MEDICAL
SCIENCE

L4

MONITOR

Received: 2018.09.19
Accepted: 2018.10.18
Published: 2018.11.05

Authors’ Contribution: ACE
Study Design A AE
Data Collection B
Statistical Analysis C BC
Data Interpretation D DF
Manuscript Preparation E BCE
Literature Search F
Funds Collection G ADF
CF
EF
FG
AEG

Corresponding Author:
Source of support:

e T e T e e T e B B S T

CLINICAL RESEARCH

e-ISSN 1643-3750
© Med Sci Monit, 2018; 24: 7936-7943
DOI: 10.12659/MSM.913274

The Value of Older Donors’ Klotho Level in
Predicting Recipients’ Short-Term Renal Function

Gengguo Deng* 1 Department of Organ Transplantation, Guangdong Second Provincial General

Anli Yang* Hospital, Guangzhou, Guangdong, P.R. China

. . 2 Department of Breast Oncology, Sun Yat-sen University Cancer Center, State
Jlaqlng Wu Key Laboratory of Oncology in South China, Collaborative Innovation Center for
Jiexue Zhou Cancer Medicine, Guangzhou, Guangdong, P.R. China

Shandong Meng
Chunli Zhu
Jianfu Wang
Sheng Shen
Juan Ma

Dong Liu

* Gengguo Deng and Anli Yang contributed equally to this study
Dong Liu, e-mail: Ld177@163.com
This study was supported by the Science and Technology Program of Guangzhou, China (201707010366)

Background:

Material/Methods:

Results:

Conclusions:

MeSH Keywords:

Full-text PDF:

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

The present organ shortage has led to increased use of kidneys from expanded-criteria donors, but the prog-
nosis is disappointing due to poor graft quality. As a promising kidney protector, the Klotho gene’s role in pre-
dicting short-term prognosis has not been assessed.

We retrospectively analyzed data from 41 recipients and 25 donors. Multiple clinical variables were compared
between different subgroups of donors or their corresponding recipients. The area under the receiver operating
characteristic curve (AUROC) was used to evaluate the distinguishing ability. Dynamic changes in serum Klotho,
FGF-23, and urinary NGAL were assessed.

Serum Klotho level was significantly lower in donors age >50 years (p=0.017), and there was a moderate neg-
ative correlation between serum Klotho expression and age (r=—0.464, p=0.019). Moreover, detection of Klotho
mRNA and immunohistochemical analysis in kidneys revealed the same trend as in serum. Furthermore, for older
donors (age >50 years), serum Klotho level had a strong negative correlation with recipient eGFR 1 month post-
transplant (r=—0.686, p=0.007), which was proved to be a good predictor for estimating graft function by ROC
analysis. Additionally, during the post-transplant follow-up, serum Klotho levels increased slightly after a tem-
porary decline, while serum FGF-23 and urinary NGAL decreased significantly and then stayed low thereafter.
Klotho level, which decreases with age, may be a potential predictor of short-term renal function, especially
for grafts from older donors.
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Background

Expansion of the organ pool from use of expanded-criteria
donor organs is a potential answer to the current organ
shortage, which has long restricted the development of trans-
plantation. However, the general prognosis of organs from older
donor tends to be worse than those from younger ones. In renal
transplantation, kidneys donated by older donors have higher
incidence of delayed graft function (DGF) and calcineurin inhib-
itors (CNI) nephrotoxicity, which reduces long-term graft sur-
vival [1]. To optimize the quality of renal grafts, shortening the
cold ischemia time (CIT), using machine perfusion, and other
novel preservation methods are of great importance [2]. To pre-
vent immune and nonimmune damage, timely monitoring and
interventions after surgery help improve graft outcome [3,4].

As a famous anti-aging gene encoding a single-pass trans-
membrane protein, the Klotho gene was first identified in
1997 [5]. The kidneys are the main source and principal target
of Klotho, which mediate Klotho’s effect [6]. Both secretory form
and membrane form of Klotho exert prominent influences by
regulating phosphate excretion and synthesis of active vita-
min D in the kidneys, as well as having anti-aging activity [7].
According to recent reports, the secretory form has been shown
to contribute far more biologically than the membrane one [8].
Moreover, Erben found that Klotho has a renal-protective effect
via the fibroblast growth factor-23 (FGF-23)/Klotho signaling
axis [9]. Emerging evidence has revealed that Klotho not only
functions as a renoprotective factor, but also is closely asso-
ciated with the degree of renal injury [10,11]. The kidneys of
older people are more vulnerable to acute kidney injury (AKI),
which occurs during organ procurement and severely restricts
recipient prognosis [12]. The published literature on the role
of Klotho in predicting renal transplant outcomes is sparse.
Thus, we conducted the present study to assess the value of
Klotho in renal transplantation and the correlation between
Klotho expression and patient prognosis.

