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KEYWORDS Abstract Background and Aim: Systemic inflammation is a hallmark of chronic kidney disease
Adipose tissue; (CKD) and obesity represents a major risk factor for CKD. We investigated the relationship
Cytokines; between plasma interleukin-6 (IL-6) and tumour necrosis factor-o. (TNF-a;) and the glomerular
Gene expression; filtration rate (GFR) in 75 stage 2—5 CKD patients.

Chronic kidney disease Methods and Results: We studied the steady-state relationship between plasma and subcuta-

neous adipose tissue (SAT) gene expression of the same cytokines in 19 patients and in 17 well-
matched healthy subjects (HS) and compared SAT gene expression of these cytokines and of
two additional cytokines (IL-1B and IL-8) in CKD patients and in HS.

Plasma IL-6 and TNF-a. were higher in CKD patients than in HS (P < 0.001). IL-6 was similarly
increased in patients with mild, moderate and severe CKD and largely independent of the GFR
(r = —0.03, P = NS). TNF-a was inversely related to GFR, which was the first factor in rank
(8 = —0.37, P = 0.001) explaining the variability in TNF-o. in CKD. SAT messenger RNA (mRNA)
levels of IL-6, TNF-a, IL- B and IL-8 were similar in CKD patients and in HS. Plasma and SAT
mRNA levels of IL-6 and TNF-a levels were largely unrelated.

Conclusions: Plasma IL-6 rises early in CKD and does not show any further increase at more
severe stages of CKD, whereas TNF-a. is inversely associated with the GFR indicating a substan-
tial difference in the dynamics of the relationship between these cytokines and renal function.
Cytokines are not overexpressed in SAT in these patients, and circulating IL-6 and TNF-c. are
dissociated from the corresponding mRNA levels in SAT, both in CKD patients and in HS.
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Introduction

It is now well recognised that even a mild-to-moderate
degree of kidney dysfunction predisposes an excess risk for
cardiovascular (CV) complications [1,2]. Although in the
general population traditional risk factors, such as hyper-
tension, diabetes or dyslipidaemia, explain most of the
excess risk for CV mortality, in chronic kidney disease (CKD)
patients non-traditional risk factors, including inflamma-
tion, also have a relevant impact on survival and cardio-
vascular complications [3—6]. Inflammation is considered as
a hallmark of CKD [7]. However, it is still undefined whether
this alteration is an early correlate of glomerular filtration
rate (GFR) loss or if it is a late phenomenon associated with
severe impairment of the GFR.

Obesity is currently considered as one of the most
relevant risk factors for CKD [8—10], and in the Framingham
Offspring study both visceral and subcutaneous adiposity
appeared to be associated with CKD [11]. Body fat excess is
associated with a chronic inflammatory response charac-
terised by abnormal cytokine production, increased acute-
phase reactants and the activation of pro-inflammatory
signalling pathways encompassing interleukin-6 (IL-6) and
tumour necrosis factor-o (TNF-a) [12—14]. Such an associ-
ation is causal in nature because even a small reduction in
body weight is accompanied by a decrease in the expression
of gene coding for inflammation proteins in obese individ-
uals [15]. Also plasma C-reactive protein (CRP) falls
considerably in proportion to body weight decrease after
dietary or bariatric surgery interventions [16]

Although the adipose tissue is an established major source
of inflammatory cytokines, the question whether fat excess
contributes to the inflammatory state of CKD is still unde-
fined. A study confined to 15 women on chronic dialysis
treatment reported an enhanced expression of TNF-o but not
of IL-6 in subcutaneous and visceral adipose tissue [17].
However, dialysis patients form a small and highly selected
segment of the CKD population and survival to competing risk
factors and nutritional disorders constitute objective limi-
tations for generalising findings in this population of early
and intermediate stages of CKD. The relationship between
circulating and adipose tissue cytokines in pre-dialysis CKD,
that is the largest segment of the CKD population and one of
the most common chronic diseases with a worldwide preva-
lence of about 10%, has never been investigated. With this
background in mind, we studied the relationship between
plasma cytokines and the GFR, and investigated the steady-
state relationship between circulating and subcutaneous
adipose tissue gene expression of cytokines, across the whole
spectrum of CKD in a sizable series of CKD patients.

