1' frontiers
in Medicine

ORIGINAL RESEARCH
published: 01 September 2021
doi: 10.3389/fmed.2021.708316

OPEN ACCESS

Edited by:

Rujun Gong,

University of Toledo Medical Center,
United States

Reviewed by:

Brian Duncan Tait,

Australian Red Cross Blood
Service, Australia

Xiaopeng Hu,

Capital Medical University, China

*Correspondence:
Qiquan Sun
sunqiq@mail.sysu.edu.cn

T These authors have contributed
equally to this work and share first
authorship

Specialty section:

This article was submitted to
Nephrology,

a section of the journal
Frontiers in Medicine

Received: 28 May 2021
Accepted: 371 July 2021
Published: 01 September 2021

Citation:

Ye Y, Han F, Ma M, Sun Q, Huang Z,
Zheng H, Yang Z, Luo Z, Liao T, Li H,
Hong L, Na N and Sun Q (2021)
Plasma Macrophage Migration
Inhibitory Factor Predicts Graft
Function Following Kidney
Transplantation: A Prospective Cohort
Study. Front. Med. 8:708316.

doi: 10.3389/fmed.2021.708316

Check for
updates

Plasma Macrophage Migration
Inhibitory Factor Predicts Graft
Function Following Kidney
Transplantation: A Prospective
Cohort Study

Yongrong Ye'?, Fei Han'', Maolin Ma™, Qipeng Sun’, Zhengyu Huang', Haofeng Zheng "2,
Zhe Yang', Zihuan Luo "2, Tao Liao"?, Heng Li’, Liangqing Hong', Ning Na' and
Qiquan Sun'#*

" Division of Kidney Transplantation, Organ Transplantation Research Institution, The Third Affiliated Hospital, Sun Yat-sen
University, Guangzhou, China, ? Department of Kidney Transplantation, Guangdong Provincial People’s Hospital, Guangzhou,
China

Background: Delayed graft function (DGF) is a common complication after kidney
transplantation (KT) with a poor clinical outcome. There are no accurate biomarkers for
the early prediction of DGF. Macrophage migration inhibitory factor (MIF) release during
surgery plays a key role in protecting the kidney, and may be a potential biomarker for
predicting post-transplant renal allograft recovery.

Methods: Recipients who underwent KT between July 2020 and December 2020 were
enrolled in the study. Plasma MIF levels were tested in recipients at different time points,
and the correlation between plasma MIF and DGF in recipients was evaluated. This study
was registered in the Chinese Clinical Trial Registry (ChiCTR2000035596).

Results: Intraoperative MIF levels were different between immediate, slowed, and
delayed graft function groups (7.26 vs. 6.49 and 5.59, P < 0.001). Plasma MIF was
an independent protective factor of DGF (odds ratio = 0.447, 95% confidence interval
[Cl] 0.264-0.754, P = 0.008). Combining plasma MIF level and donor terminal serum
creatinine provided the best predictive power for DGF (0.872; 95%CI 0.795-0.949).
Furthermore, plasma MIF was significantly associated with allograft function at 1-month
post-transplant (R2 = 0.42, P < 0.001).

Conclusion: Intraoperative MIF, as an independent protective factor for DGF, has
excellent diagnostic performance for predicting DGF and is worthy of further exploration.

Keywords: kidney transplantation, delayed graft function, macrophage migration inhibitory factor, biomarker, graft
function

INTRODUCTION

Kidney transplantation (KT) is the primary therapy for end-stage renal disease (ESRD), with
a lower mortality rate and superior quality of life compared to dialysis (1, 2). However, early
complications limit the benefit of KT, such as delayed graft function (DGF), which is often defined
as requiring dialysis within 1 week following KT (3, 4). The rate of DGF in recipients is as high
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as 20-33% (5), and the strategy of using an extended criteria
donor to extend the donor pools significantly increases the rate of
DGEF (6-8). DGF increases the costs of hospitalization, prolongs
the length of stay, increases the rate of acute rejection, and
affects the renal allograft prognosis (9-11). There are no accurate
biomarkers for the early prediction of DGEF, and there remains an
urgent need for relevant indications.

Macrophage migration inhibitory factor (MIF) is a pleiotropic
cytokine that is rapidly released following various stimuli from
cellular stores, compared with other cytokines that require
mRNA transcription and protein synthesis before release (12, 13).
MIF is a 12.5-kDa homotrimer that binds and activates various
receptors (13, 14). Previous studies have shown that MIF has
antioxidant properties (15-17), and its binding to CD74 exerts
a protective role in cardiac ischaemia reperfusion injury (IRI)
by antioxidant effects through the CD74/CD44/AMP-activated
protein kinase pathway (18, 19). A retrospective study also
reported that elevated MIF levels were negatively correlated with
cardiac dysfunction after a heart operation (20). In addition,
the rate of acute kidney injury (AKI) was dramatically reduced
in cardiac surgery patients with high circulating MIF at 12h
postoperatively (21). Similar to heart operations, transplant
surgery with blockade of blood flow is associated with tissue
hypoxia and systemic oxidative stress, leading to elevated MIF
in circulation (22). However, the relationship between elevated
MIF during KT and post-transplant renal allograft function has
not been studied. We hypothesized that elevated circulatory MIF
during KT alleviates IRI of the graft, thereby reducing the rate of
DGF and improving postoperative renal allograft function.

This study explored the correlation between plasma MIF levels
and postoperative renal allograft function in recipients. It may
provide transplant physicians with an early, non-invasive, and
accurate means of predicting DGF.

METHODS
Study Design

We conducted a prospective and observational cohort study.
This study enrolled 85 recipients who received allografts from
patients declared brain death between July 2020 and December
2020 at the Third Affiliated Hospital of Sun Yat-sen University.
Exclusion criteria for recipients were as follows: (1) without
blood samples or with haemolysis of blood samples; (2) patients
who were administered different doses of glucocorticoids (GCs)
during surgery due to GC-induced MIF release (23); (3) patients
undergoing simultaneous multiple organ transplantation. All
patients were followed up for 1 month after KT.

Abbreviations: ATG, rabbit anti-human thymocyte immunoglobulin; AKI, acute
kidney injury; BMI, body mass index; CNI, calcineurin inhibitor; CI, confidence
interval; CRR, creatinine reduction ratio; DGF, delayed graft function; ESRD,
end-stage renal disease; GN, glomerulonephritis; GCs, glucocorticoids; HD,
hemodialysis; HLA, human leukocyte antigen; IGF, immediate graft function;
IRI, ischaemia reperfusion injury; KT, kidney transplantation; MIE, macrophage
migration inhibitory factor; NGAL, neutrophil gelatinase-associated lipocalin; OR,
odds ratio; PD, peritoneal dialysis; PRA, panel reactive antibody; ROC, receiver
operating characteristic; SGE, slowed graft function; Scr, serum creatinine; WD,
without dialysis.

