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Abstract
Purpose: This study aimed to evaluate cytokine levels in plasma samples over time from living-donor renal
transplant recipients with no evidence of pathological and clinical rejection at least 1 year post-procedure.
Methods: We examined plasma cytokine levels in 15 living-donor renal transplant recipients who were treated at
our hospital from 2015 to 2018 and who presented with no evidence of pathological or clinical rejection for 1 year
or longer. We collected blood samples before renal transplantation and at 1 week and 1 year post-procedure. We
evaluated levels of 40 cytokines in plasma using Bio-Plex Pro™ Human Chemokine Assay kit.
Results: We detected no increase in plasma cytokine levels at either the 1 week or the 1 year time points. Plasma
levels of 22 cytokines remained stable throughout and levels of 18 cytokine decreased after transplantation.
Conclusion: Plasma cytokine levels remained unchanged or were decreased in our patient cohort that included
stable cases of living-donor renal transplantation. Our results suggest that renal transplantation may promote
amelioration of chronic inflammation associated with end-stage renal failure and dialysis.
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Background
Approximately 38,000 patients begin renal dialysis each
year in Japan, while the number of renal transplantations
remains low, at 1800 a year. The 5-year rejection rate
after living-donor renal transplantation is 7% and the
10-year rate is 15% according to the Factbook 2018;
these numbers indicate that there is significant loss of
transplant function over a relatively brief period of time.
The most frequent reason for loss of transplant function
is chronic rejection. Early diagnosis of chronic rejection
is critical; once symptoms appear, including proteinuria
and decreased renal function, treatment options are limited and unfavorable outcomes are likely. At the present
time, chronic rejection is diagnosed by renal biopsy;
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there are no minimally invasive methods available for
real-time diagnosis. Toward this end, we focused on
plasma cytokines, as levels of these immune/inflammatory mediators may vary in response to surgical invasion
and immunosuppressant therapy.
Previous reports have focused on an association between acute rejection within 3 months of the renal transplantation procedure and levels of serum cytokines [1–4];
others have focused on the association of cytokine levels
with progression to end-stage renal failure, uremia, and
modulations in response to dialysis [5]. However, to the
best of our knowledge, there are no reports that have examined the changes in cytokine levels over time in a comprehensive manner for a period of 1 year or longer among
patients with successful renal transplantation. Here, we
evaluated levels of 40 distinct cytokines in 15 living-donor
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recipients both prior to and at time points after successful
renal transplantation.

Materials and methods
This was a retrospective cohort study. Of the 30 livingdonor renal transplantations carried out at the Department of Urology, Iwate Medical University, from 2015 to
August 2018, we identified 15 cases that could be
tracked for 1 year or longer who presented with no signs
or symptoms of clinical or pathological rejection. One
case is excluded because of acute rejection within 1 week
after transplantation.
One out of 30 living-donor renal transplantations carried out at the Department of Urology, Iwate Medical
University, from 2015 to August 2018 had acute rejection and 3 had chronic rejection. The rate of rejection of
transplant cases at our hospital was almost the same as
the reports so far.
We collected blood samples (10 ml in tubes with sodium ethylenediamine tetra-acetic acid (EDTA) anticoagulant) before renal transplantation, and at 1 week
and 1 year after transplantation; samples were stored at
4 °C until initial processing. To evaluate plasma cytokine
levels, blood cells were pelleted by centrifugation at
1500 rpm for 5 min; supernatants were separated and
dispensed into micro Spitz tubes, and stored it at −
80 °C. The 40 cytokines evaluated using the Bio-Plex
Pro™ Human Chemokine Assay (Bio-Rad, Hercules, CA,
USA) include IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-16,
CCL1, CCL2, CCL3, CCL7, CCL8, CCL11, CCL13,
CCL15, CCL17, CCL19, CCL20, CCL21, CCL22, CCL23,
CCL24, CCL25, CCL26, CCL27, CXCL1, CXCL2,
CXCL5, CXCL6, CXCL9, CXCL10, CXCL11, CXCL12,
CXCL13, CXCL16, CX3CL1, IFN-γ, MIF, GM-CSF, and
TNF-α. We used statistical analysis software JMP11.0
(SAS Institute Japan Co.) and analyzed cytokine concentrations from blood plasma collected prior to transplantation, and at 1 week and 1 year after transplantation, by
the paired t tests with p value < 0.05 as statistically
significant.
Results
The average age of the patients in our study cohort was
32 years (range, 13 to 64 years); 11 of the transplant recipients were male and four were female. With respect
to ABO blood typing, nine of the living-donor transplants were matched to the recipient, four were nonmatched, and two were incompatible. With respect to
HLA matching, 12 of the living-donor transplants had
three mismatches, one case had four mismatches, and
three cases had five mismatches. The mean period of
dialysis prior to transplant was 12 months (range 0 to
72 months). Primary diagnoses included diabetic nephropathy (four cases), IgA nephropathy (three cases),
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Table 1 Baseline characteristics of the study population (n = 15)
Recipient age, years

