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Non-invasive biomarkers of graft rejection are needed to optimize the management and outcomes of kidney
transplant recipients. Urinary excretion of IFN-y-related chemokine CXCL10 is clearly associated with clinical
and subclinical T cell-mediated graft inflammation, but its relationship with antibody-mediated damage has
not been fully addressed. Further, the variables influencing levels of urinary CXCL10 excretion are unknown.
A total of 151 kidney graft biopsies (92 surveillance and 59 indication biopsies) and 151 matched urine sam-
ples obtained before biopsy were prospectively analyzed. T cell-mediated rejection (TCMR) and antibody-me-
diated rejection (AbMR) were defined according to the 2017 Banff classification criteria. Urinary CXCL10 levels
were measured by ELISA and corrected by urinary creatinine.

Banff scores ‘t’, ‘1", ‘g’, and ‘ptc’ were significantly related to urinary CXCL10 levels. Multivariate analysis showed
that ' (3=0.107, P=0.001) and ‘ptc’ (3=0.093, P=0.002) were significantly associated with urinary CXCL10. Donor-
specific antibodies (DSAs) were related to the high excretion of urinary CXCL10 at 1 year after transplanta-
tion (odds ratio [OR] 17.817, P=0.003). Urinary CXCL10 showed good discrimination ability for AbMR (AUC-ROC
0.760, P=0.001). The third tertile of urinary CXCL10 remained significantly associated with AbMR (OR 4.577,
95% confidence interval 1.799-11.646, P=0.001) after multivariate regression analysis.

DSA was the only variable clearly related to high urinary CXCL10 levels. Urinary CXCL10 is a good non-invasive
candidate biomarker of AbMR and TCMR, supplying information independent of renal function and other vari-
ables normally used to monitor kidney transplants.
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Background

Kidney transplantation is the best therapy for patients with
end-stage renal disease. The need for patients to return to di-
alysis after kidney graft failure is a significant problem and is
associated with a high mortality rate, sensitization, deteriora-
tion of quality of life, and necessity of relisting on the trans-
plant waiting list [1,2]. Although the kidney graft half-life has
improved in recent years, this has been mainly due to better
short-term graft survival, whereas the occurrence rate of long-
term graft loss has remained stable [3]. Alloimmune-mediated
damage has been identified as the main mechanism responsi-
ble for most graft losses [4,5]. A recent study reported that un-
specific chronic injury is found in up to 21% of the last biop-
sies performed before graft loss and identified that a previous
rejection episode had occurred in 73% of these patients [6].

The routine follow-up of kidney transplant recipients has tradi-
tionally consisted of monitoring serum creatinine, immunosup-
pressive blood levels, urinary sediment, and protein excretion,
and, more recently, BK poliomavirus viremia and donor-specif-
ic antibodies (DSAs) [7,8]. However, it is known that some kid-
ney transplant recipients can develop significant cellular-medi-
ated or antibody-mediated inflammation, which is detectable
only by an invasive test such as a kidney biopsy [9]. This sub-
clinical inflammation can lead to further graft damage and graft
loss [10-12], and its therapy can improve the outcome of the
kidney graft [12-14]. Unfortunately, surveillance biopsies (also
known as protocol or for-cause biopsies) of the kidney graft cre-
ate risks to the patient and are expensive and cumbersome, lim-
iting the possibility of repeating the procedure [15]. Moreover,
sampling error and a lack of agreement among pathologists can
reduce the usefulness of surveillance biopsies [16]. Therefore,
non-invasive and objective biomarkers are needed in the field
of kidney transplantation for the precise diagnosis and monitor-
ing of patients [17]. There are some serum biomarkers that re-
late to different histological findings, but urine biomarkers could
be preferable for following kidney transplant recipients because
urine sampling is a truly non-invasive technique, allowing for re-
peatability. Also, urine molecules reflect the activity taking place
inside the kidney graft. Among the urinary biomarkers, the IFN-
v-related chemokines C-X-C motif chemokine 9 (CXCL9) and
CXCL10 have received much attention and have been analyzed
at the RNA and protein level. Many studies found a clear rela-
tionship between these chemokines and clinical and subclinical
T cell-mediated graft inflammation [18-37]. Since 2015, 3 stud-
ies have reported that CXCCL10 relates not only to T cell-medi-
ated inflammation but also to antibody-mediated graft damage
[30,31,35], although the results of 2 other studies did not find
the same relationship [26,27]. However, these 5 studies did not
use the latest 2017 Banff classification of antibody-mediated
rejection (AbMR) [38]. Also, the factors related to the levels of
CXCL10 were not fully addressed in these studies or elsewhere.
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We performed a prospective study to analyze the relationship
between AbMR, classified according to the 2017 Banff criteria
of AbMR, and the urinary excretion levels of CXCL10 and the
histological findings of indication and surveillance biopsies. We
also analyzed the potential factors related to urinary CXCL10
values, focusing on immunosuppressive drug-related variables.