The study was approved by the ethics committee of the Third
Afhiliated Hospital of Sun Yat-sen University, and it complied
with the Declarations of Helsinki and Istanbul (24). All enrolled
recipients agreed to participate in this study and signed an
informed consent form. The China Organ Transplant Response
System completed organ allocation according to equitable and
transparent principles (25). This study was registered in the
Chinese Clinical Trial Registry (ChiCTR2000035596).

Data Source and Immunosuppressive

Regimen
Donor data were acquired from the organ procurement
organizations.  Clinical  transplant  surgeons provided

recipient data.

We divided the recipients into three groups: immediate graft
function (IGF), slowed graft function (SGF), and delayed graft
function (DGF). The creatinine reduction ratio (CRR) was used
to diagnose IGF and SGF. The definition of DGF was requiring
dialysis within 1 week following KT. SGF was defined as CRR <
70% and without the need for dialysis within 1 week after KT.
IGF was defined as CRR>70% in the week after KT and without
the need for dialysis (9).

Immunosuppressive induction regimens were performed by
antithymocyte globulin (50 mg/day, 0-day 2) or basiliximab
(20 mg/day, 0 and day 4). Methylprednisolone was usually
administered intravenously at a dose of 500 mg/day during
inducing therapy and administration of the first dose was
completed before kidney reperfusion. Calcineurin inhibitor,
mycophenolate mofetil and prednisone were combined
to maintain immunosuppression. The onset doses of oral
tacrolimus or cyclosporine were 0.1-0.15 or 6-8 mg/kg/day
on day 2-4, respectively. The doses were adjusted according
to required blood concentrations. Mycophenolate mofetil
was started post-transplant and was maintained at a dose of
1.5-2 g/day. Oral prednisone was administered at 30 mg/day
after inducing therapy and was decreased by 5 mg/week to a
maintenance daily dose of 10-15 mg.

Sample Collection and Detection

Blood samples were acquired from the first 30 recipients
at the following timepoints: after anesthesia and before skin
incision (pre-operation), 5 min after kidney reperfusion (during
operation), and the end of surgery (post-operation). The last
47 recipient blood samples were only collected once 5 min after
kidney reperfusion (during operation). Samples were placed in
an ice box and immediately sent to the laboratory to prepare
the plasma. The blood samples were immediately centrifuged at
1,500 rpm/min for 10 min, and the supernatants were transferred
to the cryotubes with a pipette, and then stored at the —80°C
until analysis.

We used an enzyme-linked immunosorbent assay (Human
MIF ELISA Kit; ABclonal Technology, Wuhan, China)
to measure plasma MIF concentrations according to the
manufacturer’s protocol. This assay employs the quantitative
sandwich enzyme immunoassay technique wherein the MIF-
specific monoclonal antibody is pre-coated on the microplate,
and any MIF present in the standard and sample is bound by
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85 recipients were included from
July 2020 to December 2020

2 recipients were excluded who

without blood sample

1 recipient was excluded who with

hemolysis of blood sample

1 recipient was excluded who undergoing

combined liver-kidney transplantation

4 recipients were excluded who were

administered different dose of GC

47 recipients were collected blood

30 recipients were collected blood

sample at intraoperative KT

sample at preoperative, intraoperative
and postoperative KT

77 recipients were included in the study

FIGURE 1 | Flow chart of kidney recipients enrolled in the study.

the immobilized antibody. The MIF-specific detection antibody
binds to the combination of the capture antibody-MIF in the
sample. Adding enzyme conjugate and substrate successively
leads to the formation of a colored product TMB. The reaction
was terminated by adding acid, and the absorbance is measured.
The intensity of the TMB was proportional to the amount of
MIF present in the sample. Finally, the concentration of the MIF
sample was determined by plotting a curve of the absorbance for
the sample and standard.

Statistical Analysis

The Mann-Whitney U-test was used to compare the differences
between different groups for nonnormally distributed variables,
and Student’s ¢-test was used to test whether there is a difference
between different groups on a continuous dependent variable.
The parametric analysis of variance (ANOVA) and Kruskal-
Wallis tests were used to analyse the differences in biomarker
levels between different groups. The diagnostic performance
of MIF and other biomarkers for the prediction of DGF was
evaluated by receiver operating characteristic (ROC) curve
analyses. The independent relevant parameters of DGF were
acquired with multivariate logistic regression analyses using a
backward stepwise method, and the method of stepwise analysis
was set as P < 0.05 for entry and P > 0.1 for removal. These
independent relevant parameters obtained from the multivariate
logistic regression analyses were used to build a predictive model

for DGF. The optimal cut-off points for the ROC curves analyses
were calculated using Youden’s J-statistic. Spearman’s correlation
coefficient was used to analyse the correlation between MIF and
recipient serum creatinine (Scr). The correlation between MIF
levels and Scr levels at 1-month post-transplant was evaluated
by the multiple linear regression analysis. Statistical analysis was
carried out using SPSS version 25.0.

RESULTS

Demographic Data of Recipients and

Donors

Of the 85 recipients enrolled, 8 recipients were excluded: 2
without plasma samples, 1 with haemolysis of plasma sample,
4 were administered different doses of GCs during surgery,
and 1 had undergone combined liver-kidney transplantation
(Figure 1). Demographic data of the 77 recipients and their
donors are presented in Table 1.

All recipients were divided into 3 groups according to allograft
function: 39 had IGF, 16 had SGF, and 22 had DGF. Recipient age
was different between the IGE, SGF, and DGF groups (43 years
vs. 40 and 45.5 years, P = 0.029). The cold ischaemic time of the
kidney in the IGF group was significantly lower than that in the
DGF and SGF groups (3.5h vs. 5 and 5h, P < 0.001). Donor
body mass index was significantly different between the IGE
SGE and DGF groups (22.9 kg/m? vs. 23.8 and 24.1 kg/m?, P =
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TABLE 1 | Summary of characteristics in recipient and donor, stratified by recipients’ s allograft function.