38.3 (13-64)

Recipient gender, males / females, n

12 / 3

Blood type
Conformity / mismatch / incompatibility, n

9/4/2

HLA mismatch 2/3/4/5, n

1/10/2/2

Dialysis period, months

9.7 (0-28)

Underlying disease, n
Diabetic /IgA

5/3

Alport syndrome / Hypoplastic kidney

2/2

ANCA / Unknown

1/2

Donor age, years

53.9 (24-70)

Relationship with recipient
father / mother / husband / wife

3/6/1/5

Data are expressed as the mean (median (IQR))

hypoplastic kidney (two cases), antinuclear cytoplasmic
antibody (ANCA)-associated glomerulonephritis (two
cases), Alport syndrome (one case), and unknown etiology (three cases). The average age of the donors was
55 (range 24 to 70). The relationship of the donor to the
recipient included father (four cases), mother (five
cases), husband (one case), or wife (five cases; Table 1).
The immunosuppressant regimens included basiliximab
(BXM), methylprednisolone (mPSL), tacrolimus (FK),
and mycophenolate mofetil (MMF). Clinical parameters
including estimated glomerular filtration rate (eGFR),
serum C-reactive protein (CRP), and white blood cell
count (WBC), including cell differential (neutrophils
(Neut)), were examined (Table 2).
There is no statistically significant difference in eGFR
between at 1 week and 1 year after transplantation, and
there are no clinically suggestive findings of transplant
rejection (p = 0.622: paired t tests with p value < 0.05 as
statistically significant). WBC and Neut increased significantly at 1 week after transplantation due to the effect of
surgical invasion (p = 0.02, p = 0.0004), but 1 year after
transplantation, there was no statistically significant difference and no findings suggestive of chronic
Table 2 Clinical factors (n = 15)
Clinical factors (n = 15)
Pre ope

1week
later

1year later

eGFR(ml/min/1.73 m2)
(median, IQR)

4.60(2.2014.9)

45.7(15.085.6)

49.5 (36.172.4)

CRP(mg/dl) (median, IQR)

0.01(0.010.85)

0.19(0.0124.3)

0.01(0.010.10)

WBC(×103/μl) (median, IQR)

5.96(3.9811.3)

8.66(5.1418.3)

6.75(3.9611.3)

Neut(%) (median, IQR)

61.7(47.772.1)

73.4(62.292.3)

64.9(39.681.5)
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Fig. 1 A typical response. No statistically significant differences over time period including pre-procedure to 1 week or 1 year after
transplantation were detected for plasma levels

inflammation or rejection were found. CRP showed no
significant changes between at 1 week and 1 year after
transplantation (p = 0.26, p = 0.19).
No statistically significant differences over time period
including pre-procedure to 1 week or 1 year after transplantation were detected for plasma levels of IL-1β, IL-2,
IL-6, IL-8, IL-10, IL-16, CCL2, CCL15, CCL17, CCL19,

CCL20, CCL24, CXCL2, CXCL5, CXCL6, CXCL10,
CXCL11, CXCL12, CXCL13, IFN-γ, MIF, and GM-CSF.
Figure 1 includes a typical response.
Plasma cytokine levels that undergo significant decreases at 1 week but not at 1 year after transplantation
include CCL11, CCL21, CCL26, CXCL1, and IL-4 (Fig. 2).

Fig. 2 Plasma cytokine levels that undergo significant decreases at 1 week but not at 1 year after transplantation include CCL11, CCL21, CCL26,
CXCL1, and IL-4
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Fig. 3 Plasma cytokines that undergo significant decreases both at 1 week and at 1 year after transplantation include CCL1, CCL3, CCL7, CCL8,
CCL13, CCL22, CCL25, CCL27, TNF-α, CXCL9, and CX3CL1

Plasma cytokines that undergo significant decreases
both at 1 week and at 1 year after transplantation include CCL1, CCL3, CCL7, CCL8, CCL13, CCL22,
CCL25, CCL27, TNF-α, CXCL9, and CX3CL1 (Fig. 3).
Plasma cytokines that undergo significant decreases at
1 year but not at 1 week after transplantation include
CXCL16 and CCL23 (Fig. 4). Of particular note, we detected no significant increases in any of the plasma cytokines when comparing pre-procedure levels to those

detected at either 1 week or 1 year after transplantation
(Table 3).