Material and Method

Study population and data collection

We enrolled 50 recipients and their corresponding donors (25)
who underwent renal transplantation at Guangdong Second
Provincial General Hospital between November 2015 and March
2017. Eight recipients were excluded for missing data or sam-
ples, and 1 patient was eliminated due to postoperative death.
Finally, there were 41 recipients and 25 donors monitored
and analyzed in this study. All recipients provided written in-
formed consent. The study was approved by the Medical Ethics
Committee of Guangdong Second Provincial General Hospital
and was conducted in accordance with the principles of the
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Declaration of Helsinki. None of the transplant donors were
from a vulnerable population, and all donors or next of kin
provided written informed consent that was freely given. All
organ donations and transplantations were approved by the
Institutional Review Board of Guangdong Second Provincial
General Hospital under the guidelines of National Health and
Family Planning Commission and the current regulations of
the Chinese government.

Classification and immunosuppressive regimen

We divided donors into an older subgroup (age >50 years) and
a younger subgroup (age <50 years). Consequently, their re-
cipients were categorized into 2 subgroups according to their
corresponding donor division. A standard maintenance im-
munosuppressive regimen of cyclosporine (CsA)/tacrolimus,
mycophenolate mofetil (MMF), and prednisone was adminis-
tered to transplanted recipients.

Data collection and laboratory tests

Demographic and clinical variables were recorded, including
donor sex, age, and cause of death, as well as recipient sex,
age, body mass index (BMI), dialysis duration, human leuco-
cyte antigen (HLA) mismatch, occurrence of DGF, episode of
rejection, immunosuppressant use, and CIT. Donors’ blood and
urine samples were collected 24 h prior to organ procurement.
We also collected recipients’ blood and urine samples for lab-
oratory tests. All samples were centrifuged at 1500 g and 4°C
within 4 h of collection. The supernatants were stored in ali-
quots at -80°C for detecting serum levels of creatinine, calcium,
phosphate, uric acid (UA), Klotho, and FGF-23, as well as uri-
nary levels of neutrophil gelatinase-associated lipocalin (NGAL).
Estimated glomerular filtration rates (eGFR, MDRD) of recip-
ients were also calculated. Serum Klotho (Immuno Biological
Laboratories Co., Tokyo, Japan, 27998), intact FGF-23 (R&D
Systems, Minneapolis, MN, USA, DY2604-05), and urinary NGAL
(R&D Systems, Minneapolis, MN, USA, DLCN20) were measured
with enzyme-linked immunoadsorbent assay (ELISA) kits. Serum
creatinine, calcium, phosphate, and UA were determined with
a Johnson VITROS 5600 clinical analyzer (Johnson & Johnson
Family of Companies, New Brunswick, NJ, USA).

Histological change and gene expression of Klotho in renal
allograft

Pre-transplant renal biopsies were collected and immediately
fixed in 4% buffered formalin, then dehydrated in ethanol
and embedded in paraffin. The paraffin-embedded kidney
sections (5 pm) were stained with a rabbit polyclonal anti-
Klotho antibody (1: 250 dilution, Abcam, Hong Kong, ab98111),
deparaffinized, and incubated with a goat polyclonal antibody
to rabbit immunoglobulin G (MultiVision Detection system).
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Negative controls were stained with isotype control antibody.
Klotho expression was scanned in an imaging system (FV1200,
Olympus, Tokyo, Japan).

Total RNA was extracted from zero-time renal biopsies
using Trizol (Sigma, T9424) according to the manufacturers’
instruction. The following specific primers were used for
RNA amplification and quantification: forward primer
5’-GAACCTGCCTGCCCTTTCTC-3’ and reverse primer
5’-AATCTCCAGAGCCGAAAATGG-3’ for human Klotho; Forward
primer 5’-GATTCCACCCATGGCAAATT-3’ and reverse primer
5’-TCTCGCTCCTGGAAGATGGT-3’ for glyceraldehyde-3 phos-
phate dehydrogenase (GAPDH). Real-time PCR for Klotho was
conducted using the SYBR Premix Ex Tag™ Il Kit (Takara Bio,
Kusatsu, Shiga, Japan, RR820L) and PrimeScript™ RT reagent
kit (Takara Bio, Kusatsu, Shiga, Japan, RRO37A) in a C1000
Thermal cycler (Bio-Rad Laboratories, California, USA) and the
ABI Prism 7300 Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA). Results were normalized with GAPDH
using 2724% method.