Material and Methods

Between February 2015 and October 2018, all patients who
underwent a kidney graft biopsy after having a deceased do-
nor or living donor cytotoxicity negative cross-matched kid-
ney transplantation performed in our center were considered
for this prospective study. Biopsies were conducted using a
16-gauge needle with ultrasound guidance. Indication biopsies,
which are those taken to assess the cause of graft dysfunc-
tion, were performed when the level of creatinine increased
by 25% or more over its previous value or when there was
persistence of proteinuria >1 g per day. Since 2012, our cen-
ter has been routinely conducting surveillance biopsies at 1
year after transplantation for all kidney transplant recipients
who agree to the procedure. This study was conducted accord-
ing to the guidelines of the Declaration of Helsinki and was
approved by the Ethics Committee of Clinical Investigation of
Cantabria (2014.161). All patients included in the study gave
their written informed consent.

One indication and 2 surveillance biopsies were not includ-
ed in the study because the samples were inadequate [39].
Two experienced pathologists scored the biopsies according
to 2013 Banff classification system. The biopsy samples were
reviewed to define T cell-mediated rejection (TCMR) and AbMR,
according to the 2017 Banff diagnostic categories. An ‘acute’
Banff score was calculated by adding the following scores: ‘t’
(tubulitis) + ‘" (interstitial inflammation) + ‘v’ (intimal arteri-
tis) + ‘g’ (glomerulitis). A ‘chronic’ Banff score was calculat-
ed by adding the following scores: ‘ct’ (tubular atrophy) + ‘ci’
(interstitial fibrosis) + ‘cv’ (vascular fibrous intimal thicken-
ing) + ‘cg’ (glomerular basement membrane double contours).

Urine samples were collected on the day of the surveillance
or indication biopsy prior to the biopsy procedure. The biopsy
samples were separated by centrifugation and the supernatants
were aliquoted and frozen at —80°C. The urinary excretion levels
of CXCL10 were measured using a commercial enzyme-linked
immunoassay (ELISA) kit (Human CXCL10/IP-10 Quantikine
ELISA kit, Cat DIP100, R&D Systems, Inc., Minneapolis, MN,
USA). Each sample was assayed in duplicate and the average
value was used for analysis. CXCL10 values were corrected by
urinary creatinine (CXCL10/Cr) to correct for potential dilution.
Urine creatinine was assayed by the automated Jaffé method
in an Atellica™ Analyzer (Siemens Healthcare Diagnostics, Inc.,
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Tarrytown, NY, USA). Urinalysis was also tested at the time of
urine collection and the number of leukocytes/mL was record-
ed. The clinicians and pathologists were blinded to the results
of the urinary CXCL10.

Lastly, we analyzed the relationship between the 151 kid-
ney graft biopsies (92 surveillance biopsies and 59 indica-
tion biopsies) and the 151 matched urinary CXCL10/Cr re-
sults. Also, between March 2015 and January 2017, a total of
42 urine samples were prospectively collected 6 months af-
ter transplantation.

Standard immunosuppressive therapy in our center consisted
of the use of tacrolimus, mycophenolate mofetil, and predni-
sone. During the study period, some patients received initial
immunosuppressive therapy with everolimus and tacrolimus
because of their participation in a clinical trial. Throughout the
first year, some patients with a low rejection risk were with-
drawn from prednisone. Recipients of organs from expanded
criteria donors and at risk of delayed graft function received
induction therapy with basiliximab. Thymoglobulin was used
as induction therapy when patients had received simultane-
ous pancreas and kidney transplantation or organs obtained
from controlled donation after cardiac death (DCD) or when
they experienced hypersensitization. From 2014 to July 2016,
all recipients of DCD organs received induction with thymoglob-
ulin and delayed tacrolimus initiation, whereas from August
2016 on, the induction therapy was changed to basiliximab.

In the indication biopsy group, the biopsies were performed
at a median of 23.4 months (range, 0.5 month to 183 months)
after transplantation. At the time of biopsy, patients were re-
ceiving a mean prednisone dose of 5.2+4.1 mg, and their im-
munosuppressive therapy consisted of tacrolimus (58 patients),
mycophenolate mofetil (51 patients), and mTOR inhibitors (9
patients). In the surveillance biopsy group, biopsies were con-
ducted 1 year after transplantation, and initial immunosup-
pression consisted mainly of tacrolimus, prednisone, and my-
cophenolate mofetil. Induction therapy was used in 65 kidney
transplant recipients. Steroid therapy was withdrawn in 17 pa-
tients at 6 months.

