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ABSTRACT

Background

Kidney transplantation is the treatment of choice for end-stage kidney disease,
however in order to avoid rejection kidney transplant recipients (KTRs) are
undergoing a lifelong immunosuppression increasing the risk of infection and
cancer. While humoral immunity can be easily monitored through anti-HLA
alloantibodies, non-invasive biomarkers to study the cellular immunity are
lacking before and after transplant.

Donor specific (d-sp) ELISPot and Panel-reactive T (PRT) cell before
transplantation have been developed to detect alloreactive memory T cells,
however no studies ever investigated the combination of these two techniques
for estimating the risk of acute T-cell mediated rejection (TCMR).

After transplantation, urinary CXCL9 can help diagnosing TCMR, however the
current ELISA technique requires 24 hour for processing therefore is not
feasible for clinical decision-making. Moreover, the response of CXCL9 to
rejection treatment has not been investigated yet.

Finally, recent studies suggested a potential role of BKV in the oncogenesis of
urothelial cancer and in the context of BKV infection, conventional urinary
cytology specificity for detecting neoplastic cells is jeopardized by the presence

of atypical infected urothelium.

Methods



We performed a retrospective multicentric study on 168 KTRs to assess the
role of pre-transplant d-sp ELISPot and PRT assays in predicting the risk of
biopsy-proven acute rejection (BPAR), de novo donor-specific antibodies
(DSA), and eGFR decline over a 48-month follow-up period.

We further validated a new rapid Bio-Layer Interferometry (BLI)-based assay to
measure urinary CXCL9 in <1 hour. The performance of this assay was
retrospectively compared to the standard ELISA technique in 86 KTRs with
various diagnoses. To assess utility in detecting adequacy of therapy we
serially measured serum creatinine and urinary CXCL9 in 6 subjects after
treatment for TCMR and correlated the results with histological and clinical
response to rejection treatment.

Finally, we conducted a retrospective single-center study on 147 KTRs to
explore the association between BKV infection and urothelial cancer (UC) and
the role of specific immunohistological stains on urinary cytology for the

diagnosis of UC in the context of BKV infection.

Results

d-sp ELISPOT was independently associated with TCMR (adjusted OR: 4.20
[95%CI: 1.06 to 21.73; P=0.041]). Median PRT and PRT+IL15 were
independently associated with higher eGFR decline at 48month post-
transplantation.

BLI accurately and reproducibly detected urinary CXCL9 in <1h for a non-
invasive diagnosis of TCMR in KTRs. In samples obtained after treatment for
TCMR, BLI CXCL9 measurements detected biopsy-proven intragraft infiltrates

despite treatment-induced reduction in serum creatinine.



Finally, patients with diagnosis of UC were more likely to have a BKV persistent

infection with increased viral replication (higher plasmatic detection)

Conclusions

Pre-transplant T-cell immune-monitoring using d-sp ELISPOT and PRT assays
identifies kidney transplant candidates at high risk of TCMR and worse kidney
allograft progression.

BLI-based urinary CXCL9 detection has potential as a point-of-care,
noninvasive biomarker to diagnose and guide therapy for TCMR in kidney
transplant recipients.

BKV infection is associated with increased risk of UC. In the context of BKV
infection, special immunohistochemical stains for p16 can increase the

sensitivity and specificity of urinary cytology for the diagnosis of UC.



Publications during the PhD Program

Regolisti G, Maggiore U, Sabatino A, Gandolfini I, Pioli S, Torino C, Aucella F,
Cupisti A, Pistolesi V, Capitanini A, Caloro G, Gregorini M, Battaglia Y,
Mandreoli M, Dani L, Mosconi G, Bellizzi V, Di lorio BR, Conti P, Fiaccadori E;
Gruppo di Studio “Esercizio fisico nel paziente con insufficienza renale cronica”
of the Societa Italiana di Nefrologia. Interaction of healthcare staff's attitude with
barriers to physical activity in hemodialysis patients: A quantitative assessment.
PLoS One. 2018 Apr 27;13(4):e0196313.

Piotti G, Gandolfini 1, Palmisano A, Maggiore u.
Metabolic risk profile in kidney transplant candidates and recipients. Nephrol
Dial Transplant. 2019 Mar 1;34(3):388-400.