Statistical analysis

All data were analyzed using SPSS 22.0 (IBM Co., NY, USA) and
GraphPad Prism 7 (GraphPad, San Diego, CA). Measurement
data with normal distribution are presented as +SD and me-
dian (25 to 75" percentile) for those with non-normal dis-
tribution. Categorical variables are expressed as percentages.
Differences in data with normal distribution and non-normal
distribution between groups were evaluated by t test and
Mann-Whitney U test, respectively. Categorical data were com-
pared using the chi-square test. Correlations between variables
were assessed by Pearson correlation analysis. The area under
the receiver operating characteristic (ROC) curve was used for
measuring the ability of donor serum Klotho to predict graft

Table 1. Comparison of donor characteristics of the 2 subgroups.
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25 donors and 50 renal transplant recipients

9 recipients excluded:

« 6 missed basic data or samples
+ 2 missed donor data

« 1 death

| 25 donors and 41 recipients included |
I
v v

9 donors aged >50 years and 16 donors aged <50 years and
14 corresponding recipients 27 corresponding recipients

| |

Compare and analyze basic and clinical data, explore
predictive value of donor Klotho

Figure 1. Study profile.

function. P values less than 0.05 were considered to be sta-
tistically significant.

Results

Baseline characteristics of the donor

A schematic depiction of our study protocol is provided in
Figure 1. There were 25 donors (male: female=18: 7) included
in our study (Table 1). The causes of death were stroke (36.0%),
trauma (52.0%), and others (12.0%). The median serum creat-
inine, FGF-23, and mean urinary NGAL were 98.0 (75.0-140.0)
umol/L, 269.9 (109.2-1014.0) pg/ml, and 21.9+13.0 ng/ml,
respectively. There were 9 donors in the older subgroup and
16 donors in the younger subgroup. No statistical differences
were seen in serum creatinine, FGF-23, or urinary NGAL be-
tween the 2 subgroups.

Parameter All subjects Age >50 Age <50 p Value
Sex (M/F) 18/7 7/2 11/5 1.000
CAge(years  382:144 522473 303«110 0000
CCauseofdeath 0530
"""" Stoke,n (%) 9 (360) 4 @44 5613
 Tauman@®) 13 5200 5 (556) s (000
"""" Othersn(%) 30120 o ©  3@n
| Serum creatinine (umol/l) 980 (75.0-1400) 970 (765-189.0) 1105 (705-1368) 0865
 SerumKlotho (pg/ml) 9545 (673.7-1589.8) 6584 (394.5-1040.1) 11208 (8049-17250) 0017
CSerumFGF-23 (pg/ml) 2699 (1092-10140) 2411 (421-9266)  427.2 (1645-10646) 0282
Urinary NGAL (ng/ml) 219¢130 202:125 281136 0651

FGF-23 — fibroblast growth factor-23; NGAL — neutrophil gelatinase-associated lipocalin.
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Figure 2. Klotho changes in donors. (A) Correlation between donor serum Klotho level and age. (B) Comparisons of serum Klotho
levels between donors aged 250 years and <50 years (n=25). (C) Comparison of Klotho expression in zero-time renal biopsies
between donors aged >50 years and those <50 years. (D) Representative images of immunohistochemical staining for Klotho
in pretransplant renal biopsies in both subgroups as well as negative control. r — Pearson correlation coefficient; * p<0.05,

** p¢0.01, *** p<0.001.

Klotho expression decreased in donors aged >50 years

The median serum Klotho level was 954.5 (673.7-1589.8) pg/ml
at organ procurement. A moderate negative correlation be-
tween donor serum Klotho level and age (r=—0.464, p=0.019,
Figure 2A) was found. Serum Klotho in the older subgroup was
significantly lower than in the younger subgroup (p=0.017,
Figure 2B). Furthermore, we detected and compared Klotho
RNA transcription in renal biopsies between the 2 subgroups.
Relative mRNA level in the kidneys showed the same trend as
serum Klotho (p=0.011, Figure 2C). We also confirmed these
results by immunohistochemical analysis (Figure 2D).

