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Abstract
The administration of immunosuppressive drugs affects the improvement of organ transplants. However, they can have a double
effect, because it is well established that immunosuppressive drugs may result in nephrotoxicity related to the development of
chronic graft dysfunction and acute rejection. The aim of the study was to determine a correlation between the therapeutic
effect of immunosuppressants and IL-6 -174G > C polymorphism in patients after renal transplantation. A total of 185
patients receiving cyclosporine (CsA) were involved. The genotype frequencies were determined using the real-time
polimerase chain reaction (PCR) method. The highest doses of cyclosporine were used for carriers of the GG genotype (GG:
196.00 mg vs GC: 169.70 mg and CC: 170.00 mg, p = 0.77). No such correlations were found for the determined blood
concentration of CsA, because carriers of the CC genotype had slightly lower mean drug concentration in the blood as
compared to the individuals with the GG and GC genotypes (CC: 112.41 ± 6.95 ng/mL vs GG: 119.08 ± 51.31 ng/mL and
GC: 135.24 ± 28.68 ng/mL, p = 0.78). In addition, a comparison of the IL-6 genetic variants and the biochemical parameters
found no potential risk for transplant rejection. However, the results obtained for creatinine suggest that patients with the CC
genotype and receiving CsA may be at high risk of kidney graft rejection. These results indicate that IL-6 polymorphism may
influence the dosage of immunosuppressive drugs in patients after transplantation as far as the individualization of therapy is
concerned.

Rezumat
Administrarea medicamentelor imunosupresoare afectează funcționalitatea transplanturilor de organe. Cu toate acestea, ele
pot avea un efect dublu, deoarece este bine stabilit că medicamentele imunosupresoare pot avea ca rezultat nefrotoxicitatea
legată de disfuncția cronică a grefei și a respingerii acute. Scopul studiului a fost de a stabili o corelație între efectul
terapeutic al imunosupresoarelor și polimorfismul interleukinei (IL)-6 -174G> C la pacienți, după transplant renal. Au fost
înrolați 185 de pacienți care au primit ciclosporină (CsA). Frecvențele genotipului au fost determinate utilizând metoda PCR
(polimerase chain reaction) în timp real. Cele mai mari doze de ciclosporină au fost utilizate pentru purtătorii genotipului GG
(GG: 196,00 mg față de GC: 169,70 mg și CC: 170,00 mg, p = 0,77). Nu au fost găsite corelații pentru concentrația
determinată în sânge a CsA, deoarece purtătorii genotipului CC au avut o concentrație medie mică de medicament în sânge,
comparativ cu indivizii cu genotipuri GG și GC (CC: 112,41 ± 6,95 ng/ml față de GG: 119,08 ± 51,31 ng/ml și GC: 135,24 ±
28,68 ng/ml, p = 0,78). În plus, o comparație a variantelor genetice IL-6 și a parametrilor biochimici nu a evidențiat nici un
risc potențial pentru respingerea transplantului. Cu toate acestea, rezultatele obținute pentru creatinină sugerează că pacienții
cu genotipul CC și care primesc CsA pot prezenta un risc crescut de respingere a grefei renale. Aceste date indică faptul că
polimorfismul IL-6 poate influența doza de medicamente imunosupresoare la pacienți după transplant.
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Introduction

of immunosuppressive drugs, such as cyclosporine
(CsA), affects the improvement of the organ
transplants, but it can lead to adverse reactions,
especially to nephro-toxicity associated with the