Relevant information about recipient, donor, and transplant
characteristics was retrospectively extracted from the pro-
spectively maintained database of renal transplant patients
at our center. The presence of pretransplant DSA was detected
by Luminex or a flow cross-match test. The checking for post-
transplant development of DSAs was routinely performed ev-
ery 3 months during the first year and yearly thereafter, or by
clinical indication. Serum creatinine levels and 24-h protein-
uria were measured on the day of biopsy. The tacrolimus tar-
get trough blood levels for months 4 to 12 were 6 to 10 ng/mL.
The variability of tacrolimus blood levels was estimated by
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means of the coefficient of variation (CV) calculated accord-
ing to the following equation:

CV (%)=(0/p)x100,

where ¢ is the standard deviation, and p is the mean tacrolim-
us concentration of all available samples. The percent of time
under the lower target level (6 ng/mL) was also calculated from
all available tacrolimus trough levels throughout the first year.

Statistical analysis

Continuous variables were expressed as meantstandard de-
viation. Categorical variables were described as relative fre-
quencies. CXCL10/Cr was analyzed as a continuous and a di-
chotomic variable (the highest tertile vs medium and lowest
tertiles). The Spearman’s rank correlation coefficient and an
unsupervised hierarchical clustering analysis were used to ex-
plore the relationship between urinary CXCL10/Cr and Banff
scores. Multivariate lineal regression analysis was used to find
the relationship of individual Banff scores with the logarithm
of urinary CXCL10/Cr. Variables related with the highest ter-
tile of urinary CXCL10/Cr were analyzed by t test, chi-square
analysis, and multivariate logistic regression analysis. The
ability of urinary CXCL10/Cr to discriminate TCMR and AbMR
was analyzed by constructing receiver operating characteris-
tic (ROC) curves. The Youden index was estimated from the
ROC curve to calculate the optimal threshold value. These cut-
off values were used to calculate sensitivity and specificity of
urinary CXCL10/Cr for diagnosing TCMR and AbMR. Variables
related with TCMR and AbMR were analyzed using t test, chi-
square analysis, and multivariate logistic regression analysis.
A P value less than 0.05 was considered statistically signifi-
cant. Statistical analyses were performed with SPSS, version
15.0 (SPSS, Inc, Chicago, IL, USA).

Results

Patient and transplant characteristics are shown in Table 1.

Urinary CXCL10/Cr relates to tubular and peritubular
inflammation

The results of the Spearman correlation analysis between the
logarithm of urinary CXCL10/Cr and Banff scores are shown in
Table 2. Most acute Banff scores were significantly correlated
with urinary CXCL10/Cr. The sum of scores of the tubular and
peritubular capillary compartment (‘t'+‘ptc’) was also signifi-
cantly correlated with urinary CXCL10/Cr (rh0o=0.360, P=0.001).
Acute Banff score (‘t’+9'+v'+'g’) was correlated with urinary
CXCL10/Cr (rho=0.390, P<0.001), whereas chronic Banff score
(‘ct’+‘ci’+‘cv’+‘cg’) was not correlated with urinary CXCL10/Cr
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Table 1. Main patient and transplant characteristics and variables related to both clinical and subclinical antibody-mediated rejection
(AbMR) and T cell-mediated rejection (TCMR).

All patients No AbMR No TCMR

(n=151) (n=99) (n=115)

Recipient age (years) 49.2+12.6 50.6+12.1 46.3£13.1 0.039 50.5+12.0 45.3+14.0 0.032

Tacrolimus blood level at

——— 7.9+2.6 8.12.7 75¢24 0176 7.9+2.5 80+28 0853
| et e 172% 182% 154% 0665 183% 139% 0544
| Thymoglobutin induction. R 503% 295% s19% 0777 s530% 389% 0116
Coef 210% 172% 308% 0055 3% 139% 0185
* Creatinine at biopsy (mg/dl)  1.59+0.81 1435069  190£0.93 0001 1508070 1894104 0010
eGFR at biopsy 55424 61423 45£20  <0.001 58424 45¢21  0.002
(ml/min/1.73 m?)
* Proteinuria at biopsy (mg/day) 9401656  606£1137 157942226 0004  835:1620 127541748 0165

ORIOrEs Plehe 155241543  12.52+14.24 212441610 0001  13.82¢1501 20.96+15.67 0.015

(ng/mmol)
t?f:;;thm cfeehe 1.0740.31 0.98+0.30 1244027  <0.001 1.0140.31 1234028  <0.001
CXCL10/Cr 3% tertile 33.8% 23.2% 538%  <0.001 27.8% 52.8% 0.006

ECD - expanded criteria donor; DCD — donation after cardiac death; CIT — cold ischemia time; SPK — simultaneous pancreas and
kidney transplant; DSA — donor-specific antibodies; PRA — panel-reactive antibodies; DGF — delayed graft function; eGFR — estimated
glomerular filtration rate.

Table 2. Spearman correlation between Banff scores and logarithm of urinary CXCL10.

t i v g ct ci (4 cg mm ptc
rho 0.353 0.258 -0.120 0.276 0.058 0.084 -0.134 0.299 0.162 0.355
p <0.001 0.001 0.141 0.001 0.476 0.305 0.103 <0.001 0.049 <0.001
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Figure 1. Dendrogram representation of unsupervised
hierarchical clustering analysis of Banff scores and
urinary CXCL10 excretion levels corrected by urine
creatinine (CXCL10/Cr). The horizontal axis of the
dendrogram represents the dissimilarity between
clusters.