Characteristic All (n =77) IGF (n = 39) SGF (n = 16) DGF (n = 22) P-value
Recipients
Age, years 42 [34.5,51] 43 [35,51] 40 [36,51.5] 45.5[31.8,54] 0.029
Male sex 46 (60) 22 (56) 7 (44) 17 (77) 0.096
Cause of ESRD 0.63
GN 16 (21) 8 (21) 2(13) 6 (27)
Hypertension 2(3) 0(0) 1(6) 1(5)
Diabetes 2(3) 1) 0(0) 1(5)
Others 57 (74) 30 (77) 13 (81) 14 (64)
Mode of dialysis 0.628
HD 66 (86) 33 (85) 15 (94) 18 (82)
PD 6 (8) 3(8) 0 3(14)
WD 5 (6) 3(8) 1(6) 1(4)
Dialysis duration, mo 12 [3.5,22.5] 12 [4,25] 5.5[1.1,59.8] 12 [4.8,30] 0.713
Cold ischaemic time, h 41[3,5.5] 3.5[3,4.5] 51[4,6] 5[4,6] <0.001
Number of HLA mismatches 5[4,5] 5[4,5] 514.3,5.8] 5[4,5] 0.362
Panel reactive antibody 0.358
0% 66 (86) 34 (87) 12 (75) 20 (91)
1-10% 11 (14) 5(13) 4 (25) 9
Induction regimen 0.381
ATG 51 (66) 28 (72) 11 (69) 12 (55)
Basiliximab 26 (34) 11 (18) 5(31) 10 (45)
CNI 0.368
Cyclosporin 2(3) 2 (5) 0(0) 0(0)
Tacrolimus 75 (97) 37 (95) 16 (100) 22 (100)
Steroid 77 39 16 22
Renal functions at post-transplant (mg/dL)
Scr, at 1 day 9.13[6.34,11.22] 81[5.15,11.11] 9.2 [6.11,10.24] 10.68 [7.9,11.84] 0.064
Scr, at 1 week 2.87[1.62,5.46] 1.63 [1.17,2.14] 4.32[3.28,6.65] 6.32 [4.71,9.36] <0.001
Scr, at 1 month 1.75[1.46,2.28] 1.5[1.23,1.82] 1.92 [1.66,2.27] 2.71[1.86,4.21] <0.001
Variation of Scr after transplantation (mg/dL)
Absolute decrease 0 h—1 day 0.94 [-0.76,3.32] 3.04 [0.94,4.62] —0.49 [-1.19,0.76] —0.03 [-1.22,1.38] <0.001
Relative decrease (0 h—1 day)/1 day 0.12 [-0.08,0.34] 0.28[0.11,0.41] —0.05 [-0.17,0.1] 0[-0.11,0.14] <0.001
MIF levels during operation (ng/mL) 6.52 [56.59,7.45] 7.26 [6.28,8.39] 6.49 [6.562,7.21] 5.59 [4.36,6.03] <0.001
Donors
Age, years 51 [38.5,54] 42 [38,54] 52 [41,55] 51.5[46,54.3] 0.207
Male sex 52 (68) 23 (59) 12 (75) 17 (77) 0.264
BMI (kg/m?) 23.4[20.8,24.8] 22.9[19.4,24.1] 23.8[22.5,25.5] 24.1[22.8,26.5] 0.017
Hypertension 43 (56) 19 (49) 10 (63) 14 (64) 0.442
Cause of death 0.526
Head trauma 79) 2 (5) 2(13) 3(14)
Stroke 51 (66) 25 (64) 12 (75) 14 (64)
Other 19 (25) 12 (31) 2(13) 5(23)
Admission Scr, mg/dL 1.28[0.85,2.1] 0.97 [0.7,1.28] 1.59 [1.1,2.43] 2.26 [1.43,3.34] <0.001
Terminal Scr, mg/dL 1.46 [0.87,2.02] 1.01[0.7,1.48] 1.64 [1.11,2.41] 1.94 [1.69,4.83] <0.001
Use of any vasoactive drugs 7192 35 (90) 15 (94) 21 (95) 0.703
No. of any vasoactive drugs 42,8 3[2,6] 4.5[2.8] 5.5[2,9] 0.544
No. of kidneys transplanted 1 5(6) 13 1(6) 3 (14) 0.241
2 72 (94) 38 (97) 15 (94) 19 (86)

According to Shapiro-Wilk test, if P > 0.05 for continuous variables, the data are presented as mean +SD; otherwise, the data are presented as median [P25, P75]; categorical variables

are expressed by total numbers and percentages.

ANOVA or Kruskal-Wallis tests were used to analyze continuous variables and x? test and Fisher’s exact test were used to analyze categorical variables.
DGF, delayed graft function; ESRD, end-stage renal disease; GN, glomerulonephritis; HD, hemodialysis; PD, peritoneal dialysis; WD, without dialysis; HLA, human leukocyte antigen;
ATG, Rabbit Anti-Human Thymocyte Immunoglobulin; CNI, calcineurin inhibitor; Scr, serum creatinine; MIF, Macrophage migration inhibitory factor; BMI, body mass index; AKI, acute

kidney injury; ANOVA, analysis of variance.
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FIGURE 2 | (A) Distributions of plasma macrophage migration inhibitory factor (MIF) from recipient during operation, recipient’s serum creatinine (Scr) at 1-day
post-transplant, absolute Scr decrease from 0-h to 1-day post-transplant, and donor terminal Scr in the recipient. (B-D) Contents of MIF, recipient” Scr at 1-day
post-transplant, absolute Scr decrease after transplant, and donor terminal Scr in immediate graft function (IGF; red), slowed graft function (SGF; green), and delayed
graft function (DGF; blue) groups. *P < 0.05, **P < 0.01,**P < 0.001.

0.017). There were no differences in the mode of dialysis, dialysis
duration, cause of ESRD, induction regimen, number of HLA
mismatches, panel reactive antibody, donor cause of death, use
of vasoactive drugs, or number of vasoactive drugs used between
the three groups (Table 1).

Differences in Plasma MIF in Perioperative

Patients Undergoing Kidney Transplant
The differences in plasma MIF between 30 patients with DGF
or non-DGF during the perioperative period are shown in

Supplementary Figure 1. There was no difference between
DGF and non-DGF patients in baseline plasma MIF at pre-
transplant timepoints (1.28 ng/mL vs. 1.17 ng/mL, P = 0.428).
However, intraoperative and postoperative plasma MIF levels
were significantly higher in the non-DGF group than in
the DGF group, and the intraoperative difference was more
evident between groups (7.02 ng/mL vs. 5.18 ng/mL, P < 0.001;
6.25ng/mL vs. 5.5ng/mL, P = 0.028, respectively). Plasma MIF
levels significantly increased at intraoperative and postoperative
timepoints compared to pre-operation (6.56ng/mL vs.
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TABLE 2 | Univariate and multivariate logistic regression analyses for predicting delayed graft function.