Pistolesi V, Regolisti G, Morabito S, Gandolfini I, Corrado S, Piotti G,
Fiaccadori E. Contrast medium induced acute kidney injury: a narrative
review.J Nephrol. 2018 Dec; 31(6):797-812

Sabatino A, Piotti G, Cosola C, Gandolfini I, Kooman JP, Fiaccadori E. Dietary
protein and nutritional supplements in conventional hemodialysis. Semin Dial.
2018 Nov;31(6):583-591.

Gandolfini I, Crespo E, Baweja M, Jarque M, Donadei C, Luque S, Montero N,
Allesina A, Perin L, Maggiore U, Cravedi P, Bestard O. Impact of preformed T-
cell alloreactivity by means of donor-specific and panel of reactive T cells (PRT)
ELISPOT in kidney transplantation. PLoS One. 2018 Jul 30;13(7):e0200696.
doi: 10.1371/journal.pone.0200696. eCollection 2018.

Greco P, Regolisti G, Maggiore U, Ferioli E, Fani F, Locatelli C, Parenti E,
Maccari C, Gandolfini I, Fiaccadori E. Sustained low-efficiency dialysis for
metformin-associated lactic acidosis in patients with acute kidney injury.J
Nephrol. 2019 Apr;32(2):297-306

Montero N, Farouk S, Gandolfini I, Crespo E, Jarque M, Meneghini M, Torija
A, Maggiore U, Cravedi P, Bestard O. Pretransplant Donor-specific IFNy
ELISPOT as a Predictor of Graft Rejection: A Diagnostic Test Accuracy Meta-
analysis. Transplant Direct. 2019 Apr 25;5(5):e451.

Gandolfini I, Regolisti G, Bazzocchi A, Maggiore U, Palmisano A, Piotti G,
Fiaccadori E, Sabatino A. Frailty and Sarcopenia in Older Patients Receiving
Kidney Transplantation. Front Nutr. 2019 Nov 12;6:169.

Gandolfini I, Delsante M, Fiaccadori E, Zaza G, Manenti L, Degli Antoni A,
Peruzzi L, Riella LV, Cravedi P, Maggiore U. COVID-19 in kidney transplant
recipients. Am J Transplant. 2020 Jul;20(7):1941-1943.



Delsante M, Rossi GM, Gandolfini I, Bagnasco SM, Rosenberg AZ. Kidney
Involvement in COVID-19: Need for Better Definitions. J Am Soc Nephrol. 2020
Sep;31(9):2224-2225.

Cravedi P, Mothi SS, Azzi Y, Haverly M, Farouk SS, Pérez-Saez MJ, Redondo-
Pachon MD, Murphy B, Florman S, Cyrino LG, Grafals M, Venkataraman S,
Cheng XS, Wang AX, Zaza G, Ranghino A, Furian L, Manrique J, Maggiore U,
Gandolfini I, Agrawal N, Patel H, Akalin E, Riella LV. COVID-19 and kidney
transplantation: Results from the TANGO International Transplant Consortium.
Am J Transplant. 2020 Nov;20(11):3140-3148.

Gandolfini I, Zanelli P, Palmisano A, Salvetti D, Parmigiani A, Maltzman JS,
Labate C, Fiaccadori E, Cravedi P, Maggiore U. Anti-HLA and anti-SARS-CoV2
Antibodies in Kidney Transplant Recipient with COVID-19. Transpl Int. 2021
Jan 22.

Palmisano A, Gandolfini I, Delsante M, Cantarelli C, Fiaccadori E, Cravedi P,
Maggiore U. Acute Kidney Injury (AKI) before and after Kidney Transplantation:
Causes, Medical Approach, and Implications for the Long-Term Outcomes. J
Clin Med. 2021 Apr 2;10(7):1484

Mitra S, Jayanti A, Vart P, Coca A, Gallieni M, @vrehus MA, Midtvedt K, Abd
ElHafeez S, Gandolfini I, Buttner S, Franssen CFM, Hemmelder MH;
ERACODA Collaborators. Clinical triage of patients on kidney replacement
therapy presenting with COVID-19: an ERACODA registry analysis. Nephrol
Dial Transplant. 2021 Dec 2;36(12):2308-2320.

