rs12979860,
152228145 and rs1800795 SNP (CT/AC/GG) Genotype in Saudi Kidney
Transplant Recipients. Saudi J Med Med Sci. 2020;8(1):46-52.
doi:10.4103/sjmms.sjmms_175_18

62.

63.

64.

65.

Oetting WS, Wu B, Schladt DP, Guan W, Remmel RP; Dorr C, et al.
Attempted validation of 44 reported SNPs associated with tacrolimus
troughs in a cohort of kidney allograft recipients. Pharmacogenomics.
2018;19(3):175-184. doi:10.2217/pgs-2017-0187

Azeez S, Daroga S. Proinflammatory cytokine IL-6 -174G/C (rs1800795)
gene polymorphism among patients with chronic renal failure. Invest Clin
2019, 60(3): 221-232.

Oetting WS, Schladt DP, Dorr CR, Wu B, Guan W, Remmel RP, et al.
Analysis of 75 Candidate SNPs Associated With Acute Rejection in
Kidney Transplant Recipients: Validation of rs2910164 in MicroRNA
MIR146A. Transplantation. 2019;103(8):1591-1602. doi:10.1097/
TP.0000000000002659

Rocha S, Valente MJ, Coimbra S, Catarino C, Rocha-Pereira P, et al.
Interleukin 6 (rs1800795) and pentraxin 3 (rs2305619) polymorphis-
ms-association with inflammation and all-cause mortality in end-stage-re-
nal disease patients on dialysis. Sci Rep. 2021;11(1):14768. Published
2021 Jul 20. doi:10.1038/s41598-021-94075-x