Univariate Multivariate
OR 95%ClI P-value OR 95%ClI P-value
Donor age (years) 1.08 0.989-1.072 0.157
Donor sex (women) 0.515 0.165-1.607 0.253
Donor BMI (kg/m?) 1.123 0.977-1.29 0.102
Donor cause of death 0.747 0.306-1.821 0.521
Donor terminal Scr (mg/dL) 1.857 1.261-2.736 0.002 1.648 1.108-2.449 0.014
Cold ischaemic time (h) 1.552 1.097-2.195 0.013
Recipient age (years) 0.998 0.952-1.046 0.921
Recipient sex (female) 0.328 0.106-1.014 0.053
Duration of dialysis before transplantation (mo) 1.005 0.992-1.018 0.474
HLA mismatch 0.897 0.524-1.537 0.693
PRA 0.511 0.101-2.582 0.417
Induction regimen 2.031 0.732-5.640 0.174
Plasma MIF (ng/mL) 0.396 0.242-0.649 0.001 0.447 0.264-0.754 0.003

Multivariate logistic regression analysis was executed with a backward selection procedure.

HLA, human leukocyte antigen; PRA, panel reactive antibody,; MIF, Macrophage migration inhibitory factor; BMI, body mass index; AKI, acute kidney injury; Scr, serum creatinine; Cl,

confidence interval; OR, odds ratio.

0.71ng/mL, P < 0.001; 5.86 ng/mL vs. 0.71 ng/mL, P < 0.001,
respectively), but there was no difference between intraoperative
and postoperative timepoints (Supplementary Figure 2).
Therefore, we used the intraoperative period as the timepoint at
which to detect MIF.

Distinction of Intraoperative Plasma MIF
Among 77 Patients of Different Graft

Function

The intraoperative plasma MIF in the IGF group was higher than
that in the SGF and DGF groups (7.26 ng/mL vs. 6.49 ng/mL,
P < 0.05; 7.26 ng/mL vs. 5.59 ng/mL, P < 0.001, respectively),
and the SGF group was also higher than that in the DGF group
(6.49 ng/mL vs. 5.59ng/mL, P < 0.05) (Figure 2A). Recipient
Scr at 1-day post-transplant was different between the IGF and
DGF groups (8 mg/dL vs. 10.68 mg/dL, P = 0.033; Figure 2B).
A decrease in recipient Scr from 0-h to 1-day post-transplant
and donor terminal Scr effectively distinguished the IGF group
from the SGF and DGF groups (3.04 mg/dL vs. —0.49 and —0.03
mg/dL, P < 0.001; 1.01 mg/dL vs. 1.64 and 1.94 mg/dL, P < 0.001,
respectively), but neither indicators differed between the SGF
and DGF groups (Figures 2C,D). According to the intraoperative
plasma MIF level distribution, the incidence of needing dialysis
within 1 week after transplantation increased 6-fold when the
levels were <5.8 ng/mL (67 vs. 11%, P < 0.001).

MIF Is an Independent Protective Factor

for Delayed Graft Function

The relevant parameters for predicting DGF were acquired using
univariate and multivariate logistic regression analyses. From the
univariate analyses, we concluded that recipient intraoperative
plasma MIF, donor terminal Scr, and kidney cold ischaemia time
were significantly correlated with DGF (odds ratio [OR] = 0.396,
95% confidence interval [CI] 0.242-0.649, P = 0.001; OR = 1.857,

95%CI 1.261-2.736, P = 0.002; OR = 1.552, 95%CI 1.097-2.195,
P = 0.013). From multivariate logistic regression analyses, we
further concluded that plasma MIF and donor terminal Scr were
independent relevant parameters for DGF (OR = 0.447, 95%CI
0.264-0.754, P = 0.003; OR = 1.648, 95%CI 1.108-2.449, P =
0.014; Table 2).

Predictive Value of Plasma MIF for Delayed

Graft Function

We used ROC curve analysis to evaluate the diagnostic
performance of plasma MIF, the recipient’s Scr at 1-day post-
transplant, absolute decreased Scr after transplant, and donor
terminal Scr for predicting DGF. The area under the ROC curve
(AUROC) of plasma MIF and donor terminal Scr in predicting
DGF was 0.816 (95%CI 0.712-0.92, P < 0.001) and 0.8 (95%CI
0.693-0.908, P < 0.001), respectively, which were superior
to that of the recipient’s Scr at 1-day post-transplant (0.671;
95%CI 0.544-0.799, P = 0.019 or absolute decreased Scr after
transplant (0.686; 95%CI 0.559-0.812, P = 0.011; Figures 3A-D).
Meanwhile, we combined the relevant parameters that were
acquired from multivariate logistic regression analyses to build
a predictive model for DGF. The model including the reciprocal
plasma MIF level and donor terminal Scr improved the AUROC
to 0.872 (95%CI 0.795-0.949, P < 0.001; Figure 3E). Moreover,
this model had higher sensitivity and moderate specificity at the
optimum cut-off point (sensitivity = 0.96, specificity = 0.66).
The sensitivity, specificity, and optimal cut-off point of these
parameters for predicting DGF are shown in Table 3.

MIF Is Related to Graft Function 1-Month

Post-transplant

The reciprocal plasma MIF, donor terminal Scr, and recipient
Scr at 1-day post-transplant were positively related with recipient
Scr at 1-month post-transplant (R> = 0.42, P < 0.001; R?
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recipients during operation.
b The ROC curve of donor terminal Scr.
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FIGURE 3 | Receiver operating characteristic (ROC) curves for recipient and donor characteristics for predicting delayed graft function. The ROC curves of plasma
macrophage migration inhibitory factor (MIF) from recipients during operation (A), donor terminal Scr (B), absolute Scr decrease from 0-h to 1-day post-transplant (C),
and recipient’s serum creatinine (Scr) at 1-day post-transplant (D). The linear prediction model including the reciprocal plasma MIF level and donor terminal Scr (E).

