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Abstract

Background—We evaluated urine free light chains (FLC) as a potential biomarker for acute
kidney allograft injury (AKAI).

Methods—Urine k and A FLC were compared with urine p-2 microglobulin (32-M), RBP,
KIM-1, NGAL and microalbuminuria (MAB) in biopsy-confirmed acute rejection (AR) and ATN.
Healthy volunteers (Normal) and transplant recipients with normal allograft function (Control)
were used as references.

Results—Compared to Control or Normal group (N=15), urine FLC, MAB and RBP were higher
in ATN (N=29) and AR (N=41) groups (p<0.05). There was no difference in KIM-1, NGAL or
32-M between 4 groups. In AR group, urine kFLC demonstrated the highest predictive value with
sensitivity of 95.12% and specificity of 87.5% (p<0.0001). Urine xFLC also performed best with a
sensitivity of 96.55% and specificity of 93.33% (p<0.0001) in ATN group. The AUC by ROC
analysis is greatest in urine RBP (100%) and FLC (99%), and lowest in KIM-1 (53.5%), then
NGAL (71.5%) in AR group. The AUC is also greatest in urine FLC (100%) and RBP (99%), and
lowest in urine KIM-1 (55.6%) and NGAL (69.9%) in ATN group.

Conclusions—Urine FLC appears sensitive for both AR and ATN, and it may be a novel AKAI
biomarker.
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Introduction

Acute kidney allograft injury (AKAI) after kidney transplant is a common and complicated
clinical problem. The etiology includes acute rejection (AR), acute tubular necrosis (ATN)
and a variety of others. It may have a negative impact on long term graft function and graft
survival (1-3). Clinical diagnosis of AKAI, similar to acute kidney injury (AKI) in native
kidneys, is usually based on renal function as measured by serum creatinine (Cr). However,
it is well recognized that serum Cr is neither a sensitive nor a specific marker for AKI and it
does not correlate well with the severity of tissue damage (). Kidney biopsy is the gold
standard for diagnosing AKI, but it is invasive, costly and associated with

complications (6:7).

There is a great interest to identify non-invasive biomarkers for AK1$-16), The urinary
biomarkers studied in AKI may be classified as 1). the enzymes released from damaged
tubular cells, such as gamma-glutamyltranspeptidase, glutathione S transferase and nacetyl-
beta-d-glucosaminidase (4:1%); 2). low-molecular-weight proteins, such as beta-2
microglobulin ($2-M), retinol-binding protein (RBP), alpha-1 microglobulin and cystatin

C (1216.17): 3) injury-induced proteins, such as kidney injury molecule 1 (KIM-1),
neutrophil gelatinase associated lipocalin (NGAL) and interleukin 18 -14); and 4). tubular
structural and functional proteins, such as F-actin, Na+/H+ exchange isoform 3 (415), To our
knowledge, there is no report comparing these biomarkers in biopsy-confirmed AKAI after
successful kidney transplantation and no study of urine polyclonal immunoglobulin free
light chains (FLC) in transplant patients.

The purpose of this study is to evaluate the urinary excretion of FLC as a potential
biomarker for AKAI. We compared urinary kappa (k) and lambda () FLC with RBP, 32-
M, NGAL, KIM-1 and microalbuminuria (MAB) in kidney transplant patients with biopsy-
confirmed AKAL.

Materials and Methods

We prospectively evaluated adult kidney transplant patients who had renal allograft biopsies
for the workup of acute allograft dysfunction during the year of 2010. Acute graft
dysfunction necessary for kidney biopsy was defined as elevation of serum Cr by 20%
above the baseline value for each individual patient clinically without pre-renal (volume
depletion) or post-renal (obstruction) causes. The study protocol was approved by the
Tulane University Human Research Protection Program and IRB. In our center, all
transplant candidates were screened with serum protein electrophoresis and immunofixation
(SPEP-IF) during the pre-transplant work-up. The patients diagnosed multiple myeloma
(MM), monoclonal gammopathy of undetermined significance (MGUS), light or heavy
chain deposition disease (LCDD, HCDD) were excluded from kidney transplant.