Discussion
Numerous cytokines and chemokines are implicated in
the pathogenesis of renal dysfunction [6–9]. Chemokines
are cytokines with common structural features that
function mainly to promote migration and infiltration of
immune cells. Chemokines are further classified into CC

Fig. 4 Plasma cytokines that undergo significant decreases at 1 year but not at 1 week after transplantation include CXCL16 and CCL23

12473.33 ±
9839.38

5811.56 ±
4281.94
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5630.26
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period CCL21
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SD
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pg/ml

19.60
± 18.27

16.59
± 7.56

19.40 ±
5.56

CXCL13

Table 3 Cytokine measurement results

1000.52
± 394.86

925.77
± 346.57

1790.13 ±
593.79

CCL27

0.00
56.47
±
±
194.65 20.64

0.00
45.93
±
±
343.79 12.50

136.18 55.86
±
±
469.44 15.70
246.75
±
140.23

345.29
±
182.12

245.69 19.75 179.98
±
± 5.75 ± 64.10
111.16

191.55 15.75
±
±
134.43 11.76

287.97 21.63
±
±
135.48 17.38

39.04
±
14.73

33.14
±
19.09

39.27
±
19.66

14.90
±
17.28

18.60
±
27.01

34.91
±
25.94

CXCL5 CCL11 CCL24 CCL26 CX3CL1 CXCL6 GMCSF

IL-8

IL-10

213.38 180.10 34.43 14.60 1.78
±
±
±
±
±
33.61 116.50 12.42 19.41 1.60

18.34 27.98 7.69
±
±
±
5.62 6.75 5.19

10.80 6.25
±
±
3.83 18.15

20.67 18.44 12.67 13.35 20.02
±
±
±
±
±
10.43 7.24 17.74 6.48 28.43

IL-6

160.44 186.03 33.19 27.12 2.44
±
±
±
±
±
42.57 125.01 21.01 34.67 1.33

IL-4

19.32 23.27 10.61 14.19 32.29
±
±
±
±
±
9.81 5.99 13.18 8.01 33.43

IL-2

201.45 156.83 42.56 35.43 2.63
±
±
±
±
±
43.23 91.26 21.90 37.43 2.18

CXCL1 CXCL2 CCL1 IFN-γ IL1b
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537.20
±
1017.63

140.13
158.63
± 697.68 ±
148.82

Median ±
SD

Median ±
SD

133.91
±
104.01

719.81
174.19
± 539.84 ±
135.67

Median ±
SD

25.59
± 21.76

21.47
± 15.75

24.13
± 16.96

40.89
±
34.49

41.09
±
32.11

49.14
±
42.07

CXCL10 CXCL11 CCL2

IL-16

pg/ml

66.33
±
32.85

37.55
±
20.87

82.70
±
43.24

CCL8

Table 3 Cytokine measurement results (Continued)