= 0.129, P < 0.001; R> = 0.058, P < 0.001, respectively,
Figures 4A-C). Univariate analyses showed that recipient Scr
at 1-day post-transplant, plasma MIF, female donors, cause of
donor death, donor terminal Scr and kidney cold ischaemic

time were significantly related to recipient Scr 1-month post-
transplant (8 = 2.142, 95%CI 0.008-0.226, P = 0.035; 8 =
—5.292, 95%CI —0.773 to —0.35, P = 0.001; B = —2.47, 95%CI
—1.791 to —0.192, P = 0.016; B = —3.246, 95%CI —1.713 to
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—0.410, P = 0.002; B = 3.334, 95%CI 0.15-0.596, P = 0.001; B =
2.926, 95%CI 0.113-0.598, P = 0.005, respectively). Multivariate
linear regression analysis revealed that kidney cold ischaemic
time, donor cause of death, and plasma MIF were significantly
associated with recipient Scr at 1-month post-transplant (8 =
2.213, 95%CI 0.024-0.46, P = 0.03; B = —2.08, 95%CI —1.252
to —0.027, P =0.041; B = —3.706, 95%CI —0.646 to —0.194, P =
0.001, respectively; Table 4).

DISCUSSION

Our study investigated the role of perioperative MIF release in
predicting delayed graft function after KT and illustrated that
the intraoperative plasma MIF was significantly lower in patients
who developed DGF vs. patients with non-DGF. Moreover, the
diagnostic value of intraoperative plasma MIF for predicting
DGF was superior to that of the recipient’s Scr at 1-day post-
transplant. In addition, the combination of plasma MIF and
donor terminal Scr has a high diagnostic value for predicting
DGF. This may provide transplant physicians with an early,
non-invasive, and accurate means of predicting graft function
following KT.

MIF is a pleiotropic cytokine and its functions in AKI are
not well understood. Previous studies have shown that MIF is
a proinflammatory mediator of the innate immune system, and
increased urinary MIF was related to the severity of kidney
injury in glomerulonephritis or pyelonephritis (26, 27). Similarly,
during sepsis or liver transplantation, increased MIF levels
appear to aggravate renal damage (22, 28). However, recent
studies have indicated that patients undergoing cardiac surgery
with high circulating MIF had a significantly lower risk of
developing AKI (21, 29). Furthermore, they demonstrated that
MIF-deficient mice exhibited increased tubular cell damage and
increased apoptotic tubular cells, and administering recombinant
MIF ameliorated renal tubular injury and apoptosis in AKI
mouse model (21). These findings suggested that in AKI induced
by IRI, the protective effect of MIF on cell death may be
more effective, surpassing the potential pro-inflammatory and
chemokine-like effects of MIF. In addition, studies showed
that MIF could bind to various receptors, including CXCR2,
CXCR4, and CD74. The response to stress will be diverse when
interacting with different receptors on different cells at different
times. In our study, plasma MIF levels were elevated during the
intraoperative period, and high MIF levels were associated with
better graft recovery.

Firstly, our study showed that plasma MIF might be an
independent protective parameter of DGF. We demonstrated
that circulating MIF was increased during intraoperative and
postoperative transplantation. MIF is rapidly released into the
circulation from the affected cell pool under ischaemia, oxidative
stress, inflammation or glucocorticoid, and the kidneys are
protected by raised MIF (12, 13, 21, 23, 30). Several clinical
studies have shown that MIF is elevated during and after
liver transplantation or cardiac surgery (20-22), in accordance
with our study. We believe that the source of intraoperative
elevated MIF may be composed of two components. First,

administering glucocorticoids before kidney reperfusion and
surgical stimulation may induce MIF release in innate immune
cells for recipients (23). Second, kidney ischaemia during organ
procurement may stimulate MIF synthesis of tubular epithelial
cells in donor and the reperfusion of graft may increase MIF
release in epithelial cells (18). We further analyzed the difference
in intraoperative and postoperative plasma MIF levels in 30
patients with different allograft function status and found that
MIF was significantly higher in non-DGF patients than in DGF
patients. Moreover, our study found that the difference was
more remarkable during the intraoperative period. These results
suggest that intraoperative MIF may be a potential protective
factor for DGF. Next, we assessed the difference in intraoperative
MIF levels in 77 patients with different allograft function statuses.
Our results revealed that intraoperative MIF was significantly
different between the IGFE, SGE and DGF groups, suggesting that
it distinguishes between a more subtle allograft recovery pattern.
Studies show that MIF has anti-inflammatory and anti-fibrotic
effects in the kidney (30), and can alleviate IRI through cell
protection and antioxidant mechanisms (18-21). We assumed
that elevated MIF during transplantation protects the graft by
alleviating the refusion injury of the graft. Our research results
also showed that 78% of recipients had postoperative IGF when
their plasma MIF level was >7.26 during the surgery. In addition,
we speculated that MIF might be an endogenous protective factor
in remote ischaemic preconditioning due to release from the
ischaemic hypoxia issue and protection in remote organs, such
as the heart and kidney. Consistent with our hypothesis, recent
studies have reported that MIF was significantly elevated after
remote ischaemic conditioning was carried out and alleviated
cardiac IRI. However, the protective effect of MIF on the heart
could be blocked by genetic or pharmacological blocking of MIF
(31, 32). Most IRT damage begins in the reperfusion process (33),
and the damage begins soon after transplanted kidney blood
flow is reopened during KT. We deemed that circulatory MIF
levels within 5 min of reperfusion reached a high level and were
more likely to reflect the real protective effect of the graft than
circulating MIF levels over a longer period after reperfusion.
Secondly, we found that plasma MIF yield a better predicting
power compared with recipient Scr for DGF and improve
the predictive power of donor terminal creatinine for DGF.
DGF is caused by IRI and multiple contributing factors,
including the characteristics of the donor and recipient (34).
Early identification and stratification of high-risk patients with
DGF may advance postoperative management and potentially
improve short- and long-term outcomes of recipients undergoing
transplantation (35). The diagnosis of DGF is still dependent
on Scr and urine volume in recipient, which requires an
understanding of both previous levels and changes, and is
influenced by diuretics, which usually requires several days
to confirm (36). The delay in diagnosis has greatly hindered
clinical efforts to prevent and treat DGF. Our study confirmed
that the predictive value of intraoperative plasma MIF and
donor terminal Scr for DGF is better than that of recipient
Scr. Furthermore, the model including plasma MIF and donor
terminal Scr yield a higher predictive value for DGF than any of
the two. Compared with postoperative Scr in the recipient, which
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TABLE 3 | Sensitivity, specificity, and predictive values for predicting delayed graft function at optimum cut-off value of recipient and donor characteristic.