Kidney transplantation is the target treatment in the
event of irreversible renal failure. The application
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development of chronic transplant dysfunction, risk
of transplant loss, acute rejection, and increased
mortality among patients. Therefore, the search for
the optimal dosage regimen of immunosuppressive
drugs in patients after renal transplantation
continues.
The mechanism of action involves the inhibition of
calcineurin activation. Calcineurin, which is
responsible for the transcription of interleukin-2, plays
an important role in the proliferation and activation of
T lymphocytes [1]. The main effects of
immunosuppressive drugs include inhibition of the
activity of cytotoxic and helper lymphocytes, as well
as promotion of the suppressor cells. Hence, many
genetic factors unrelated to drug metabolism, such as
inflammatory and anti-inflammatory factors (TNF-α,
TGF-β, interleukins 1, 2, 4, 6, 8, 10, 12, interferon-γ,
TLR4), may affect graft survival [2-5].
Studies have shown that increased production of TNF-α
in the recipient may predispose them to acute or
chronic rejection, while overexpression of the IL-6
gene provides protection against chronic rejection.
In the case of reduced IL-6 gene expression, an
increase of TNF-α level is observed, which in turn
elevates the risk of rejection of the transplanted
organ [5-7].
IL-6 is a protein encoded by a gene located on
chromosome 7p15-p21 and consists of 212 amino
acids, including a signal sequence. Its molecular
weight of 21 to 28 kDa depends on the posttranslational
modifications. IL-6 is produced by a number of
immune system cells, such as monocytes,
macrophages, T cells, activated B lymphocytes,
neutrophils, natural killer cells, fibroblasts, endothelial
cells, keratinocytes, and muscle cells [8]. It
participates in megakaryopoiesis as well agranulopoiesis, and inhibits the production of pro-inflammatory
cytokines TNF-α and IL-1 [9].
It has been shown that the -174G>C polymorphism
of the IL-6 gene affects cytokine production. In
homozygous CC patients, IL-6 production is
decreased while GG homozygotes and GC
heterozygotes show a normal level of this
interleukin [10,11]. Therefore, it is considered that
polymorphisms of genes encoding interleukin-6 (IL6 -174G>C) and tumour necrosis factor alpha (TNFα -308G>A) affect the physiological production of
cytokines and may contribute to the occurrence of
kidney graft rejection [4, 5].
The aim of the study was to evaluate the influence
of IL-6 -174G>C polymorphism on the immunosuppressant dose (cyclosporine) in patients after
kidney transplantation. Patients who receive standard
doses of these drugs are often exposed to toxic drug
levels in the blood or are at risk of graft rejection
due to insufficient immuno-suppression.

Materials and Methods
Patients
The study group included 185 patients after kidney
transplantation who received immunosuppressive
therapy. The patients were recruited at the Division
of Nephrology and Kidney Transplantation,
Regional Public Hospital in Szczecin, Poland, and the
Department of General Surgery and Transplantation,
Pomeranian Medical University in Szczecin, Poland
in the years 2013 to 2015. The study was accepted by
the Bioethics Committee at Poznan University of
Medical Sciences and Pomeranian Medical University
in Szczecin, Poland. Patients were admitted
consecutively. All patients were informed about the
aim of the study and gave their written consent.
Clinical and biochemical parameters were analysed
in order to determine the potential risk of graft
rejection.
Genomic DNA isolation from venous blood samples
was performed according to the manufacturer's protocol
(QIAamp DNA Blood Mini Kit Qiagen, Germany).
DNA purity and concentration were measured by
spectrophotometry (EPOCH Spectrophotometer,
Biokom). The analysis of -174G>C polymorphism in
the IL-6 gene was determined by the real-time PCR
method using LightCycler® 480 (Roche Diagnostics).
Fluorescent dye-labelled hybridization probes were
used for genotyping. The analysis of the results was
based on the melting curve, using LightCycler® 480
Basic Software. A set of LightSNiPrs1800795 for IL6
polymorphism contains the appropriate concentrations
of specific primers and probes for the amplified
fragment, and was prepared according to the
manufacturer's instructions.
In addition, a fasting whole blood concentration of
the immunosuppressive drug was determined
before drug administration. The analysis was
performed using the ARCHITECT i2000SR
analyser (Abbott). The ARCHITECT System
Cyclosporine (Abbott) was used to determine the
drug concentrations based on a chemiluminescent
microparticle immunoassay (CMIA). Prior to the
initiation of the automated analysis, a manual pretreatment step, in which the whole blood sample
was extracted with a precipitation reagent and
centrifuged, was performed. The supernatant was
decanted into a Transplant Pre-treatment Tube,
which was placed onto the analyser. The functional
sensitivity of the ARCHITECT Cyclosporine assay
was designed as ≤ 30.0 ng/mL.
Statistical analysis
Statistical analysis was performed using SPSS
version 17.0. Allele and genotype frequencies were
assessed using the Pearson χ2 test. We also used the
Pearson χ2 test to assess the Hardy-Weinberg
equilibrium.
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The analysis of the clinical and biochemical
parameters and their relationship with IL-6
polymorphism was conducted using one-way
ANOVA (SPSS Inc.). The p-value of < 0.05 was
considered as statistically significant.