Methods

The study protocol conformed to the ethical guidelines of
our institution, and informed consent was obtained from
each participant.

Patients and controls

The measurement of the plasma concentrations of IL-6 and
TNF-o was performed in 75 stage 2—5 CKD incident patients

referred to our unit. The causes of renal disease were:
inherited renal disease in four patients [autosomal domi-
nant polycystic kidney disease (ADPKD) in three and Alport
syndrome in one]; interstitial nephritis in four; glomerulo-
nephritis in 27; nephroangiosclerosis in 11; and unknown in
29. The mean age of the CKD patients was 52 + 16 years
(43 M and 32 F). Twenty-one were obese (28%), 28 were
overweight (37%) and the remaining 26 (35%) had normal
body weight. Thirteen patients had a history of major
cardiovascular events (myocardial infarction/stroke).
Thirty-six patients were habitual smokers and 69 patients
(92%) were on anti-hypertensive treatment. The main
demographic, somatometric and clinical and biochemical
characteristics of the patients included in the study are
detailed in Table 1. As control subjects, we enrolled 33
healthy individuals accurately matched to patients in age,
sex and BMI.

Plasma cytokines

In CKD patients and in controls, fasting blood sampling was
performed early in the morning within 1 h of the surgical
intervention, and plasma was stored at —80 °C until anal-
ysis. Glomerular filtration rate was estimated (eGFR) using
the Modification of Diet in Renal Disease (MDRD) formula
derived by Levey et al. [18] All IL-6 and TNF-a. measure-
ments were performed in duplicate by R&D kits following
the manufacturer’s protocol.

Gene expression studies

The mRNA expression of inflammatory cytokines was
measured in a group of 19 pre-dialysis CKD patients (obese,
n = 3 (16%); overweight, n = 8 (42%); and normal weight
patients, n = 8 (42%)) and 17 age, sex and BMI-matched
healthy subjects (Table 2). In the 19 CKD patients, the cau-
ses of renal disease were: inherited renal disease in three
patients (ADPKD in two and Alport syndrome in one); inter-
stitial nephritis in four; glomerulonephritis in four; neph-
roangiosclerosis in two; and unknown in six. The two groups
of CKD patients and healthy subjects (HS) were similar to the
previously mentioned groups (CKD patients and controls
where measurements of plasma cytokines were performed)
for demographic and clinical characteristics.

Subcutaneous adipose tissue was harvested by peri-
umbilical fat biopsy in three CKD patients and during elective
surgery procedures both in remaining CKD patients (perito-
neal dialysis catheter insertion in seven patients, renal
biopsy in three, arteriovenous fistula positioning in five and
cholecystectomy in one) and in healthy subjects (inguinal
hernia in 12 patients, thyroidectomy in one, prostatic
adenomain one, anal fissure in one, pyeloureteral stenosis in
one and hysterectomy for uterine fibroma in one).

Samples of adipose tissue were processed immediately
after surgery to remove the stromal—vascular component
from the adipose one, which was used for RNA extraction.
Total RNA was isolated from adipose tissue finely chopped
by hand using TRIzol reagent (Invitrogen, Carlsbad, CA,
USA), following the manufacturer’s instructions. Each RNA
sample underwent a second extraction step by means of
the Perfect RNA Mini Kit (Eppendorf, Hamburg, Germany),
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Table 1 Main clinical, biochemical and haemodynamic characteristics of CKD patients and HS who underwent plasma
measurement of inflammatory cytokines.