(rho=0.104, P=0.209). Multivariate lineal regression analy-
sis results showed that both ‘t’ (3=0.107, 95% confidence in-
terval [Cl] 0.042-0.171, P=0.001) and ‘ptc’ ($=0.093, 95% ClI
0.034-0.152, P=0.002) Banff scores were significantly associ-
ated with the logarithm of urinary CXCL10/Cr. Unsupervised
hierarchical clustering analysis (Figure 1) of Banff scores and
urinary CXCL10/Cr levels showed that CXCL10/Cr was high-
ly associated with Banff scores related to both T cell-medi-
ated inflammation (‘t’, /') and antibody-mediated damage
(‘ptc, ‘g’, and ‘cg)).

Risk factors related to 1-year urinary CXCL10/Cr in
surveillance biopsies

The analysis of variables associated with the highest tertile
of CXCL10/Cr is shown in Table 3. In a multivariate logistic re-
gression model including all variables with a P value under
0.2, only cold ischemia time (odds ratio [OR] 1.101, 95% ClI
1.012-1.197, P=0.025), urinary leukocyte count (OR 1.037, 95%
Cl 1.004-1.072, P=0.028), and DSA at biopsy (OR 17.817, 95%
C12.593-122.415, P=0.003) were related to the highest tertile
of urinary CXCL10/Cr at 1 year. Whereas the female sex showed
significantly higher values of urinary CXCL10/Cr (17.93+20.85
vs 10.66+8.21 P=0.009) by the Mann-Whitney U test, this rela-
tionship disappeared after adjusting by the number of urinary
leucocytes at 1 year. Only 2 patients showed BK nephropathy,
and their CXCL10/Cr values were not significantly increased.
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Figure 2. Area under the curve (AUC)-receiver operating
characteristic (ROC) curve of urinary CXCL10 corrected
by urine creatinine (CXCL10/Cr) at biopsy for predicting
both clinical and subclinical antibody-mediated
rejection (AbMR).

Urinary CXCL10/Cr identified clinical and subclinical AbMR
independently of other variables

The variables related to the subclinical and clinical histolog-
ic findings of AbMR are shown in Table 1. The diagnostic per-
formance of CXCL10/Cr in predicting clinical and subclinical
AbMR was estimated by ROC curve analysis. The area under
the curve (AUC)-ROC value was 0.760 (95% Cl 0.683-0.836,
P<0.001) (Figure 2). The AUC-ROC value of the glomerular fil-
tration rate (GFR) was 0.709 (95% Cl 0.625-0.794, P<0.001). The
value of CXCL10/Cr that showed the best sensitivity (75.0%)
and specificity (70.7%) was 11.95 ng/mmoL. After adjusting by
recipient age, live donation, DCD, retransplantation, renal func-
tion and proteinuria, pretransplant panel-reactive antibodies,
and leukocyte count, the multivariate logistic regression anal-
ysis results showed that the highest tertile remained signifi-
cantly associated with AbMR (OR 4.577, 95% Cl 1.799-11.646,
P=0.001), retransplantation (OR 3.886, 95% Cl 1.508-10.011,
P=0.005), GFR (OR 0.975, 95% Cl 0.954-0.995, P=0.016), and
proteinuria (P=0.014).

A similar analysis was performed for surveillance biopsies. The
variables related to subclinical AbMR are shown in Table 4.
The diagnostic performance of CXCL10/Cr in predicting clin-
ical and subclinical AbMR was estimated by ROC curve anal-
ysis. The AUC-ROC value was 0.799 (95% ClI 0.702-0.896,
P<0.001) (Figure 3), whereas the AUC-ROC value of GFR was
0.767 (95% Cl 0.656-0.878, P<0.001). The CXCL10/Cr value that
showed the best sensitivity (82.9%) and specificity (78.3%) was
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Table 3. Variables associated with the highest tertile of urinary CXCL10 excretion in surveillance biopsies.