Fresh urine samples (20 to 100 cc) were collected approximately 2 hours before kidney
biopsy. Urine samples were centrifuged immediately and the supernatants were stored at
—70°C until assay. A latex-enhanced immunonephelometric assay was used to measure urine
x and A FLC concentration (Freelite®, The Binding Site, San Diego, CA). Urinary excretion

Clin Transplant. Author manuscript; available in PMC 2016 February 24.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhang et al.

Page 3

of selected biomarkers, including RBP (Arbor Assays, Ann Arbor, MI), MAB and $2-M
(Orgentec Diagnostic, Mainz, Germany) as well as KIM-1 and NGAL (R&D Systems,
Minneapolis, MN) were quantified by competitive solid phase enzyme immunoassay in
accordance with the manufacturer's instructions in our laboratory. Our renal pathologist was
blinded to all biomarker levels.

Based on the kidney graft biopsy results, those diagnosed with ATN (ATN group) and AR,
either acute cellular rejection or acute antibody-mediated rejection or both (AR group)
without significant other overlap pathology were included in this study. Any biopsy
indicating other co-existing pathology, such as chronic allograft nephropathy (CAN), donor
nephrosclerosis, glomerular disease (either recurrent or de novo), infection (bacterial, viral
or fungal infection) or thrombotic microangiopathy, was excluded from this study. BKV
viremia and CMV antigenemia (or CMV viremia) were also routinely tested in patients with
graft dysfunction, and patient with active viral infection was excluded from this study. For
the control groups, urine samples were collected from 15 healthy medical professionals
(Normal group) as well as 15 kidney transplant patients with normal allograft function,
which was defined as no prior history of AKAI and serum Cr that remained stable at
baseline level and below 1.3 mg/dl (Control group). Estimated glomerular filtration rate
(eGFR) was calculated using the MDRD equation.

Statistical analysis

Results

Results are expressed as mean = SD. Prism 5.0c (GraphPad Software, La Jolla, CA) and
SPSS Statistics 19 (IBM Corp, Somers, NY) were used for analyses. For continuous
variables, a one-way ANOVA with Dunn's multiple comparison test was performed for
comparison between two groups. When comparing more than two groups, a two-way
ANOVA with the Bonferroni post-tests was used. Fisher's exact test was used for analysis of
categorical variables in the AR and ATN vs. Control group. A P-value of < 0.05 was
considered statistically significant. Receiver operating characteristic (ROC) curves were
generated and the area under the ROC curves (AUC) were calculated as the measure of the
utility for urine xFLC, AFLC, (x+ 1) FLC, B2-M , RBP, KIM-1 and NGAL individually as
AKAI biomarker.

There are 41 patients with biopsy-confirmed AR (in AR group) and 29 patients with biopsy-
confirmed ATN (in ATN group). None of them has significant other co-existing pathology.
The demographic characteristics of Normal, AR, ATN and Control groups are described in
Table 1. There is no statistical difference in race, gender or age in the 4 groups. Compared to
the Normal group or Control group, both AR and ATN groups have significant kidney
dysfunction as measured by serum Cr or eGFR (p<0.01). The transplanted related
characteristics and immunosuppressive drugs of ATN, AR and Control groups are also
summarized and there are not statistically significant between the 3 groups (Table 1). For
perioperative induction therapy, all patients received methylprednisolone intravenously. In
addition, the sensitized patients were given basiliximab and the retransplant patients (only 1
in ATN group and 2 in AR group) were given antithymocyte globulin.
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Urinary concentrations of xFLC, AFLC, (x+A) FLC, MAB, 2-M, RBP, KIM-1, NGAL are
summarized in Figure 1 (mean + SE). Urine xFLC, AFLC, (x+ \) FLC, MAB and RBP are
significantly higher in both ATN and AR groups than either Control or Normal group.
However, there is no statistical difference in urine f2-M, KIM-1 or NGAL between ATN or
AR group and Control or Normal group. There is no difference in each biomarker between
the ATN and AR groups or between the Normal and Control groups.