Baseline characteristics and clinical variables of recipients

We analyzed recipients’ clinical variables at 1 month (M1), 3
months (M3), and 1 year (Y1) post-transplantation (Table 2).
No significant differences were found between the 2 sub-
groups of recipients except for age and DGF rate (p=0.008
and p=0.034, respectively). The median serum creatinine
levels at M1 and M3 were significantly higher in recipients of
the older subgroup than those in the younger subgroup (M1:
149.0 (120.8-203.8) umol/L vs. 110.0 (81.0-133.0) umol/L,

p=0.000; M3: 193.0 (121.3-188.5) umol/L vs. 99.0 (84.0-140.0)
umol/L, p=0.004). Similar results were found in eGFR at the
same time (M1: 44.2+15.5 ml/min/1.73 m? vs. 62.1+16.5
ml/min/1.73 m?, p=0.002; M3: 50.6+17.5 ml/min/1.73 m? vs.
66.9421.5 ml/min/1.73 m?, p=0.019). We found no significant
difference in serum creatinine or eGFR at Y1.

A strong negative correlation was seen between serum Klotho
of older donors and eGFR of the corresponding recipients at
M1 (r=-0.686, p=0.007, Table 3). No correlations were found
at other time points or in the younger subgroup. ROC analysis
showed that serum Klotho in the older subgroup was a predictor
for graft insufficiency at M1 (p=0.035, Table 4). The area under
the curve (AUC) was 0.837 (95%Cl: 0.612-1.000). At the op-
timal cutoff value of 727.4 pg/ml, sensitivity and specificity
were 0.714 and 0.857, respectively.

Dynamic changes of recipient serum Klotho, FGF-23, and
urinary NGAL

During the 1-year follow-up period, we monitored the dy-
namic changes in serum Klotho, FGF-23, and urinary NGAL in
each subgroup. Dynamic changes of recipient serum Klotho,
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Table 2. Comparison of recipient characteristics of the 2 subgroups.

Parameter All subjects Donor age >50 Donor age <50 p value

Sex (M/F) 25/16 11/3 14/13 0.096
Age(years  392s101 449:107 363486 0008

BMI (kg/m?) 21.4 (19.1-23.7) 22.5 (19.9-23.9) 20.0 (17.9-22.8) 0.226
 Dialysis duration (months) 120 (55-51.5) 115 (58295 160 (5.0-630) 0441
O (minutes) 617242288 556.6£188.1 648742446 0226
 HLAmismatch (A, B,DR) 640 (3.0-5.0) 40 (30-40) 40 (050 0639
T 303 314 o o@® 0034
Rejection,n (%) 6 (146) 2 143 4 (148 0964
Cmmunosuppressant 0355
"""" Cyclosporin,n (%) 11 (268 5@sn)  6@2 -
. Tacolimus,n %) 0 (732 o (643 2 778 -
M1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
 Serum creatinine (umol/l) 1200 (945-1565) 1490 (120.8-2038) 1100 (810-1330) 0000
CeGRR (mUmin/173m)  seox1sl sa2s155 621:165 0002
 Serum calcium (mmol/l) 24 2325 23 2325 24 23260 0141
* Serum phosphate (mmol/l) 11 (09-13) 12 (10-18) 10 (09-13) 0102
SeumUA(umoll)  387.3:854  4037¢10L5 37874765 0381
| SerumKlotho (pg/ml) 37941354 3433:1386 39811324 0223
| Serum FGF-23 (pg/m) 5034 (1725-24019) 5415 (172.6-3478.6) 5934 (1653-1620.7) 0805
| Urinary NGAL (ng/m) 69 21-133) 122 (21-194) 46 (0-113) 0178
M3 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
| Serum creatinine (umol/l) 1210 (95.5-1425) 1930 (121.3-1885)  99.0 (840-140.0) 0004

eGFR (ml/min/1.73 m?) 61.3+21.4 50.6+17.5 66.9+21.5 0.019
Serum calcium (mmol/) 25:001 25002 25001 0738
© Serum phosphate (mmol/l) 12603 1303 12¢03 0206
SeumUA(umoll)  4015:1095 409741160 397241080 0733
 Serum Klotho (pg/m) ! 542.1 (3703-7315) 4449 (3209-6118) 6217 (423.9-8729) 0054
| Serum FGF-23 (pg/m) 3251 (1346-9010) 2806 (1138-18044) 357.8 (140.8-7716) 0934
| Urinary NGAL (ng/m) 58 (22-140) 88 22-243 44 @1-108) 0458
y1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
 Serum creatinine (umol/l) 1300 (91.5-1535) 1220 (90.8-1688) 1330 (930-1640) 0536