1t and 2" tertiles of CXCL10 3 tertile of CXCL10
(n=69) (GEYE))
Recipient age (years) 50.6+11.8 54.1+11.8 0.227
© Recipient gender (Male) 7% B5% oo
 Donorage years) so2126 5394133 0227
lfedonor e 8% 0699
e 00% 91% 0364
b0 ue% 04% 0593
. Mismatches 39114 42109 o053
ot a8 18371 0006
sk wva% 4% o120
 PretransplantdsA  sg% 8% 066
CcurentcPRA 18s119 12558 088
psAatbipsy B 91% 0006
Retransplant ue% 91% o181
 Prednisonedose a22 38825 0463
 Tacrolimus blood level at biopsy 78823 79825 0883
© 3-12 month mean tacrolimus levels g1l g7¢11 o1
312 month OV tacrolimus levels 23589 %6669 0133
 %Timeunders e1t100 66183 0846
© %Timeunder6>10% B2% 04% 0487
 Basilximab Induction wvas 27%  osa2
© Thymoglobulin Induction s22% s20% 1000
CoeE wvas 04% o181
 Creatinine at biopsy (mg/d)  127:041 1561066 0013
© eGRRatbiopsy (mU/min/173m) esor219 sg71185 0001
 Proteinuria at biopsy (mg/day) s817:8152  80321s119 0198
© Urinary Leukocytes a6r148 2171336 0026
© BKnephropathy va%  am% 0409

ECD - expanded criteria donor; DCD — donation after cardiac death; CIT — cold ischemia time; SPK — simultaneous pancreas and
kidney transplant; DSA — donor-specific antibodies; PRA — panel-reactive antibodies; DGF — delayed graft function; eGFR — estimated
glomerular filtration rate.

11.90 ng/mmoL. Multivariate logistic regression analysis dem- Urinary CXCL10/Cr identified clinical and subclinical TCMR

onstrated that the highest tertile remained significantly asso- independently of other variables

ciated with AbMR (OR 9.729, 95% Cl 2.134-44.351, P=0.003)

and was independent of other variables, including retransplan- In total, 36 (23.8%) biopsies showed TCMR. The ROC curve

tation, renal function, and urinary leukocyte count. demonstrated that CXCL10/Cr was able to discriminate biop-
sies with both clinical and subclinical TCMR (AUC-ROC 0.719,
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Table 4. Variables related to subclinical antibody-mediated rejection (AbMR) and T cell-mediated rejection (TCMR).

52.1+11.9

Recipient age (years)

49.8+11.7

51.3+£12.1 52.6+10.7

CXCL10/Cr 3™ tertile

52.2%

0.001

ECD - expanded criteria donor; DCD — donation after cardiac death; CIT — cold ischemia time; SPK — simultaneous pancreas and
kidney transplant; DSA — donor-specific antibodies; PRA — panel-reactive antibodies; DGF — delayed graft function; eGFR — estimated

glomerular filtration rate.

95% Cl 0.630-0.808, P<0.001) (Figure 4). The CXCL10/Cr value
that showed the best sensitivity (72.2%) and specificity (67.8%)
was 13.30 ng/mmolL. The multivariate logistic regression anal-
ysis results showed the third tertile of urinary CXCL10/Cr at
biopsy was significantly related to the histologic diagnosis of
clinical and subclinical TCMR (OR 2.505, 95% Cl 1.048-5.992,
P=0.039) and was independent of other variables, including
recipient age, sex, renal function, live donation, the presence
of DSA at biopsy, and the urinary leukocyte number.

This work is licensed under Creative Common Attribution-
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Among the surveillance biopsies, 15 (16.3%) showed signs of
subclinical TCMR. CXCL10/Cr was also able to discriminate be-
tween patients with and without subclinical TCMR (AUC-ROC
0.779, 95% Cl 0.651-0.907, P=0.001).
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Figure 3. Area under the curve (AUC)-receiver operating
characteristic (ROC) curve of urinary CXCL10 corrected
by urine creatinine (CXCL10/Cr) at biopsy for predicting
subclinical antibody-mediated rejection (AbMR).

cute banff score
Chronic banff score

it e

T
34 CXCL10/Cr tertiles

Wt
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A
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T
1*and 2" CXCL10/Cr tertiles

Figure 5. Differences among ‘t’ and ‘g’ scores, acute Banff score
and chronic Banff scores comparing the third tertile
versus first and second tertiles of urinary CXCL10
corrected by urine creatinine (CXCL10/Cr) in kidney
transplant recipients with positive donor-specific
antibodies.

Urinary CXCL10/Cr identified acute histologic activity in
DSA-positive patients

A total of 41 patients were positive for DSAs at biopsy. Among
them, patients in the third tertile of urinary CXCL10/Cr at biop-
sy showed the highest scores, compared with those of patients
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Figure 4. Area under the curve (AUC)-receiver operating
characteristic (ROC) curve of urinary CXCL10
corrected by urine creatinine (CXCL10/Cr) at biopsy
to discriminate between patients with and without
clinical and subclinical T cell-mediated rejection
(TCMR).

in the lower tertiles, of ‘t’ (0.81+0.81 vs 1.40+0.68, P=0.016),
‘g’ (0.71+0.85 vs 1.35+0.88, P=0.023), and the composite acute
Banff score (3.62+2.31 vs 5.20+2.24, P=0.032) (Figure 5). There
were no significant differences among the other acute Banff
scores or any chronic score.