Based on the urinary concentration in the Normal group, we use the highest level as the
upper “normal limit” for each biomarker, and the specific cut-off values are listed in Table
2. The positive case is defined by the urine concentration above this defined upper limit. The
absolute number and the percentage of positive and negative cases for each biomarker are
shown in Table 2. xFLC has the highest number of positive cases and lowest number of
negative cases in both AR and ATN groups, which is followed by (x+\)FLC and RBP.
KIM-1 has the lowest positive cases and highest negative cases in both AR and ATN
groups, followed by NGAL and MAB.

The sensitivity and specificity of each individual biomarker in detecting AKAI in the AR
group is summarized in Table 3. The Control group is used as the reference group for
comparison in the Fisher's exact analysis. Urine kFLC performs best in both sensitivity
(95.12%) and specificity (87.5%), which is followed by total (x+ \) FLC, then p2-M and
RBP. Urine KIM-1 performs worst. Neither NGAL nor MAB significantly detects AR. The
sensitivity and specificity of each biomarker in detecting AKAI in the ATN group are
summarized in Table 4. The Control group is used as the reference group for comparison.
Urine xFLC also performs best in both sensitivity (96.55%) and specificity (93.33%),
followed by total (x+ A) FLC, then RBP and $2-M. Urine KIM-1, NGAL and MAB do not
significantly detect ATN.

The AUC in the ROC analysis of each biomarker for AR is shown in Figure 2. The AUC is
greatest in urinary RBP (100%), followed by xFLC, AFLC and (x+ \) FLC (about 99%).
Urine KIM-1 has the lowest AUC (53.5%), then NGAL (71.5%). The AUC in the ROC
analysis of biomarkers for ATN is shown in Figure 3. The AUC is greatest in urinary FLC,
either kFLC, AFLC or (x+ L) FLC (100%), which is followed by RBP (99%). Again, urine
KIM-1 has the lowest AUC (55.6%), then NGAL (69.9%).

Discussion

Immunoglobulin FLCs are small proteins with molecular weight of ~ 25 kD. They are freely
filtered by the glomeruli and taken up by the proximal tubule cells via a receptor mediated
pathway involving megalin and cubilin (:8-20)_ In normal individuals, only about 1-10 mg of
FLC is excreted every 24 hours in the urine. In patients without myeloproliferative
disorders, increased urinary excretion of FLC reflects renal tubular injury (20.21). To our
knowledge, this is the first pilot study testing urine FLC as a potential biomarker for AKAI
in transplant patients.

Among the other tested biomarkers in our study, 2-M and RBP are also low-molecular-
weight proteins (1216.17) MAB historically thought to reflect the injured glomerular
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basement membrane, has now been shown to reflect alterations in the proximal tubular cell
retrieval pathway(@?). KIM-1 and NGAL are proteins specifically produced in response to
AKI by the kidney. KIM-1 is a type-1 cell membrane glycoprotein receptor on renal
epithelial cells, which may be related to tubular dedifferentiation and regeneration (.13,
NGAL is a 25 kD gelatinase-bound protein initially characterized in neutrophils, and late
found in kidney and other tissues (11.14), Both KIM-1 and NGAL have been extensively
studied for diagnosing AKI and for predicting severity and outcome of AKI in native
kidneys (415). However, there is a weakness in these studies because of the use of serum Cr-
defined AKI as the standard for injury :8:23), It is well known that AKI cases from pre-
renal azotemia without tubular injury will not increase the AKI biomarkers. Also, patients
with renal tubular damage and increased AKI biomarker may not develop serum Cr defined
AKI. Therefore, the approach to AKI biomarker validation may be questioned by this
limitation of serum Cr-defined AKI in some studies.