CsA in venous blood and the function of renal
allograft. Genotype frequencies of -174G>C
(rs1800795) poly-morphism in patients receiving
cyclosporine are presented in Figure 1. The frequency
distribution of the geno-types was consistent with
the Hardy-Weinberg equilibrium. The analysis of
selected clinical parameters between the carriers of
different -174G>C poly-morphism is presented in
Table I.

Results and Discussion
Our study investigated the effect of -174G>C polymorphism of the IL-6 gene on the concentration of

Figure 1.
Genotype frequencies of the -174G>C (rs1800795) polymorphism of the IL-6 gene in patients after
transplantation receiving cyclosporine (CsA)
Table I
Comparison of selected clinical parameters between genotypes of -174G>C polymorphism of IL-6 gene in patients
receiving cyclosporine (CsA)
Parameter

Genotype Number of patients
GG
51
GC
102
CC
31
Total
184
Height
GG
51
(cm)
GC
103
CC
31
Total
185
BMI
GG
51
(kg/m2)
GC
103
CC
31
Total
185
Systolic blood pressure
GG
51
(mmHg)
GC
103
CC
31
Total
185
Diastolic blood pressure
GG
51
(mmHg)
GC
103
CC
31
Total
185
Weigh
(kg)

Mean ± SD
77.97 ± 15.62
78.14 ± 16.20
82.16 ± 21.87
78.77 ± 17.10
172.18 ± 8.88
168.17 ± 9.24
171.00 ± 10.20
169.75 ± 9.44
26.29 ± 5.02
27.31 ± 5.60
27.85 ± 5.85
27.12 ± 5.49
131.86 ± 12.73
133.54 ± 13.35
131.45 ± 13.67
132.73 ± 13.20
81.57 ± 8.86
83.01 ± 7.52
84.35 ± 9.81
82.84 ± 8.32

The analysis of the CsA dosage based on the genotypes of -174G>C polymorphism of the IL-6 gene

SEM
2.19
1.60
3.93
1.26
1.24
0.91
1.83
0.69
0.70
0.55
1.05
0.40
1.78
1.32
2.46
0.97
1.24
0.74
1.76
0.61

95% CI
73.58 - 82.37
74.96 - 81.32
74.14 - 90.18
76.29 - 81.26
169.68 - 174.67
166.37 - 169.98
167.26 - 174.74
168.38 - 171.12
24.87 - 27.70
26.22 - 28.41
25.71 - 30.00
26.32 - 27.92
128.28 - 135.44
130.93 - 136.15
126.44 - 136.47
130.82 - 134.64
79.08 - 84.06
81.54 - 84.48
80.76 - 87.95
81.63 - 84.04

Min
50.00
46.00
40.00
40.00
154.00
150.00
152.00
150.00
20.08
17.81
17.31
17.31
110.00
100.00
110.00
100.00
60.00
65.00
60.00
60.00

Max
121.00
120.00
139.00
139.00
191.00
193.00
188.00
193.00
41.64
40.75
42.90
42.90
160.00
180.00
170.00
180.00
110.00
100.00
100.00
110.00

P
0.482

0.053

0.398

0.639

0.324

showed that patients with the GG genotype received
the highest mean dose of cyclosporine (GG: 196.00
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± 54.81 mg vs GC: 169.70 ± 65.78 mg and CC:
170.00 ± 39.61 mg, p = 0.77). Also, the maximum
doses of the drug were observed for patients with
the GC genotype (GC: 500.00 mg vs GG: 400.00
mg and CC: 250.00 mg). However, no such
correlations were found for the determined blood

concentration of CsA, because carriers of the CC
genotype had slightly lower mean drug concentration
in the blood as compared to the individuals with the
GG and GC genotypes (CC: 112.41 ± 36.95 ng/mL
vs GG: 119.08 ± 51.31 ng/mL and GC: 135.24 ±
28.68 ng/mL, p = 0.78) (Table II).