Six-month urinary CXCL10/Cr predicted subclinical
histologic findings at 1 year

Among the patients who had surveillance biopsies, values
of urinary CXCL10/Cr at 6 months after transplantation were
available in 41 patients. Urinary CXCL10/Cr at 6 months was
also useful to identify those patients who would have sub-
clinical AbMR (AUC-ROC 0.773, 95% Cl 0.596-0.949, P=0.008)
and subclinical TCMR (AUC-ROC 0.716, 95% Cl 0.537-0.895,
P=0.042) (Figures 6, 7, respectively).

Discussion

Similar to the results of previous studies, we found that the
urinary chemokine CXCL10 related to acute Banff injury more
than to chronic Banff injury [23-26,30,31,35]. The acute indi-
vidual scores associated with urinary CXCL10/Cr were ‘t’, ‘7',
‘g’, and ‘ptc’. The only acute score in the present study that
did not relate to urinary CXCL10/Cr was ‘v, as was also report-
ed by Hirt-Minkowski et al [26] and Ho et al [35]. Moreover, a
composite acute score was correlated with urinary CXCL10/
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Figure 6. Area under the curve (AUC)-receiver operating
characteristic (ROC) curve of urinary CXCL10 corrected
by urine creatinine (CXCL10/Cr) at 6 months for
predicting subclinical antibody-mediated rejection
(AbMR) at the 1-year surveillance biopsy.

Cr, whereas the composite chronic score was not. Antibody-
mediated and cellular inflammatory scores showed this rela-
tionship by Spearman’s correlation analysis. Also, cluster anal-
ysis graphically demonstrated the proximity of urinary CXCL10/
Cr to cellular-mediated (‘t’ and ‘') and antibody-mediated (‘g’
and ‘ptc’) inflammation. This finding was also reported by
Rabant et al [30]. In the present study, the only chronic score
associated with urinary CXCL10 was ‘cg’. Although this score
is closely related to ‘g’ and ‘ptc’, it is known that AbMR is a
continuous process induced by DSAs without a clear differen-
tiation point between the active and chronic phases of dam-
age [40,41]. As pointed out by Rabant et al and Ho et al, uri-
nary CXCL10 reflects the inflammatory damage of the tubular
compartment (‘t’ and ‘ptc’), a finding supported by the results
of our Spearman correlation analysis (rho=0.360, P<0.001) and
multivariate analysis [30,35]. The results were similar when we
analyzed only surveillance biopsies (data not shown), although
the lower number of cases resulted in only tubulitis remain-
ing independently related to urinary CXCL10 after multivari-
ate analysis. Several studies have also reported the relation-
ship between urinary CXCL10 and subclinical cellular-mediated
[23,26,31,35] and antibody-mediated inflammation [31,35].

Because urinary CXCL10 is a potential marker of the events
taking place inside the kidney graft, we investigated the vari-
ables that relate to urinary CXCL10. Female sex, cold isch-
emia time, the presence of DSA at biopsy, urinary leukocytu-
ria, and renal function were associated with urinary CXCL10,
according to univariate analysis results. Although female sex
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1-Specificity

Figure 7. Area under the curve (AUC)-receiver operating
characteristic (ROC) curve of urinary CXCL10 corrected
by urine creatinine (CXCL10/Cr) at 6 months for
predicting subclinical T cell-mediated rejection (TCMR)
at the 1-year surveillance biopsy.

was associated with a higher level of urinary CXCL10, this re-
lationship disappeared after adjusting for urinary leukocyte
number, probably because women who receive transplants
have urinary tract infections more frequently than do men.
The relationship between urinary leukocyte count and uri-
nary CXCL10 excretion has been reported as being due to uri-
nary chemokines coming not only from the kidney but also
from the white blood cells found in the urine [42]. Owing to
the low prevalence of BK nephropathy in our kidney transplant
recipients, we did not find the association between polyoma-
virus infection and urinary CXCL10 that was reported in oth-
er studies [18,25,29,31,42]. The finding that patients with a
longer cold ischemia time had higher values of CXCL10 at 1
year after transplantation does not have a clear explanation.
Although it is known that ischemia-reperfusion can promote
an alloimmune response, the delayed graft function rate was
not significantly higher in patients in the higher tertile of uri-
nary CXCL10 excretion. Like previous authors, we found in the
present study that urinary CXCL10 was also higher in stable
patients with subtly worse renal function in whom the renal
biopsy was performed for surveillance, although the relation-
ship between urinary CXCL10 and renal function has not been
observed by all authors [31,42].