Normal subject CKD patients P

(n = 33) (n = 75)
Demographic data
Age (years) 50+ 9 52 £ 16 0.36
Male sex n. (%) 18 (55%) 43 (57%) 0.79
Smokers n. (%) 15 (45%) 36 (48%) 0.57
Diabetics n. (%) - 13 (17%) -
Patients with previous AMI/stroke n. (%) — 13 (17%) —
On anti-hypertensive treatment n. (%) = 69 (92%) =
BMI (kg/m?) 28 + 4 28 +5 0.87
BMI distribution
Normal weight (BMI <25 kg/m?) n. (%) 7 (21%) 26 (35%) 0.35
Overweight (BMI ranging from 25 to 30 kg/m?) n. (%) 16 (49%) 28 (37%)
Obese (BMI > 30 kg/m?) n. (%) 10 (30%) 21 (28%)
Office blood pressure
Systolic pressure (mmHg) 122 + 17 129 + 17 0.03
Diastolic pressure (mmHg) 80 + 7 79 + 10 0.43
Heart rate (beats/min) 73 £ 11 73 £ 11 0.84
Biochemical data
Haemoglobin (g/dL) 13.7 £ 1.7 12.5 £ 1.8 0.001
Cholesterol (mg/dL) 186 + 36 174 + 40 0.15
Triglycerides (mg/dL) 98 + 48 155 + 84 <0.001
Albumin (g/dL) 4.0 + 0.6 3.9 £ 0.6 0.62
Creatinine (mg/dL) 0.85 + 0.18 2.83 + 1.56 <0.001
GFR (ml/min/1.73m2)(MDRD) 91 + 13 28.9 + 13.4 <0.001
Glucose (mg/dL) 94.5 + 8.1 99.9 + 24.4 0.10
Calcium (mg/dL) 9.1 £ 0.5 9.0 + 1.0 0.50
Phosphate (mg/dL) 3.1 £ 0.4 40+ 1.1 <0.001

Data are expressed as mean + SD, or as a percentage of frequency, as appropriate.

according to the manufacturer’s instructions. Total RNA
was treated with the DNA-free kit (Ambion, Austin, TX,
USA) to digest contaminating genomic DNA. The integrity of
the RNA samples was ascertained on 1% agarose gel, and
the concentration was determined spectrophotometrically
(NanoDrop 1000, Thermo Fisher Scientific Inc.). Single-
stranded complementary DNA (cDNA) was synthesised
using High-Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, Foster City, CA, USA) and then pre-
amplified with TagMan PreAmp Master Mix Kit (Applied
Biosystems, Foster City, CA, USA) following the manufac-
turer’s protocol.

Measurement of tissue cDNA levels was performed by
real time polymerase chain reaction (RT-PCR) by use of
a 7300 Real Time PCR System (Applied Biosystems, Foster
City, CA, USA). Pre-validated TagMan Gene Expression
Assays from Applied Biosystems were used to test the
expression of 18S, IL-1b, IL-6, IL-8 and TNF-a genes (18S,
Hs99999901-s1; IL-1b, Hs Hs00174097-m1; IL-6, Hs00174131-
m1; IL-8, Hs00174103-m1; and TNF-a, Hs00174128-mf1;
Applied Biosystems). The RT-PCR was performed sepa-
rately for each gene and all genes were run in triplicate.
Controls with no template cDNA were introduced in each
plate. The increase of fluorescence was measured in real
time and data were obtained as threshold cycle (Ct) values.

To compensate for variation in input RNA amounts and
efficiency of enzymatic reactions, the ‘housekeeping’ gene
18S was used as a reference gene. The relative quantifi-
cation value of the target genes IL-18, IL-6, IL-8 and TNF-
o was calculated using the comparative Ct (threshold cycle)
method and expressed as 2722¢t (fold difference) [19]).