Table II
Comparison of selected biochemical parameters between genotypes of -174G>C polymorphism of IL-6 gene in
patients receiving cyclosporine (CsA)
Parameter

Genotype Number of patients
GG
51
GC
103
CC
31
Total
185
AST
GG
51
(U/l)
GC
103
CC
31
Total
185
Total cholesterol
GG
49
(mg/dL)
GC
99
CC
30
Total
178
Cholesterol-HDL
GG
39
(mg/dL)
GC
64
CC
19
Total
122
Cholesterol-LDL
GG
38
(mg/dL)
GC
64
CC
19
Total
121
Triglycerides
GG
39
(mg/dL)
GC
64
CC
19
Total
122
Total lipids
GG
39
(mg/dL)
GC
64
CC
19
Total
122
Creatinine
GG
51
(mg/dL)
GC
103
CC
31
Total
185
eGFR
GG
51
GC
103
CC
31
Total
185
Uric acid
GG
49
(mg/dL)
GC
102
CC
31
Total
182
Concentration of CsA in
GG
51
the blood
GC
103
(ng/mL)
CC
31
Total
185
Dosage of CsA
GG
50
(mg)
GC
100
CC
30
Total
180
ALT
(U/l)

Mean ± SD
18.29 ± 9.66
19.74 ± 12.10
18.65 ± 9.07
19.16 ± 10.97
21.18 ± 10.09
20.80 ± 8.66
19.19 ± 6.64
20.63 ± 8.77
187.06 ± 46.32
190.54 ± 37.44
181.57 ± 33.95
188.07 ± 39.47
64.13 ± 19.97
63.70 ± 20.19
58.07 ± 23.86
62.96 ± 20.65
95.00 ± 35.37
96.59 ± 36.85
94.37 ± 37.03
95.74 ± 36.13
142.87 ± 71.11
140.55 ± 64.49
148.89 ± 62.69
142.59 ± 65.93
640.77 ± 148.00
639.42 ± 133.41
634.11 ± 108.35
639.02 ± 133.78
1.63 ± 0.64
1.53 ± 0.59
1.85 ± 0.68
1.61 ± 0.63
32.08 ± 9.91
29.99 ± 7.38
29.64 ± 8.26
30.51 ± 8.55
7.29 ± 1.19
6.74 ± 1.47
7.24 ± 1.85
6.97 ± 1.49
119.08 ± 51.31
135.24 ± 28.68
112.41 ± 36.95
126.96 ± 61.73
196.00 ± 54.81
169.70 ± 65.78
170.00 ± 39.61
172.06 ± 61.73

SEM
1.35
1.19
1.63
0.81
1.41
0.85
1.19
0.64
6.62
3.76
6.20
2.96
3.20
2.52
5.47
1.87
5.73
4.61
8.50
3.28
11.39
8.06
14.38
5.97
23.70
16.68
24.86
12.11
0.09
0.06
0.05
0.07
1.09
1.10
1.11
1.19
0.17
0.15
0.33
0.26
7.18
5.58
6.64
11.60
8.17
6.58
7.23
4.60

95% CI
15.58 - 21.01
17.37 - 22.10
15.32 - 21.97
17.57 - 20.75
18.34 - 24.02
19.10 - 22.49
16.76 - 21.63
19.36 - 21.90
173.76 - 200.36
183.07 - 198.00
168.89 - 194.24
182.23 - 193.91
57.66 - 70.60
58.65 - 68.74
46.57 - 69.57
59.26 - 66.66
83.37 - 106.63
87.39 - 105.80
76.52 - 112.22
89.24 - 102.25
119.82 - 165.92
124.44 - 156.66
118.68 - 179.11
130.77 - 154.41
592.79 - 688.75
606.10 - 672.75
581.88 - 686.33
615.05 - 663.00
1.44 - 1.81
1.42 - 1.64
1.60 - 1.70
1.52 - 1.76
26.48 - 37.69
25.83 - 34.17
23.26 - 36.02
27.57 - 33.45
6.94 - 7.64
6.44 - 7.03
6.56 - 7.91
6.75 - 7.19
104.65 - 133.42
88.22 - 182.25
98.85 - 125.96
100.56 - 135.36
159.58 - 210.42
156.65 - 182.75
155.21 - 184.79
162.98 - 181.13