In relation with the alloimmune response, the only variable re-
lated to a higher excretion of urinary CXCL10 was the presence
of DSA. This was also highlighted by Hirt-Minkowski et al, who
reported that patients with DSA had significantly higher urinary
CXCL10 levels compared with DSA-negative patients (median,
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1.8 ng/mmoL vs 0.8 ng/mmolL, P=0.02) [29]. In the present study,
recipient age, the number of mismatches, and retransplantation
did not relate to higher urinary CXCL10. Interestingly, we did
not find any relationship between immunosuppressive therapy
and urinary CXCL10 values. CXCL10 is secreted by monocytes
and tubular, mesangial, endothelial, and activated T cells and
plays a key role in T cell activation and allograft destruction
[17,18,20]. Therefore, we would expect that underimmuno-
suppression is associated with a strong alloimmune response
and further higher urinary CXCL10 excretion. In fact, previous
studies reported that, after treating acute rejection episodes,
the values of urinary CXCL10 decreased concomitantly [27,36],
although Rabant et al did not find any significant difference
in urinary CXCL10 excretion in urine samples collected before
and after rejection treatment [33]. We examined whether in-
duction, prednisone dose, tacrolimus blood levels at the mo-
ment of the biopsy, previous mean tacrolimus levels, coefficient
of variation of tacrolimus levels, and the percentage of time
of tacrolimus levels under a cutoff of 6 ng/mL were associat-
ed with urinary CXCL10; we did not detect any relationships.
However, the percentage of time of tacrolimus levels under a
cutoff of 6 ng/mL was related to worse acute and chronic Banff
scores in surveillance biopsies (data not shown). We conclud-
ed that urinary CXCL10 excretion was not related with immu-
nosuppressive therapy in our study.

The main finding of our study was that urinary CXCL10 was
strongly related to a histological diagnosis of AbMR, confirming
the results of previous [30,31,35], but not all studies [26,27]. In
our study, urinary CXCL10 showed good discrimination for his-
tological AbMR with an AUC-ROC value of 0.760 for indication
and surveillance biopsies combined (and 0.799 for only surveil-
lance biopsies). These values are similar to those reported by
Rabant et al (0.755) [30] and Ho et al (0.70) [35]. Good sensi-
tivities and specificities of different cutoff values suggest that
urinary CXCL10 could be an effective non-invasive biomarker
to differentiate kidney transplant recipients with antibody-me-
diated damage. Interestingly, the information provided for uri-
nary CXCL10 excretion levels is independent of the other vari-
ables currently used to monitor kidney graft outcome, such as
renal function, proteinuria, and immunosuppressive drug lev-
els. Also, the relationship between urinary CXCL10 level and
AbMR was not dependent on a single reported confounding
factor, such as urinary leukocyte count [42]. Our present re-
sults suggest that those kidney transplant recipients in the
highest tertile of urinary CXCL10 excretion have more than 4
times the risk of having AbMR in any type of biopsy and more
than 9 times the risk of having AbMR in a surveillance biop-
sy. Conversely, a low urinary CXCL10 level is a sign of a quies-
cent state in which a surveillance biopsy was less likely to de-
tect antibody-mediated allograft damage [33].
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Our results also showed that urinary CXCL10 was clearly asso-
ciated with a higher risk of TCMR, whereby kidney recipients
in the highest tertile of urinary CXCL10 had a 2.5 times high-
er risk of TCMR than did patients in a lower tertile. Urinary
chemokine level showed a good discrimination ability to de-
tect TCMR, with a global AUC-ROC value of 0.719 (0.779, lim-
iting the analysis to only surveillance biopsies). Previous stud-
ies reported AUC-ROC values ranging from 0.681 to 0.930
[19-22,24,26,28,30-34]. As with AbMR, urinary CXCL10 excre-
tion was independently related to TCMR without other vari-
ables such as renal function and leukocyturia [18,26].

The development of post-transplant de novo DSA has been
recognized as a main cause of further kidney graft failure.
Human leukocyte antigen mismatches, previous rejections,
immunosuppressive medication nonadherence, or lower ex-
posure of tacrolimus blood levels are known risk factors of
kidney graft failure [43—46]. Once DSAs appear, it is possible
to detect AbMR in 25% of patients, although the rate will in-
crease up to 50% after 1 year [47]. Conversely, a significant
number of patients with de novo DSA will not suffer a rejec-
tion episode. In this sense, it would be interesting to know in
which patients DSAs lead to allograft damage. Although we
had a limited sample, we demonstrated that kidney graft re-
cipients with circulating DSAs and with high urinary CXCL10
excretion had more tubulitis and glomerulitis than did DSA-
positive patients in the lower CXCL10 tertiles. The presence of
tubulitis in patients is a known risk factor for graft loss in pa-
tients with de novo DSA [48]. If this finding is confirmed in a
larger study, urinary CXCL10 could be used to determine which
patients would have DSA-induced injury in the allografts by a
non-invasive technique.