Statistical analysis

Data are expressed as mean =+ SD (normally distributed
data); geometric mean and range (not normally distributed
data); or as percentage frequency. Comparisons between
two groups were made by T-Test, Mann—Whitney U test or
chi-squared test, as appropriate. The strength of the
association between two continuous variables was assessed
by Pearson product moment correlation coefficient and
P value. Variables that showed a positively skewed distri-
bution were log transformed (lg;o) before the correlation
study.

The independent relationship between inflammatory
cytokines and eGFR in CKD patients, was identified by
multiple linear regression analysis adjusting for all potential
confounders. That is (1) variables which were related to both
exposure (eGFR) and study outcomes (inflammatory cyto-
kines) with P < 0.10; (2) which were not an effect of the
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Table 2 Main clinical, biochemical and haemodynamic characteristics of CKD patients and HS who underwent mRNA

measurement of inflammatory cytokines.

Healthy subjects (n = 17)

CKD patients (n = 19) P

Demographic data

Age (years)

Male sex n. (%)

Smokers n. (%)

Diabetics n. (%)

Patients with previous AMI/stroke n. (%)
On anti-hypertensive treatment n. (%)
BMI (kg/m?)

BMI distribution

Normal weight (BMI <25 kg/m?) n. (%)

Overweight (BMI ranging from 25 to 30 kg/m?2) n. (%)
Obese (BMI >30 kg/m?) n. (%)

Office blood pressure
Systolic pressure (mmHg)
Diastolic pressure (mmHg)
Heart rate (beats/min)

Biochemical data
Haemoglobin (g/dL)
Cholesterol (mg/dL)
Triglycerides (mg/dL)
Albumin (g/dL)
Creatinine (mg/dL)
GFR (ml/min/1.73 m?)
Glucose (mg/dL)
Calcium (mg/dL)
Phosphate (mg/dL)

53 + 15 52 + 14 0.82
13 (77%) 12 (63%) 0.39
10 (58%) 10 (53%) 0.71

- 2 (11%) -

- 2 (11%) -

- 14 (74%) -

26 +3 26+ 4 0.98

6 (35%) 8 (42%) 0.81

9 (53%) 8 (42%)

2 (12%) 3 (16%)

122 + 13 129 + 21 0.27
72+9 77 £ 10 0.18
69 + 8 71 £ 10 0.60
14.4 £ 1.7 1.7+ 1.4 <0.001
194 + 30 179 + 43 0.29
101 + 43 129 + 44 0.07
4.4+05 41+0.5 0.11
0.91 + 0.14 6.66 + 4.32 <0.001
89 + 14 14 + 12 <0.001
91+9 85 + 13 0.11
9.1 + 0.5 8.9+ 1.0 0.62
3.2+0.7 5.4+ 1.7 <0.001

Data are expressed as mean + SD or as a percentage of frequency, as appropriate.

exposure; and (3) that were not in the causal pathway
between the exposure and outcomes [20]. Data are expressed
as a standardised regression coefficient (8) and P value.
Segmented linear regression analysis (breakpoint anal-
ysis) [21] was performed to establish whether the GFR
inflammation biomarkers relationships were linear or non-
linear and if a breakpoint in eGFR exists that minimises the
residual sum of squares of these relationships. The break-
point analysis was carried out using standard, freely down-
loadable statistical software (SegReg program, available on
the website http://www.waterlog.info/segreg.htm). All
calculations except breakpoint analysis were carried out
using Statistical Package for Social Sciences (SPSS) for
Windows Version 9.0.1, 11 March 1999, Chicago, IL, USA.

Results

Demographic, somatometric clinical and biochemical data
of the main study population are reported in Table 1. The
average systolic pressure was 7 mmHg higher in CKD
patients than in HS. Moreover, CKD patients had lower
haemoglobin and higher serum triglycerides and phosphates
when compared with HS (Table 1). No difference was
observed between CKD patients and HS in the distribution
of BMI classes (Table 1). IL-6 and TNF-a were significantly
higher in CKD patients than in HS (Fig. 1).