eGFR (ml/min/1.73 m?) 57.7425.7 59.0+25.9 57.0+£26.0 0.822
CSerum calcium (mmol/) 2401 2401 2402 0932
© Serum phosphate (mmol/l) 12 (1.0-13) 12 (1114 12 (L0-1) 0156
SeumUA(moll)  405.6+1101  407.3¢99.1  4047¢1172 0944
* Serum Klotho (pg/m) 5046 (417.4-860.0) 5257 (4234-9037) 5946 (4156-8637) 0869
© Serum FGF-23 (pg/m) 1032 (568-1693) 1521 (87.3-2935) 738 (486-1487) 0061
| Urinary NGAL (ng/m) 86 36222 62 (30493 86 (36-141) 0912

BMI — body mass index; CIT — cold ischemia time; DGF — delayed graft function; eGFR — estimated glomerular filtration rate; FGF-23
— fibroblast growth factor-23; HLA — human leucocyte antigen; NGAL — neutrophil gelatinase-associated lipocalin; UA — uric acid.
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Table 3. Correlation coefficients between donor serum Klotho and graft function in the 2 subgroups.

eGFR at various Donor age >50 Log Klotho (pg/ml) Donor age <50 Log Klotho (pg/ml)
time points

eGFR (ml/min/1.73 m?), estimated glomerular filtration rate.

Table 4. ROC analysis of donor Klotho in diagnosis of graft insufficiency at 1 month post-transplant in both subgroups.

Donor age >50 Donor age <50
o ifici
(95% CI) (pg/m) ficit (95% CI) (pg/ml) Sensitivity Specific
Donor 0.837 0.668
Klotho  (0.612—1.000) 727.4 0.714 0.857 0.035 (0.474-0.862) 1120.8 0.800 0.636 0.248

AUC - the area under curve; Cl — confidence interval.

A B p=0.000
*X¥
p=0.000

p=0.000 *R%

= = — =0.000

= 2000 - £ 40000 1 g 000 P

g 2 _ KRX

2 p=0.000 < =

5 1500 1 ¥ 530000 -

= p=0.049 - =

2 _* =

£ 1000 - £ 20000 1

= =

o o

s 5

5 500 S 10000 -

g o : . g oA

Donor age =50 Donor age <50 Donor age >50 Donor age <50
p=0.000
c *%¥%
- p=0.000

~ . P-g;?&o KKK

£ p=0.000

=3 p=0.000 K%

= = [ Day 0 post-transplant

2 60 A W 1 month post-transplant

z I 3 months post-transplant

£ [ 1 year post-transplant

g 401

=3

S 0 : ;

Donor age =50 Donor age <50

Figure 3. Box-plot graphs for recipients’ serum Klotho (A), FGF-23 (B), and urinary NGAL (C) at DO, M1, M3, and Y1 post-transplant.
FGF-23 — fibroblast growth factor-23; NGAL — neutrophil gelatinase-associated lipocalin; * p<0.05, ** p<0.01, *** p<0.001.
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FGF-23, and urinary NGAL at day 0 (D0), M1, M3, and Y1 are
shown in Figure 3. Serum Klotho levels increased slightly after
a temporary decline after transplantation. Serum FGF-23 and
urinary NGAL decreased significantly after renal transplant in
both subgroups and remained low thereafter.

Discussion

The present study is the first to demonstrate that Klotho expres-
sion is negatively correlated with donor’s age and is associated
with short-term outcomes of renal recipients, but for patient
receiving a kidney from a donor aged >50 years, donor serum
Klotho was negatively correlated with renal function at M1.

It has been proved that Klotho deficiency leads to premature
aging syndrome in mice [5]. This anti-aging property is me-
diated by its soluble form via regulating the insulin signaling
pathway and preventing oxidative stress, fibrosis, and vascular
calcium deposits [13]. As the main source of Klotho, the kid-
neys are the principal organ mediating Klotho’s effect. During
organ procurement, ischemia kidney injury inevitably occurs
and changes Klotho expression. Many previous studies have
found that renal ischemia/reperfusion injury has obvious rele-
vance to Klotho production. Castellano et al. confirmed that a
remarkable reduction in Klotho was observed during 24-h isch-
emia/reperfusion injury in an experimental swine model [14].
A cross-sectional case-control study conducted by Seibert
showed serum Klotho level in AKI patients was much higher
than that in healthy adults [15]. Notably, Klotho restoration
attenuated renal damage from IRI-induced AKI and promoted
its recovery [16,17]. In accordance with previous research, we
found a mild elevation in donor serum Klotho when compared
with healthy subjects, but the difference was not statistically
significant (data not shown here).