The current standard of care in diagnosing graft dysfunction calls for performance of kidney
biopsy to establish the cause of AKAI. This clinical setting provides a unique opportunity to
examine the utility of urinary biomarkers. In this study, we use kidney biopsy confirmed AR
and ATN to study the biomarkers. Our results suggest that urine FLC, either x, A, or both,
may be a novel biomarker for AKAI. Both AR and ATN groups have significantly higher
urinary excretion of FLC than either Control group or Normal group. Compared to the
Control and Normal groups, urine KIM-1 and NGAL did not reflect AKAL in either AR
group or ATN group. In the AR group, urinary xFLC demonstrated the highest predictive
value with sensitivity of 95.12% and specificity of 87.5 % (p<0.0001). In the ATN group,
urine xFLC also exhibited the highest predictive value with sensitivity of 96.55% and
specificity of 93.33 % (p<0.0001). AUC by ROC analyses further support that urine FLC is
a more sensitive and specific AKAI biomarker than KIM-1 and NGAL in both AR and ATN
groups.

Interestingly, KIM-1 and NGAL, the two most extensively investigated AKI biomarkers in
native kidneys did not perform well in our study. Our study was not designed to investigate
their use in the entire spectrum of AKAI. The setting and development of AKI are different
between native kidneys and transplanted ones. The model of ischemia-associated AKI is
usually used to study the biomarker in native kidneys. In transplant patients, the quality of
donor kidney determines a baseline kidney function, which may not be normal. Over time,
allograft function may slowly deteriorate from developing CAN, to which numerous
immunologic and/or non-immunological insults contribute (2429, So, the AKAI may
develop on top of some degree of preexisting condition or CAN. This is demonstrated in our
Control group. None in the Control group had any history of AKAI and all of them have
normal serum Cr levels since transplant surgeries. But 5 of 15 (33%) patients in Control
group have MAB. This suggests the presence of mild CAN in some of these patients, as we
did not perform kidney biopsy to select patients for the Control group.

The mechanism of developing AKAI is also different in transplant patients from the AKI in
native kidneys. In the cases of AR, immunological rather than ischemic injury predominates.
Even in the cases of ATN, calcineurin inhibitor toxicity and compromised renal perfusion
are the predominant causes in transplant patients. Different biomarkers have different
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patterns of elevation and decline during the course of AKI, and these patterns may not be the
same in AKAI as in AKI. Transplant patients receive immunosuppressive medications,
typically a combination of steroid, mycophenolic acid and a calcineurin inhibitor (either
tacrolimus or cyclosporine) in our center. One or more immunosuppressive drugs may alter
the expression and/or secretion of biomarkers. It is not known whether AKI biomarkers for
native kidneys are equally useful in kidney transplant patients. Even the well-studied AKI
biomarker NGAL and KIM-1 have not been verified in transplant recipients yet.

Hollmen et al reported that urinary NGAL level on post-transplant day 1 could predict
prolonged delayed graft function (DGF) and worse 1-year graft survival in deceased donor
kidney transplant (26), Serum NGAL level was shown as a predictive biomarker for DGF
recovery after kidney transplant from donors after cardiac death (7). Schréppel et al studied
KIM-1expression in preperfusion biopsies of both living and deceased donor kidneys. They
found that tubular expression of KIM-1 was upregulated in deceased compared to living
donor kidneys, but it failed to identify the allograft at risk for developing DGF after kidney
transplant (28). Hall et al compared urinary NGAL, IL-18 and KIM-1 in the first 3 days after
deceased donor kidney transplant. They found that only NGAL and I1L-18, not KIM-1,
predicted the need of dialysis within the first week of transplant as well as the 3-month
recovery of graft function (29, It remains to be determined whether AKI biomarker can
predict the development of AKAI rather than DGF in the posttransplant patients.