Plasma levels of inflammatory cytokines and renal
function in CKD patients and in HS

Plasma levels of IL-6 similarly increased in patients with mild-
to-moderate (stage 2—3 CKD) (geometric mean:
1.24pgml~", range: 0.7—121 pg ml~") and severe CKD (stage
4-5 CKD) (geometric mean: 1.70 pg ml~", range: 0.7—78 pg/
ml~") and largely unrelated to the eGFR (r = —0.03, P = NS).
By contrast, TNF-a was inversely related to eGFR in CKD
patients (r = —0.36, P = 0.001), and, in an aggregate anal-
ysis, including CKD patients and HS the value of 81 ml min™"
1.73 m~2 was identified as the threshold level below which
TNF-o. accumulates as the eGFR deteriorates (Fig. 2). In
a multiple linear regression model in CKD patients, the eGFR
was the first factorin rank (8 = —0.37, P = 0.001) explaining
the variability in plasma TNF-«, followed by serum albumin
(8 = —0.24, P = 0.03). Further data adjustment for serum
cholesterol, diabetes, calcium, phosphate, anti-
hypertensive treatment and previous CV events did not
change these results (data not shown).

Plasma and subcutaneous adipose tissue cytokines
gene expression in CKD patients and HS

Demographic, clinical and biochemical data in CKD patients
and HS, who underwent simultaneous plasma and adipose
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tissue gene expression measurements, are summarised in
Table 2. Even though IL-6 gene expression levels tended to
be higher (P = 0.07) in CKD patients than in HS, the data
distribution showed substantial overlapping between
groups (Fig. 3). Similarly, the gene expression levels of TNF-
a, IL-1B and IL-8 did not differ and comparisons between
CKD patients and HS for these cytokines were all largely
non-significant (Fig. 3). In a combined analysis of CKD
patients and HS, gene expression levels of IL-6 and TNF-« in
subcutaneous adipose tissue were unrelated to the corre-
sponding plasma levels of these cytokines (Fig. 4), and this
was also true in a separate analysis by gender (P ranging
from 0.17 to 0.83). The underlying diagnosis of renal
disease did not affect the relationship between plasma and
gene expression levels of IL-6 and TNF-a (P ranging from
0.31 to 0.52).

TNF-a (pg/mL)

35
30
25 o
@ o
20 o L)
° o
15 S o

breakpoint
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Figure 2 Relationship between GFR and TNF-a plasma levels
in an aggregate analysis of CKD patients (grey circles) and
healthy subjects (HS) (open circles). The breakpoint analysis of
the regression line between TNF-a and GFR is also shown (see
text for details).
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IL-6 and TNF-a. plasma levels in CKD patients (grey circles) and healthy subjects (HS) (open circles).

Discussion

This study shows that plasma IL-6 undergoes an early
increase in chronic nephropathies and does not show any
further increase in moderate and severe CKD, whereas TNF-
a. is inversely associated with eGFR indicating a substantial
difference in the dynamics of the relationship between
these cytokines and renal function. Furthermore, we show
that these cytokines, as well as IL-1B and IL-8, are not
overexpressed in subcutaneous adipose tissue in these
patients and that circulating IL-6 and TNF-« are dissociated
from the corresponding mRNA levels in this adipose tissue
compartment, both in CKD patients and in HS.