Cut-off value Sensitivity Specificity PPV NPV Youden index AUC (95%Cl)

A—Recipient’s Scr at 1-day post-transplant (mg/dL) 6.88 0.91 0.38 0.37 0.91 0.29 0.671 (0.544-0.799)
B—Plasma MIF level (hg/mL) 5.92 0.8 0.77 0.58 0.91 0.57 0.816 (0.712-0.92)
C—Donor terminal Scr (mg/dL) 1.73 0.77 0.80 0.61 0.90 0.57 0.8 (0.693-0.908)

D—The model combined reciprocal plasma MIF level and donor terminal Scr 0.162 0.96 0.66 0.53 0.98 0.62 0.872 (0.795-0.949)

Scr, serum creatinine; PPV, positive predictive value; NPV, negative predictive values; AUC, area under curve; Cl, confidence interval.
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is the most commonly used clinical indicator of kidney damage  optimizing fluid balance, timely appropriate dialysis, adjusting
(37), we believe that the model can help transplant physicians  the dose of immunosuppressive agents, and avoiding the use of
recognize DGF early and make early treatment plans, such as  other nephrotoxic drugs (38, 39). Among the recently used AKI
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TABLE 4 | Univariate and multivariate linear regression analyses for predicting 1-month graft function.

Univariate Multivariate
Bcoefficient 95%CI P-value Beoefficient 95%Cl P-value

Donor age (years) 0.824 —0.015 to 0.037 0.413

Donor sex (women) —2.47 —1.791 to —0.192 0.016

Donor BMI (kg/m?) 1.895 —0.005 to 0.205 0.062

Donor cause of death —3.246 —1.713t0 —0.410 0.002 —2.08 —1.252 to —0.027 0.041
Donor terminal Scr (mg/dL) 3.334 0.15t0 0.596 0.001

Cold ischaemic time (h) 2.926 0.113t0 0.598 0.005 2.213 0.024 t0 0.46 0.03
Recipient age (years) 0.387 —0.0310 0.044 0.7

Recipient sex (female) —-0.671 —1.058 to 0.525 0.504

Duration of dialysis before transplantation (mo) -0.38 —0.013 to 0.009 0.705

HLA mismatch -0.74 —0.583 to 0.267 0.462

PRA 0.592 —0.78t0 1.44 0.556

Recipient’s Scr at 1-day post-transplant (mg/dL) 2.142 0.008 to 0.226 0.035

Plasma MIF level (ng/mL) —5.292 —0.773to —0.35 0.001 —3.706 —0.646 to —0.194 0.001

Multivariate linear regression analysis was executed using a stepwise variable selection procedure.
HLA, human leukocyte antigen; PRA, panel reactive antibody; Scr, serum creatinine; MIF, Macrophage migration inhibitory factor; BMI, body mass index; Cl, confidence interval.

markers, kidney injury molecule-1 in tissues could not predict
DGF (40), urinary neutrophil gelatinase-associated lipocalin
(NGAL) and interleukin-18 have limited predictive value for
DGF. Moreover, urine is not produced in most patients with
DGEF (39, 41). The value of these biomarkers in predicting DGF
is limited. However, because of our results based a prospective
cohort study with a small size and without validation cohort,
these results should be interpreted with cautions. In order to
study the exact role of MIF in protecting kidney and to validate
the utility of plasma MIF levels as a biomarker for patients DGF
prediction, further basic or clinical studies should be carried out.

Finally, we found that the reciprocal plasma MIF level
during the intraoperative period was positively correlated
with Scr at 1-month post-transplant, indicating that a
high reciprocal plasma MIF was closely correlated with
worse short-term renal graft function. Moreover, compared
with the Scr levels of recipients and donors, intraoperative
plasma MIF levels are more closely related to renal allograft
function in the first month after transplantation. Studies
have shown that urinary NGAL is correlated with renal
allograft function at 3-weeks post-operation. However, it was
not associated with long-term allograft function (39). Our
follow-up time was short, and consequently, we were unable
to assess the correlation between plasma MIF and long-term
allograft function.

In conclusion, we believe that plasma MIF has a better
predictive performance for DGE, which can help transplant
physicians to make a preliminary judgement in the early
postoperative period and provide individualized treatment plans
for patients.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of the Third Affiliated
Hospital of Sun Yat-sen University. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

QiqS and YY were responsible for study design, analysis and
interpretation of data, and preparation and revision of the article.
FH and YY performed the analysis. MM, HZ, and ZY performed
the laboratory assays. QipS, ZH, ZL, and TL performed data
collection. The article was edited by HL, LH, and NN. All authors
have approved the manuscript for submission.

FUNDING

This study was supported by the National Key R&D Program
of China (2018YFA0108804), the National Natural Science
Foundation of China (Nos. 81970650, 81770753, and 81970649),
the Youth Program of National Natural Science Foundation of
China (No. 81800661), the Fundamental Research Funds for the
Central Universities (20ykpy34) and China Postdoctoral Science
Foundation Funded Project (2020M683083).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2021.708316/full#supplementary-material

Supplementary Figure 1 | Distributions of plasma macrophage migration
inhibitory factor (MIF) from the recipient at preoperative, intraoperative, and
postoperative periods. Contents of MIF in non-delayed graft function (non-DGF;
red) and delayed graft function (DGF; blue) groups.

Frontiers in Medicine | www.frontiersin.org

10

September 2021 | Volume 8 | Article 708316


https://www.frontiersin.org/articles/10.3389/fmed.2021.708316/full#supplementary-material
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Ye et al.

A Prospective Cohort Study

Supplementary Figure 2 | Variation of MIF from recipient during the
perioperative period.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

. Siedlecki

. Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa LY, et al.

Comparison of mortality in all patients on dialysis, patients on dialysis
awaiting transplantation, and recipients of a first cadaveric transplant. N Engl
J Med. (1999) 341:1725-30. doi: 10.1056/NEJM199912023412303

. Abecassis M, Bartlett ST, Collins AJ, Davis CL, Delmonico FL, Friedewald

JJ, et al. Kidney transplantation as primary therapy for end-stage renal
disease: a National Kidney Foundation/Kidney Disease Outcomes Quality
Initiative (NKF/KDOQI™) conference. Clin ] Am Soc Nephrology. (2008)
3:471-480. doi: 10.2215/CJN.05021107

. Schroppel B Legendre C. Delayed kidney graft function: from mechanism to

translation. Kidney Int. (2014) 86:251-8. doi: 10.1038/ki.2014.18
A, Irish W Brennan DC. Delayed graft
in the kidney transplant. Am ] Transplant. (2011)
2296. doi: 10.1111/j.1600-6143.2011.03754.x

function
11:2279-

. Halloran PE, Hunsicker LG. Delayed graft function: state of the art, November

10-11, 2000. Summit meeting, Scottsdale, Arizona, USA. Am ] Transplant.
(2001) 1:115-20.