There has been great interest in searching for “immunological” biomarkers to predict AR in
kidney transplant patients (30-36). Reported urine proteomics and biomarkers include HLA-
DR, CXCL9, CXCL 10, mRNA levels of grazyme B, perforin, TIM-3 and FOXP3, and
others (30-33), Enhanced expression of perforin, granzyme B, Fas ligand, HLA class-1
antigens in peripheral blood leukocytes or tissue have been linked to AR (3435 As reviewed
recently, current available information remains inconclusive and better designed multicenter
studies are required to validate these “rejection—specific” biomarkers for clinical

practice (36:37), Our study indicates that urine FLC predicts both AR and ATN. It does not
differentiate AR from ATN. This is likely due to the fact that both AR and ATN are
associated with significant tubular damage. An ideal AKAI biomarker would be one that can
differentiate AR from ATN without the need for kidney biopsy. Recently, a three-gene
signature of CD3s mRNA, IP-10 mRNA and 18S rRNA levels in urinary cells has been
reported to be diagnostic and prognostic of acute cellular rejection in kidney transplant
grafts (38). It appears that this signature not only distinguishes acute cellular rejection from
no rejection, but also separates acute cellular rejection from acute antibody mediated
rejection and borderline rejection. It will be interesting to test whether the combination of
urinary FLC with the three-gene mRNA levels can improve the diagnostic value for graft
rejection. It is hoped that with further study of urine FLC in the development of different
types of AKAI, we may further characterize the potential of urine FLC in predicting early
AKAI before the rising of serum creatinine as well as in distinguishing the causes of AKAI,
such as AR from ATN or graft infection.

This study is a pilot investigation of urine FLC as a potential AKI biomarker. It is limited by
single center data, relative small sample size, highly selected patients, and lack of kidney
biopsy in the Control group. Our data suggests that urinary excretion of FLC may be a novel
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biomarker of AKAI in kidney transplant patients. Further large studies are needed to
investigate this potential. It will also be interesting to see whether urine FLC is a useful
biomarker for DGF immediately after kidney transplant as well as for AKI of native
kidneys.
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Abbreviations

ATN acute tubular necrosis

AKAI acute kidney allograft injury

AR acute rejection

B2-M -2 microglobulin

CAN chronic allograft nephropathy

eGFR estimated glomerular filtration rate

FLC free light chains

MAB microalbuminuria

RBP retinol-binding protein

KIM -1 kidney injury molecule 1

NGAL neutrophil gelatinase associated lipocalin

ESRD end stage renal disease

HTN hypertension

DM diabetes mellitus

GN glomerulonephritis

PRA panel reactive antibody

HLA human leukocyte antigen
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Figure 1.
Urinary biomarker in Normal, ATN, AR and Control groups. Urinary concentrations of

kFLC, AFLC, (x+ A) FLC, MAB and RBP are significantly higher in both ATN and AR
groups than either Control or Normal group, **P < 0.01 or *P < 0.05. There is no difference
in urinary concentrations of $2-M, KIM-1 and NGAL between ATN or AR group and
Control or Normal group.
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Figure 2.
The AUC in the ROC analysis of biomarkers for AR. The AUC is greatest in urinary FLC

and RBP, and lowest in urinary KIM-1 then NGAL
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Figure 3.
The AUC in the ROC analysis of biomarkers for ATN. The AUC is greatest in urinary FLC

and RBP, and lowest in KIM-1 then NGAL.
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Table 1

Clinical characteristics of study subjects in each group

Normal (n=15) | ATN (n=29) | AR (n=41) | Control (n=15)
Male /female 9/6 18/11 27114 8/7
Caucasian (%) 40 41 34 47
African American (%) 27 59 61 53
Others (%) 33 0 5 0
Age (yr)* 42+154 43+16.2 46.5 + 16 48 £17
Body weight (kg)* 75+15 78 £ 17 77+16 78+ 16
Serum Creatinine (mg/dL)* 10£01 39+ 2.4M 41+ 3.0** 12+01
Estimated GFR (ml/min) 73+10 3+11 | 2+12" 6415
Cause of ESRD (%)
HTN 52 54 47
DM 24 24 27
GN 10 15 13
Others 14 7 13
Previous transplant (%) 21 22 13
Peak PRA (%)* 20+ 29 16+£31 17+18
HLA mismatch* 35+11 42+14 3912
Living donor (%) 17 22 20
Deceased donor (%) 83 78 80
Cold ischemia time (hrs) 16.4+7 17.3+6 16+6.4
Immunosuppression (%)
Baciliximab 21 17 20
Antithymocyte globulin 3.4 4.9 0
Tacrolimus 62 59 53
Cyclosporine 31 29 33
Mycophenolate 90 80 93
Sirolimus 10 12 7
Azathioprine 7 10 13
Prednisone 90 78 87