41.08
±
35.53

59.87
±
62.54

83.75
±
57.79

CCL7

78.71
±
44.87

69.79
±
35.08

1972.11
±
6571.88

MIF

323.15
±
250.46

1453.29
±
1127.83

136.37 1312.82
± 75.55 ±
3030.65

127.37 581.03
±
±
58.23 316.65

CCL13 CCL22

108.73
7.29
± 228.67 ±
6.33

6100.86
±
4917.77

6084.18
±
7531.81

11.55 8047.42
±
±
4.13 6553.79

CCL3 CCL15

258.29
7.06
± 492.97 ±
3.15

773.39
±
1042.89

CXCL9

84.99
±
153.41

268.98
±
256.15

341.72
±
370.18

6.34
195.89
± 2.48 ±
209.95
4.61
±
15.42

310.48
±
411.78

CCL23

243.67
±
213.37

8.28
±
17.21

CCL20 CCL19

494.24
±
185.71

756.19
±
251.90

826.90
±
292.75

423.35
±
779.10

1169.45
±
834.05

1535.53
±
906.89

587.58
±
448.57

CCL25

133.07
±
161.51

460.22
±
137.85

94.53
327.39
± 99.55 ±
262.10

124.56
±
179.83

CXCL16 CXCL12 CCL17

27.90
±
5.73

23.90
±
7.12

33.98
±
8.94

TNFα
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chemokines, CXC chemokines, and CX3C chemokines
based on the spacing of their characteristic cysteine residues; CC chemokines are primarily involved in promoting lymphocyte and macrophage infiltration while CXC
chemokines primarily target polynuclear leukocytes [8].
However, much is still unknown regarding their roles in
the pathogenesis of renal failure and/or modulating outcomes associated with renal transplantation. Several reports
have documented an association between specific cytokines
and acute rejection occurring within three months of a
transplantation procedure [1–3]; another report documented an association between circulating cytokine levels
and end-stage renal failure, uremia, and dialysis [5]. There
are no similar reports that include a comprehensive assessment of the changes in circulating cytokine levels a period
of 1 year or longer in patients with successful renal transplants. In this study, we focused on the changes in plasma
cytokine concentrations over time in patient who underwent a successful live-donor renal transplantation.
We were also able to classify the 15 patient cases
based on the cytokines responses to include group 1 in
which no changes were identified throughout and group
2 in which cytokine levels decreased after the transplantation procedure.
Cytokines in group 1 are cytokine levels that did not
change between before transplantation and 1 year after
transplantation. Cytokines in group 2 are cytokine levels
that decreased 1 year after transplantation compared to
before transplantation (Fig. 5).
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Furthermore, although we did not include these cases
in our examination due to the small sample size, our
preliminary examination of three cases that presented
with chronic rejection revealed increased levels of six
specific plasma cytokines, including IL-2, IL-6, CXCL5,
CXCL6, CXCL16, CCL24, and GM-CSF, at 1 year after
renal transplantation (Supplementary Fig. 1). These results suggest that we may be able to detect chronic rejection at an early stage by monitoring one or more of
these cytokines on a more or less regular basis after the
transplant.
We were also interested in exploring the findings in
group 2, which includes patients in which specific cytokines underwent a significant decrease after transplantation. Previous reports have suggested that patients with
end-stage renal failure or uremia, and/or who were undergoing dialysis before renal transplantation, may have elevated levels of plasma cytokines due to the chronic
activation of monocytes and macrophages [5]. Activation
of macrophages results in the synthesis and release of inflammatory cytokines including TNFα and secondary increases in levels of CCL1 and CX3CL1 [10, 11]. Activated
macrophages also release CCL3, CCL7, CCL8, CCL13,
and CXCL9 [12]. As such, baseline levels of TNFα, CCL1,
CX3CL1, CCL3, CCL7, CCL8, and CCL13 may be comparatively high immediately prior to the renal transplantation procedure; levels of these cytokines will then
undergo a gradual and significant decline and will remain
at this lower level in the absence of transplant rejection.

Fig. 5 Cytokines in group 1 are cytokine levels that did not change between before transplantation and 1 year after transplantation. Cytokines in
group 2 are cytokine levels that decreased 1 year after transplantation compared to before transplantation
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Ischemia-reperfusion-related issues occurring in response
to renal transplantation may have an impact on the values
identified immediately post-procedure. Macrophages have
been reported as involved in ischemia-reperfusion disorder
[13] in which they synthesize and secrete IL-1β, IL-6, and
TNFα; elevated levels of IL-1β result in increased levels of
CCL23 [14]. Moreover, as CXCL16 may promote arteriosclerosis associated with end-stage renal failure [15], an
examination of the role of renal transplantation and the
progress of arteriosclerosis may be worthwhile.
Cytokines have multiple receptors that are detected on
numerous cell types. Given the complexities associated with
cytokine—cell receptor interactions that may serve to augment or to neutralize one other, we are unable to provide a
full interpretation of our findings. We still do not know
much about the detailed functions of each cytokine or chemokine in all given situations and microenvironments; this
is a critical issue that requires further elucidation.
Among the limitations of this study, we recognize that
this is a retrospective study. However, we have obtained
complete and detailed information for each patient from
our multi-year database. We also recognize that the results
are based on findings from patients in a single-center study
and that the number of cases is small. Further research will
permit us to explore its generalized applicability.
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Conclusions
In this study, we examined plasma cytokine levels over
time in 15 patients who underwent living-donor renal
transplantation at our hospital and who did not present
with pathological or clinical rejection for a period of 1
year or longer. In this stable cohort, we identified no significant increase in levels of 40 distinct cytokines when
comparing levels at 1 week and 1 year after transplantation to those evaluated pre-procedure; most plasma
levels were stable throughout, and some decreased.
As such, we conclude that renal transplantation does
not promote increases in cytokine levels that would be
indicative of an ongoing inflammatory response. Based
on these findings, we hope to explore the possibility that
early stage chronic rejection might be monitored via
changes in specific plasma cytokines over time.
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