In our study, a large portion of donors aged >50 years presented
abnormal renal function or had a history of hypertension.
Therefore, we chose 50 years old, which is the lower age limit
of expanded criteria donors (ECD), as the cutoff value to di-
vide donors into older and younger subgroups. Theoretically,
older donors’ kidneys are susceptible to AKI and has less com-
pensatory capacity due to aging [18]. Our results suggest that
younger kidneys possess more Klotho storage and better re-
sponse than older kidneys when subjected to ischemia injury
during procurement. Moreover, the finding of a strong corre-
lation between serum Klotho levels of older donors (age >50
years) and short-term renal function of their corresponding
recipients are in line with the idea that Klotho serves as a reno-
protector in AKI [16,19] . ROC analysis indicated that donor
serum Klotho level is a good predictor of renal function at M1.
In other words, for donors aged >50 years, serum Klotho level
can be used to roughly estimate short-term renal function.

DengG. et al.:
The value of older donors’ Klotho level...
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During the 1-year follow-up period, we monitored the dynamic
changes in serum Klotho levels, FGF-23, and urinary NGAL in
each subgroup. Due to hemodilution and less accumulation
of injury, serum Klotho levels in both subgroups of patients
declined slightly at the early post-transplant stage. However,
serum Klotho levels started to rise again after a short period
of time. One explanation for this phenomenon is that kid-
neys are inevitably damaged by immune and nonimmune
factors, including acute rejection, DGF, and post-transplant
CNI toxicity [20]. FGF-23, a bone-derived hormone, primarily
acts on the kidneys by maintaining phosphate homeostasis via
the FGF-23/Klotho signaling axis, which requires membrane
Klotho as an obligate co-receptor, while the secreted Klotho
functions as a endocrine factor independent of FGF-23 [21].
In our study, a sharp decline of serum FGF-23 levels was ob-
served in both subgroups. We also found that urinary NGAL
was useful in evaluating renal allograft injury at the same time.
NGAL has been shown to be a novel biomarker for evaluating
AKI in the field of renal transplantation [22]. The similar de-
grees of acute renal damage might be responsible for the
nonsignificant difference found in urinary NGAL between the
2 subgroups. Additionally, for recipients of younger donors’
kidneys, their relatively higher serum Klotho and lower urinary
NGAL at M1 and M3 exhibited advanced Klotho accumulation
and better repair capacity, and the significantly higher eGFR
and lower creatinine at the same time point support this. The
stable serum calcium and phosphate levels in renal recipients
during the follow-up period, to a limited extent, profited from
sufficient membrane Klotho in each group protecting against
calcium and phosphate disorders.

There are several limitations of our study. First, the small sample
size limited the statistical power to detect differences and made
it difficult to draw definite conclusions. Second, since our do-
nors were mainly brain- or cardiac-dead donors, the results
might be unsuitable for generalizing to other centers where
living donor transplants are more frequently performed. Third,
the retrospective and single-center features were accompanied
by higher risk of causing bias. Finally, owing to lack of proce-
dural biopsies, data on Klotho expression and renal injuries
were unavailable for measurement during the follow-up period.
Despite these limitations, our study shows the predictive and
renoprotective utility of Klotho in renal transplantation, sug-
gesting that monitoring and restoring Klotho levels can con-
tribute to improvement of renal graft function.

Conclusions

The present study is the first to show that there is a moderate
negative correlation between donors’ serum Klotho expression
and their age. Donor serum Klotho level is negatively correlated
with recipient’s renal function at 1 month post-transplant when
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the donor is older than 50 years old. Klotho is likely to exhibit
renoprotective effects against ischemia renal injury during
organ procurement as well as graft damage following trans-
plantation. Our work may provide a novel and meaningful in-
dicator for use in clinical practice. A multicenter study with

CLINICAL RESEARCH

more subjects should be performed to further confirm the
value of Klotho in renal transplantation, and well-designed
animal studies are needed to clarify the renoprotective mech-
anism of Klotho.
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