. Summers DM, Johnson RJ, Allen ], Fuggle SV, Collett D, Watson CJ, et al.

Analysis of factors that affect outcome after transplantation of kidneys
donated after cardiac death in the UK: a cohort study. Lancet. (2010)
376:1303-11. doi: 10.1016/S0140-6736(10)60827-6

. Han E Lin MZ, Zhou HL, Li H, Sun QP, Huang ZY, et al

Delayed graft function is correlated with graft loss in recipients

of expanded-criteria rather than standard-criteria donor kidneys:
a retrospective, multicenter, observation cohort study. Chin Med
J (Engl). (2020) 133:561-70. doi:  10.1097/CM9.000000000000
0666

. Keitel E, Michelon T, dos Santos AF Bittar AE, Goldani JC, D’Almeida

Bianco P, et al. Renal transplants using expanded cadaver donor criteria. Ann
Transplant. (2004) 9:23-24.

. Johnston O, O’Kelly P, Spencer S, Donohoe J, Walshe JJ, Little DM, et al.

Reduced graft function (with or without dialysis) vs immediate graft function—
a comparison of long-term renal allograft survival. Nephrol Dial Transplant.
(2006) 21:2270-74. doi: 10.1093/ndt/gfl103

Yarlagadda SG, Coca SG, Formica RN, Jr., Poggio ED Parikh CR.
Association between delayed graft function and allograft and patient survival:
a systematic review and meta-analysis. Nephrol Dial Transplant. (2009)
24:1039-47. doi: 10.1093/ndt/gfn667

Freedland SJ, Shoske DA. Economic impact of delayed graft function and
suboptimal donors. Transplant Rev. (1999) 13:23-30.

Calandra T Roger T. Macrophage migration inhibitory factor: a regulator of
innate immunity. Nat Rev Immunol. (2003) 3:791-800. doi: 10.1038/nri1200
Kang I Bucala R. The immunobiology of MIF: function, genetics and
prospects for precision medicine. Nat Rev Rheumatol. (2019) 15:427-
37. doi: 10.1038/541584-019-0238-2

Unruh M, Wagner B Hallows KR. MIF Matters: The Macrophage Migration
Inhibitory Factor and Kidney Injury. Am ] Kidney Dis. (2019) 73:429-
31. doi: 10.1053/j.akd.2018.07.003

Pohl J, Hendgen-Cotta UB, Rammos C, Luedike P, Mull E, Stoppe C,
et al. Targeted intracellular accumulation of macrophage migration inhibitory
factor in the reperfused heart mediates cardioprotection. Thromb Haemost.
(2016) 115:200-12. doi: 10.1160/TH15-05-0436

Kers J, Leemans JC Linkermann A. An Overview of Pathways of
Regulated Necrosis in Acute Kidney Injury. Semin Nephrol. (2016) 36:139-
52. doi: 10.1016/j.semnephrol.2016.03.002

Gando S, Nishihira ], Kobayashi S, Morimoto Y, Nanzaki S Kemmotsu O.
Macrophage migration inhibitory factor is a critical mediator of systemic
inflammatory response syndrome. Intensive Care Med. (2001) 27:1187-
93. doi: 10.1007/s001340000818

Supplementary Table 1 | Summary of characteristics in recipient and donor,
stratified by recipients’s allograft function.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Miller EJ, Li J, Leng L, McDonald C, Atsumi T, Bucala R, et al. Macrophage
migration inhibitory factor stimulates AMP-activated protein kinase in the
ischaemic heart. Nature. (2008) 451:578-82. doi: 10.1038/nature06504

Koga K, Kenessey A, Powell SR, Sison CP, Miller EJ Ojamaa K.
Macrophage migration inhibitory factor provides cardioprotection during
ischemia/reperfusion by reducing oxidative stress. Antioxid Redox Signal.
(2011) 14:1191-202. doi: 10.1089/ars.2010.3163

Stoppe C, Grieb G, Rossaint R, Simons D, Coburn M, Goétzenich A, et al.
High postoperative blood levels of macrophage migration inhibitory factor
are associated with less organ dysfunction in patients after cardiac surgery.
Mol Med. (2012) 18:843-50. doi: 10.2119/molmed.2012.00071

Stoppe C, Averdunk L, Goetzenich A, Soppert ], Marlier A, Kraemer
S, et al. The protective role of macrophage migration inhibitory factor
in acute kidney injury after cardiac surgery. Sci Transl Med. (2018)
10:eaan4886. doi: 10.1126/scitranslmed.aan4886

Stefaniak J, Schiefer J, Miller EJ, Krenn CG, Baron DM Faybik P. Macrophage
migration inhibitory factor as a potential predictor for requirement of renal
replacement therapy after orthotopic liver transplantation. Liver Transpl.
(2015) 21:662-9. doi: 10.1002/1t.24103

Calandra T, Bernhagen J, Metz CN, Spiegel LA, Bacher M, Donnelly T, et al.
MIF as a glucocorticoid-induced modulator of cytokine production. Nature.
(1995) 377:68-71. doi: 10.1038/377068a0

World Medical Association Declaration of Helsinki: ethical principles
for medical research involving human subjects. JAMA. (2013) 310:2191-
4. doi: 10.1001/jama.2013.281053

Huang ], Wang H, Fan ST, Zhao B, Zhang Z, Hao L, et al. The national
program for deceased organ donation in China. Transplantation. (2013)
96:5-9. doi: 10.1097/TP.0b013e3182985491

Brown FG, Nikolic-Paterson DJ, Hill PA, Isbel NM, Dowling J, Metz CM,
et al. Urine macrophage migration inhibitory factor reflects the severity of
renal injury in human glomerulonephritis. ] Am Soc Nephrol. (2002) 13 Suppl
1:57-13. doi: 10.1681/ASN.V13suppl_1s7

Hong MY, Tseng CC, Chuang CC, Chen CL, Lin SH Lin CF. Urinary
macrophage migration inhibitory factor serves as a potential biomarker for
acute kidney injury in patients with acute pyelonephritis. Mediators Inflamm.
(2012) 2012:381358. doi: 10.1155/2012/381358

Payen D, Lukaszewicz AC, Legrand M, Gayat E, Faivre V, Megarbane B,
et al. A multicentre study of acute kidney injury in severe sepsis and septic
shock: association with inflammatory phenotype and HLA genotype. PLoS
One. (2012) 7:€35838. doi: 10.1371/journal.pone.0035838

Stoppe C, Werker T, Rossaint R, Dollo F Lue H, Wonisch
W, et al. What is the significance of perioperative release of
macrophage  migration inhibitory factor in  cardiac  surgery?
Antioxid Redox  Signal. (2013) 19:231-39. doi: 10.1089/ars.2012.
5015