*
Data are expressed as mean + SD

*%

1duasnuen Joyiny

P < 0.01 versus Normal and Control groups; ATN, acute tubular necrosis; AR, acute rejection; GFR, glomerular filtration rate; ESRD, end stage
renal disease; HTN, hypertension; DM, diabetes mellitus; GN, glomerulonephritis; PRA, panel reactive antibody; HLA, human leukocyte antigen
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Table 2

Positive and negative cases of kidney dysfunction in each group

Urine Biomarker Normal (n=15) | ATN (n=29) | AR (n=41) | Control (n=15)

KFLC (< 20 mg/L) Positive 0 (0%) 28 (97%) 39 (95%) 1 (7%)
Negative 15 (100%) 1 (3%) 2 (5%) 14 (93%)

AFLC (< 17 mg/L) Positive 0 (0%) 17 (59%) 25 (61%) 0 (0%)
Negative 15 (100%) 12 (41%) 16 (39%) 15 (100%)

(1+)) FLC (<40 mg/L) | Positive 0 (0%) 26 (90%) 36 (88%) 0 (0%)
Negative 15 (100%) 3 (10%) 5 (12%) 15 (100%)

MAB (< 40 mg/L) Positive 0 (0%) 15 (52%) 23 (56%) 5 (33%)
Negative 15 (100%) 14 (48%) 18 (44%) 10 (67%)

H2-M (< 200 pg/L) Positive 0 (0%) 24 (83%) 34 (83%) 0 (0%)
Negative 15 (100%) 5 (17%) 7 (17%) 15 (100%)

RBP (< 0.56 mg/L) Positive 0 (0%) 25 (86%) 32 (78%) 1 (7%)
Negative 15 (100%) 4 (14%) 9 (22%) 14 (93%)

KIM-1(<2.15pg/L) | Positive 0 (0%) 1(3%) 7 (17%) 2 (13%)
Negative 15 (100%) 28 (97%) 34 (83%) 13 (87%)
NGAL (< 5.3 pg/L) Positive 0 (0%) 16 (55%) 18 (44%) 10 (67%)

Negative 15 (100%) 13 (45%) 23 (56%) 5 (33%)

Data are expressed as number (percentage)

The highest urine concentration in Normal group is used as the upper “normal limit” for each biomarker (left column)
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Table 3

Performance of urinary markers in acute rejection

AR group vsControl group | Specificity (%) | Sensitivity (%) | Likelihood Ratio | OddsRatio | p-Value
kFLC 87.50 95.12 7.80 273.00 <0.0001
AFLC 48.39 60.98 1.94 47.91 <0.0001
(x+A)FLC 75.00 87.80 4.00 205.70 < 0.0001
MAB 35.71 56.10 1.28 2.56 0.2270
f2-M 68.18 82.93 3.14 142.60 <0.0001
RBP 60.87 78.05 2.48 49.78 < 0.0001
KIM-1 27.66 17.07 1.08 1.34 1.0000
NGAL 17.86 43.90 0.78 0.39 0.2270

Fisher's exact test with 95% confidence interval.
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Table 4

Performance of urinary markers in acute tubular necrosis
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ATN group vsControl group | Specificity (%) | Sensitivity (%) | Likelihood Ratio | OddsRatio | p-Value
kFLC 93.33 96.55 14.48 392.00 <0.0001
MFLC 55.56 58.62 2.25 43.40 <0.0001
(k+\)FLC 83.33 89.66 6.00 234.70 <0.0001
MAB 41.67 51.72 1.29 2.14 0.3420
f2-M 75.00 82.76 4.00 138.10 <0.0001
RBP 77.78 86.21 4.33 87.50 < 0.0001
KIM-1 31.71 3.45 0.49 0.234 0.2643
NGAL 27.78 55.17 0.85 0.62 0.5315

Fisher's exact test with 95% confidence interval.
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