Min
6.00
3.00
7.00
3.00
12.00
10.00
11.00
10.00
80.00
117.00
124.00
80.00
27.60
31.50
31.20
27.60
48.00
36.00
42.00
36.00
48.00
52.00
58.00
48.00
430.00
450.00
431.00
430.00
0.67
0.73
1.06
0.67
15.93
18.62
14.96
14.96
4.40
3.70
4.10
3.70
89.00
95.60
47.70
47.70
100.00
100.00
100.00
100.0

Max
46.00
73.00
41.00
73.00
67.00
70.00
39.00
70.00
338.00
344.00
246.00
344.00
118.80
118.20
105.20
118.80
237.00
239.00
150.00
239.00
404.00
334.00
268.00
404.00
1070.00
1183.00
868.00
1183.00
3.81
4.12
4.31
4.31
57.68
59.63
53.14
59.63
9.60
10.30
10.90
10.90
256.00
315.90
172.00
315.90
400.00
500.00
250.00
500.00

p
0.717

0.589

0.542

0.533

0.962

0.890

0.984

0.040

0.808

0.056

0.778

0.772

ALT - alanine transaminase, AST - aspartate transaminase, eGFR - estimated glomerular filtration rate, *p < 0.05 - comparison between
genotypes and the analyzed parameters (one-way ANOVA test)
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The analysis of selected biochemical parameters between
the genotypes of -174G>C polymorphism in
patients treated with CsA showed a statistically
significant difference only for creatinine (GG: 1.63 ±
0.64 mg/dL, GC: 1.53 ± 0.59 mg/dL, CC: 1.85 ± 0.68
mg/dL, p = 0.04) (Table II). The obtained results for
creatinine suggest that patients with the CC genotype
and receiving CsA may be at high risk of kidney
graft rejection, taking into account that IL-6 174G>C polymorphism affects cytokine production,
causing its decrease in patients with the CC
genotype. Besides, there were no episodes of acute
rejection in the first 3 months after kidney

transplantation because the presented values of the
biochemical parameters, such as creatinine,
estimated glomerular filtration rate (eGFR), and
potassium after transplantation suggested a
successful transplant.
It needs to be highlighted that drug concentration to
dose ratio (C/D ratio) is considered optimal for
treatment evaluation and monitoring. Analysis of
correlations between C/D ratio and investigated 174G>C poly-morphism of the IL-6 gene showed
that the highest value of C/D ratio was observed for
the GG genotype (0.716 ± 0.279) as compared to the
CC genotype (0.687 ± 0.318) (Table III).
Table III
The concentration of the CsA in the blood to the dose of the drug (C/D ratio) depending on genotype for the IL-6
gene 174G>C polymorphism
174G>C
GG
GC
CC
Total

Mean ±SD

SEM

95% CI

Min

Max

p

0.716 ± 0.279
0.706 ± 0.288
0.687 ± 0.318
0.706 ± 0.289

0.039
0.028
0.056
0.021

0.637 - 0.794
0.649 - 0.762
0.572 - 0.801
0.664 - 0.747

0.20
0.02
0.01
0.01

1.60
1.75
1.57
1.75

0.322

Immunosuppressants, such as cyclosporine, which
are used to prevent allograft rejection after renal
transplantation, have a narrow therapeutic index.
Therefore, further studies are needed to
individualize immunosuppressive therapy in order to
prevent acute rejection. Insufficient levels of
immunosuppressive drugs may cause rejection
episodes, while excessively high drug levels
increase the risk for infection and lead to other
drug-specific
adverse
effects
such
as
nephrotoxicity, hyperlipidaemia, hypertension, and
post-transplant
diabetes
in
certain
patients.
Determination of the optimal dosage of these drugs
can significantly affect the fate of the transplanted
organ [12-15]. Much attention has been paid to the
studies on the impact of inflammatory processes on
transplant rejection. The intensity of the immune
response mainly depends on the cytokines which
exhibit anti-inflammatory and proinflammatory
effects. Differences in the expression may be due to
the presence of polymorphic variants of genes
encoding various cytokines, which can affect
immunosuppressant dose determination [16].
In our study we evaluated the effect of -174G>C
poly-morphism
in
the
IL-6
gene
on
immunosuppressive drug-dose to patients after
renal transplantation, and the potential risk for graft
rejection based on the analysis of the clinical and
biochemical parameters. This fact may be due to
genotype-dependent IL-6 expression because most
authors claim that the GC and GG genotypes
determine the increased IL-6 production, whereas the
CC genotype is responsible for the low level of
interleukin, which leads to increased production of
TNF-α and, consequently, to increased risk of kidney