Djudjaj S, Martin IV, Buhl EM, Nothofer NJ, Leng L, Piecychna M, et al.
Macrophage Migration Inhibitory Factor Limits Renal Inflammation and
Fibrosis by Counteracting Tubular Cell Cycle Arrest. ] Am Soc Nephrol. (2017)
28:3590-604. doi: 10.1681/ASN.2017020190

Wang C, Zuo B Wu X. The Role of Macrophage Migration Inhibitory
Factor in Remote Ischemic Postconditioning. Can J Cardiol. (2019) 35:501-
10. doi: 10.1016/j.cjca.2018.12.040

Ruze A, Chen BD, Liu E Chen XC, Gai MT, Li XM, et al. Macrophage
migration inhibitory factor plays
preconditioning-mediated  cardioprotection.
133:665-80. doi: 10.1042/CS20181013
Murphy E Steenbergen C. Mechanisms underlying acute protection
from cardiac ischemia-reperfusion injury. Physiol Rev. (2008) 88:581-
609. doi: 10.1152/physrev.00024.2007

Cavaillé-Coll M, Bala S, Velidedeoglu E, Hernandez A, Archdeacon P,
Gonzalez G, et al. Summary of FDA workshop on ischemia reperfusion

ischemic
(2019)

role in

(Lond).

essential
Clin ~ Sci

an

Frontiers in Medicine | www.frontiersin.org

11

September 2021 | Volume 8 | Article 708316


https://doi.org/10.1056/NEJM199912023412303
https://doi.org/10.2215/CJN.05021107
https://doi.org/10.1038/ki.2014.18
https://doi.org/10.1111/j.1600-6143.2011.03754.x
https://doi.org/10.1016/S0140-6736(10)60827-6
https://doi.org/10.1097/CM9.0000000000000666
https://doi.org/10.1093/ndt/gfl103
https://doi.org/10.1093/ndt/gfn667
https://doi.org/10.1038/nri1200
https://doi.org/10.1038/s41584-019-0238-2
https://doi.org/10.1053/j.ajkd.2018.07.003
https://doi.org/10.1160/TH15-05-0436
https://doi.org/10.1016/j.semnephrol.2016.03.002
https://doi.org/10.1007/s001340000818
https://doi.org/10.1038/nature06504
https://doi.org/10.1089/ars.2010.3163
https://doi.org/10.2119/molmed.2012.00071
https://doi.org/10.1126/scitranslmed.aan4886
https://doi.org/10.1002/lt.24103
https://doi.org/10.1038/377068a0
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1097/TP.0b013e3182985491
https://doi.org/10.1681/ASN.V13suppl_1s7
https://doi.org/10.1155/2012/381358
https://doi.org/10.1371/journal.pone.0035838
https://doi.org/10.1089/ars.2012.5015
https://doi.org/10.1681/ASN.2017020190
https://doi.org/10.1016/j.cjca.2018.12.040
https://doi.org/10.1042/CS20181013
https://doi.org/10.1152/physrev.00024.2007
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Ye et al.

A Prospective Cohort Study

35.

36.

37.

38.

39.

40.

41.

injury in kidney transplantation. Am ] Transplant. (2013) 13:1134-
48. doi: 10.1111/ajt.12210

Miihlberger I, Perco P, Fechete R, Mayer B Oberbauer R. Biomarkers in
renal transplantation ischemia reperfusion injury. Transplantation. (2009)
88:514-19. doi: 10.1097/TP.0b013e3181af65b5

Daly PJ, Power RE, Healy DA, Hickey DP, Fitzpatrick J]M Watson RW.
Delayed graft function: a dilemma in renal transplantation. BJU Int. (2005)
96:498-501. doi: 10.1111/j.1464-410X.2005.05673.x
Bellomo R, Kellum JA Ronco C. Defining acute
physiological  principles.  Intensive ~ Care  Med.
37. doi: 10.1007/s00134-003-2078-3

Perico N, Cattaneo D, Sayegh MH Remuzzi
function in kidney transplantation.
27. doi: 10.1016/50140-6736(04)17406-0
Hollmen ME, Kyllénen LE, Inkinen KA, Lalla ML Salmela KT. Urine
neutrophil gelatinase-associated lipocalin is a marker of graft recovery after
kidney transplantation. Kidney Int. (2011) 79:89-98. doi: 10.1038/ki.2010.351
Schréppel B, Kriiger B, Walsh L, Yeung M, Harris S, Garrison K, et al. Tubular
expression of KIM-1 does not predict delayed function after transplantation. J
Am Soc Nephrol. (2010) 21:536-42. doi: 10.1681/ASN.2009040390

Parikh CR, Jani A, Mishra J, Ma Q, Kelly C, Barasch J, et al
Urine NGAL and IL-18 are predictive biomarkers for delayed graft

renal failure:
(2004)  30:33-

G. Delayed graft

Lancet.  (2004)  364:1814—

function following kidney transplantation. Am J Transplant. (2006) 6:1639-
45. doi: 10.1111/j.1600-6143.2006.01352.x

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Ye, Han, Ma, Sun, Huang Zheng, Yang, Luo, Liao, Li,
Hong, Na and Sun. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s)
and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Medicine | www.frontiersin.org

12

September 2021 | Volume 8 | Article 708316


https://doi.org/10.1111/ajt.12210
https://doi.org/10.1097/TP.0b013e3181af65b5
https://doi.org/10.1111/j.1464-410X.2005.05673.x
https://doi.org/10.1007/s00134-003-2078-3
https://doi.org/10.1016/S0140-6736(04)17406-0
https://doi.org/10.1038/ki.2010.351
https://doi.org/10.1681/ASN.2009040390
https://doi.org/10.1111/j.1600-6143.2006.01352.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Plasma Macrophage Migration Inhibitory Factor Predicts Graft Function Following Kidney Transplantation: A Prospective Cohort Study
	Introduction
	Methods
	Study Design
	Data Source and Immunosuppressive Regimen
	Sample Collection and Detection
	Statistical Analysis

	Results
	Demographic Data of Recipients and Donors
	Differences in Plasma MIF in Perioperative Patients Undergoing Kidney Transplant
	Distinction of Intraoperative Plasma MIF Among 77 Patients of Different Graft Function
	MIF Is an Independent Protective Factor for Delayed Graft Function
	Predictive Value of Plasma MIF for Delayed Graft Function
	MIF Is Related to Graft Function 1-Month Post-transplant

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