Plasma levels of inflammatory cytokines and renal
function

A low-grade inflammation is recognised as a common
feature of chronic renal failure. A significant increase in
cytokine plasma levels was described in the mid-1990s by
Descamps-Latscha et al., in patients with varying degrees
of renal failure [22]. In the present study, we specifically
focussed on the link between two major adipose tissue
cytokines, IL-6 and TNF-o, and the severity of renal
disease. We found that plasma levels of these cytokines
were higher in stage 2—5 CKD patients than in control
subjects, but differed substantially regarding their rela-
tionship with the GFR. Elevated IL-6 levels have been
recently reported in CKD patients and were found to be
predictive of clinical outcomes in this population [23]. Our
finding that circulating levels of Il-6 increase similarly in
patients with mild-to-moderate and severe CKD would
support the hypothesis that raised IL-6 in CKD, represents
an early response to renal disease rather than a mere
accumulation phenomenon attributable to loss of renal
function. While plasma IL-6 evenly increased in CKD,
plasma TNF-o. was strictly GFR-dependent reaching the
highest levels in severe CKD. Of note, by the application of
breakpoint analysis, we identified 81 ml min~" 1.73 m~2 as
the GFR threshold below which this cytokine starts
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Figure 3  Gene expression levels of IL-6, TNF-a, IL-1B and IL-8 in CKD patients (grey circles) and healthy subjects (HS) (open
circles) who underwent simultaneous plasma and mRNA measurements of inflammatory cytokines.

accumulating in CKD. In this respect, our data are in
keeping with experiments in mice, showing that the kidney
is fundamental for TNF-a clearance [24,25]. Although the
inflammatory role of TNF-«. is well recognised, the fact that
this cytokine, at least in part, reflects reduced renal
clearance, makes it a questionable indicator of the severity
of systemic inflammation in CKD.

mRNA levels of inflammatory cytokines in adipose
tissue

Obesity is associated with inflammation and a meta-analysis
of studies of body weight reduction, either by dietary or
surgical interventions, coherently confirmed the pro-
inflammatory effect of fat excess [16]. While confirming
that plasma levels of IL-6 and TNF-a are substantially
increased in CKD patients, we for the first time also show
that the gene expression of these pro-inflammatory cyto-
kines, as well as those of two major cytokines such as IL-
B and IL-8, are not up-regulated in the subcutaneous adipose
tissue of CKD patients in comparison with age-, sex and BMI-
matched healthy controls. This indicates that over-
expression of TNF-o in subcutaneous and visceral adipose

tissue in women maintained on chronic dialysis [17] is a late
phenomenon confined to end-stage renal disease and that it
is highly unlikely that subcutaneous adipose tissue contrib-
utes to systemic inflammation in pre-dialysis CKD patients.
Subcutaneous and visceral adipose tissues represent
substantially different compartments of adipose mass
regarding their relationship with metabolic risk factors [26].
It was shown that both subcutaneous and visceral adipose
tissue are associated with CKD in the Framingham Offspring
study [11], an epidemiological finding which agrees with
recent findings in obese individuals where subcutaneous and
visceral adipose tissue display analogous pro-inflammatory
gene expression levels [27]. Even though these observa-
tions may suggest that our data in subcutaneous adipose
tissue may be generalised to the corresponding visceral
compartment, we believe that studies extended to visceral
adipose tissue should be performed to complete the char-
acterisation of the adipose tissue—inflammation link and to
see whether a GFR threshold exists below which adipose
tissue cytokines expression is up-regulated in CKD.

In conclusion, plasma IL-6 increases early in CKD and
does not show any further increase at more severe stages of
CKD, while TNF-a is inversely associated with the GFR
indicating a substantial difference in the dynamics of the
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Figure 4 Relationships between circulating and adipose tissue gene expression levels of IL-6 and TNF-o in CKD patients (grey
circles) and healthy subjects (HS) (open circles) who underwent both plasma and mRNA measurements.

relationship of these cytokines with renal function.
Furthermore, systemic inflammation in CKD patients
appears to be a phenomenon largely independent from
cytokines gene expression in subcutaneous adipose tissue in
these patients. Inflammation in CKD may depend on diffuse
activation of macrophages in the reticuloendothelial
system rather than on augmented synthesis in adipocytes
and/or macrophages in adipose depots. Whether an over-
production of cytokines confined to visceral adipose tissue
contributes to raise IL-6 and TNF-a in CKD is an issue
deserving specific studies in this population.
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