graft rejection [5, 11, 17]. In the case of
cyclosporine, we observed that patients with the GG
genotype received the highest dose as compared to
the GC and CC geno-types. Also, blood
concentration of CsA remained at different levels
with respect to the examined genotypes of IL-6.
However, to the best of our knowledge, the
literature offers no studies on the possible
correlation between IL-6 polymorphism and
immunosuppressant dose. Only an analysis of the
genotype with the expression level of the IL-6 gene
was performed [5, 11]. Therefore, our study
represents a new approach to the individualization of
immunosuppressive therapy based on inflammatory
markers.
Moreover, Fishman et al. have demonstrated that an
increase of the IL-6 expression is associated with
the -174GG genotype [11]. Other studies have
indicated that the G allele of -174G>C
polymorphism leads to normal transcriptional
activity of the IL-6 promoter, while the C allele
reduces its activity [18]. In addition, it is concluded
that the presence of homozygous CC genotype
decreases the IL-6 level, while the GG and GC
genotypes affect the normal production of this
cytokine [19, 20]. Furthermore, an analysis of the
impact of -174G>C IL-6 polymorphism on the
outcome of transplantation revealed a 3-fold
increase of the risk of chronic kidney graft rejection
(CR) in -174CC homozygous recipients. It has been
suggested that the -174G allele reduces the risk of
CR [21]. Another study has shown that the presence
of the -174C allele increases the risk of graft loss
by over 3-fold, while an 8-fold higher risk of
rejection in the first three years after transplantation
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is observed in -174CC homozygotes [7]. The
presence of the -174GG genotype leading to high IL-6
expression affects long-term kidney function [22].
However, numerous other authors found no such
correlations [23-25].
An analysis conducted among a Hindu population
after kidney transplantation and in organ donors
showed that serum TNF-α level was lower in
patients with the GG genotype, while serum IL-6
level was higher in individuals with the GG genotype.
In addition, rejection of the organ was observed in all
patients who had higher TNF-α and IL-6 levels.
Hence, it was claimed that high levels of TNF-α
and IL-6 increase the risk of acute organ transplant
rejection [26]. In addition, Pawlik et al showed that
IL-6 -174 promoter poly-morphism may be a
genetic factor influencing renal allograft survival,
especially among renal transplant recipients with
the GG genotype (high expression of IL-6)
compared to the patients with the C allele [27].
So far, the examined IL-6 polymorphism has not
been found to be correlated with the dose of
immuno-suppressive drugs. Therefore, studies in
this area will help to solve the problem of therapy
personalization and simultaneously provide
valuable information on the effects of IL-6 on the
dosage regimen of immuno-suppressive drugs.
In addition, the risk of complications after organ
transplantation, for example acute rejection (AR) or
chronic rejection (CR), is connected not only with
factors dependent on the recipient, but also the
donor organ based on its genetic profile. It was
shown that in the donor, the -174CC genotype of
IL-6 is associated with the development of CR and
an increased risk of AR in the recipient, regardless
of histocompatibility complex HLA-DR [28, 29]. In
addition, the development of chronic interstitial
fibrosis with atrophy of renal tubules was often
associated with the -174CC genotype of the IL-6
gene [30]. However, other researchers have not
confirmed these findings [23].
It is well known that THE drug concentration of
CsA in blood is strongly associated with CYP3A
activity. However, the more we know about
pharmacogenetic factors, the more effectively we can
choose the therapy. Hopefully, in the near future we
will be able to create the genetic ID for each
patient. Similar conclusions are derived from
previously published data [31].

the clinical and genetic factors which may affect the
occurrence of rejection. Moreover, the results of
future studies can facilitate the selection of the
optimal treatment strategy with immunosuppressive
drugs in individualized therapy. The abovedescribed tendencies could be the call for extensive
studies including, e.g. drug pharmacokinetics. This is
more important, considering that cyclosporine is not
used only to treat patients after transplantation.
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