It has been reported that urinary CXCL10 can also predict long-
term graft outcome [29] and the histological findings of sub-
sequent biopsies [29,33,36]. Urinary CXCL10 at 6 months after
kidney transplantation showed a good discrimination ability
for TCMR and AbMR at 1 year, with AUC-ROC values of 0.716
and 0.773, respectively. This prediction ability was similar to
that reported by Rabant et al In their study, urinary CXCL10 at
3 months predicted further clinical and subclinical acute rejec-
tion episodes independently of renal function with TCMR and
AbMR AUC-ROC values of 0.73 and 0.66, respectively [33]. In
fact, urinary CXCL10 at 6 months performed like urinary CXCL10
at 1 year for predicting subclinical rejection. Some sequen-
tial studies reported that urinary CXCL10 started to increase
from between 1 week to several months before cellular rejec-
tion [20,27,33]. The timing of elevation of urinary CXCL10 be-
fore clinical AbMR has not been previously defined. Because
AbMR is a continuous process, it seems logical that more than
predicting AbMR, a high urinary CXCL10 level is a marker of
acute inflammatory phenomena taking place inside the kidney
graft, which will be only uncovered by a surveillance biopsy.
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Although logistic regression analysis and ROC curve analysis
demonstrated that urinary CXCL10 was independently relat-
ed to TCMR and AbMR and showed good discrimination abili-
ty for both situations, urinary CXCL10 cannot replace a kidney
graft biopsy for diagnosing both entities. Even some patients
in the highest tertile of urinary CXCL10 showed an absence of
histological allograft damage, while some patients in lower ter-
tiles of CXCL10 could develop TCMR or AbMR. However, urinary
CXCL10 was closely related to the acute histological findings,
independent of other variables. In fact, urinary CXCL10 was
not only related with TCMR and AbMR independent of renal
function measurement, it also showed a comparable or even
slightly better discrimination ability than GFR. Also, urinary
CXCL10 is a completely non-invasive biomarker. Which rais-
es the question: why has the measurement of CXCL10 not in-
creased in use to monitor kidney transplant recipients togeth-
er with creatinine, proteinuria, immunosuppressive drug levels,
BK viremia, and DSA? The main reasons for this could be that
the currently available techniques to measure CXCL10 protein
by ELISA or its RNA by PCR are time-consuming and more ex-
pensive than the other kidney graft biomarkers. Because uri-
nary CXCL10 is a better biomarker of the types of inflamma-
tion inside the kidney graft than CXCL9 [30], new technological
developments applied to urinary CXCL10 detection, such as
the use of rapid biolayer interferometry for measuring CXCL9,
can help to popularize the monitoring of urinary chemokines
in the kidney transplant field [49].

Our study has some limitations. First, being a single-center
study, the sample size is small, and the data cannot be gen-
eralized to different populations without confirmatory stud-
ies. However, our findings are similar to those previously re-
ported, reinforcing the relationship between urinary CXCL10
and histological findings. Second, because the study included
indication and surveillance biopsies, some patients were bi-
opsied twice, which could have falsely bolstered the relation-
ship between urinary CXCL10 and TCMR and AbMR. However,
the findings were very similar when we analyzed only surveil-
lance biopsies with only 1 biopsy per patient. Finally, the rate
of subclinical AbMR at 1 year was as high as 25%. Banff 2017
classification incorporated C4d positivity as an alternative for
DSA criterion in cases of potentially false-negative DSA [38], in-
creasing our subclinical AbMR rejection rate. In our center, mo-
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we cannot dismiss the possibility that some patients are more
prone to accept a surveillance biopsy when they have some
previous risks or when they are experiencing some subtle de-
terioration of renal function. Being a relatively small center,
we find that our kidney transplant population is characterized
by a high rate of retransplants, with previous sensitization
before transplantation. Also, we found a higher rate of AbMR
(49%) than of TCMR (36%) in the indication biopsies. This was
because less than 30% of the indication biopsies were made
the first 6 months after transplantation. In fact, mean time
to biopsy was close to 4 years post-transplant in the group
of patients with clinical AbMR. Moreover, a common indica-
tion for the biopsy was proteinuria, which is clearly associated
with chronic AbMR. Previous studies have demonstrated that
AbMR became more common in biopsy specimens obtained
>1 year after transplant, whereas TCMR progressively disap-
peared over time [50].

Conclusions

To conclude, urinary CXCL10 predicts and is related with both
cellular-mediated and antibody-mediated acute histological
damage. The only variable clearly correlated with high uri-
nary CXCL10 excretion levels is the presence of DSA, where-
as immunosuppressive exposure was not associated. Urinary
CXCL10 is strongly correlated with AbMR and TCMR, indepen-
dent of the other variables currently used to monitor kidney
transplant, especially renal function, and it is independent of
confounding factors, such as urinary leukocyte count. Even in
patients who are positive for DSA, high urinary CXCL10 levels
suggest that the patient has increased inflammation in the
graft. By noninvasively measuring urinary CXCL10, we obtain
information about the process taking place inside the kidney
graft, and we can therefore monitor its evolution. A multi-
center, randomized, controlled, prospective study is ongoing to
determine if the detection and treatment of subclinical rejec-
tion as detected by urinary CXCL10 improves kidney allograft
outcomes and will help to clarify the role of urinary CXCL10
in monitoring kidney transplant recipients [51].
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