Maggiore U, Palmisano A, Buti S, Claire Giudice G, Cattaneo D, Giuliani N,
Fiaccadori E, Gandolfini I, Cravedi P. Chemotherapy, targeted therapy and
immunotherapy: Which drugs can be safely used in the solid organ transplant
recipients? Transpl Int. 2021 Dec;34(12):2442-2458.

Oniscu GC, Abramowicz D, Bolignano D, Gandolfini I, Hellemans R, Maggiore
U, Nistor |, O'Neill S, Sever MS, Koobasi M, Nagler EV. Management of obesity
in kidney transplant candidates and recipients: A clinical practice guideline by
the DESCARTES Working Group of ERA. Nephrol Dial Transplant. 2021 Dec
24;37(Supplement_1):i1-i15.



Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

CONTENT

General Introduction

Pre-transplant risk assessment of cellular immunity: impact of
preformed t-cell alloreactivity by means of donor-specific and panel of

reactive t cells (PRT) ELISpot in kidney transplantation

Post-transplant non-invasive diagnosis of cell-mediated rejection and
its treatment response: rapid bio-layer interferometry measurements of
urinary CXCL9 to detect cellular infiltrates noninvasively after kidney

transplantation

Post-transplant non-invasive diagnosis of urothelial cancer: The role
of pl6 immunohistochemistry on urinary cytology for non-invasive

diagnosis of urothelial cancer in the context of BKV infection

General discussion and future prospectives



CHAPTER

GENERAL INTRODUCTION

Kidney transplantation is the treatment of choice for end-stage renal disease,
indeed it is associated with a lower mortality and a better quality of life
compared to dialysis '2.

In the absence of immunosuppression the immune system of the recipient is
attacking the graft and rejecting it with subsequent loss of the kidney 3.

The immunosuppression can however increase the risk of infections 4 and
some neoplasms ° with higher morbidity and mortality compared to the general
population.

It is therefore crucial to find biomarkers that are able to stratify the patients
according to their risk of developing rejection in order to minimize the therapy

as much as possible in the low-risk group and tailored the immunosuppression



in the high-risk population 67,

The ideal biomarker should be cheap, quick and available at the time of the
transplant to assess the appropriate therapy for every patient but also it should
be easily repeatable after transplant to follow up the immunological status and
avoid graft biopsies and other invasive tests 8-1°,

A lot of biomarkers have been recently proposed to assess the humoral and
cellular -2 immunological reactivity.

The assessment of circulating donor-specific anti-HLA antibodies (DSA) has
led to a dramatic reduction in the incidence of acute antibody-mediated
rejection (ABMR) 1314, Conversely, no immune assay is currently performed on
a standard basis to predict the risk of T-cell mediated rejection (TCMR) that still
occurs in up to 10-15% of kidney transplant patients ©.

In the second chapter of my thesis, | will focus on pre-transplant evaluation of
alloreactive memory T cells by measuring the release of interferon-gamma after
stimulation with donor-derived B cells or with a pool of B cells representative of
the cadaveric donor population, and | will correlate these results with major
clinical outcomes. These pre-transplant evaluation of cellular alloresponse
could be helpful to stratify the risk for rejection and choose the best induction
therapy to be administered at the time of transplantation.

The gold standard for TCMR diagnosis after kidney transplantation is the
pathological evaluation of kidney biopsy. This procedure is, however, invasive,
and poorly repeatable. Moreover, most of the transplant centers are performing
renal biopsy only for-cause, that means for a rising of serum creatinine, or
detection of proteinuria or DSA, when the kidney damage is already involving

most of the renal parenchyma, limiting the chances of an effective



treatment’® 16, A few experienced centers perform follow-up biopsies to assess
efficacy of anti-rejection therapy, but this practice is impractical, risky and
therefore not done routinely in most transplant centers’”.

Noninvasive monitoring tools capable of rapidly assessing intragraft
inflammation could help early diagnosing and treating rejection, thereby
potentially improve graft function and patient health.

Urinary chemokines are among candidate biomarkers for detecting kidney
allograft inflammation.’®'® CXCL9 is an interferon-gamma (IFNJ[J-induced, T
cell chemoattractant chemokine produced by monocyte/macrophages,
endothelial cells and renal parenchymal cells?°.

Results of previous studies?'-?” showed that measurements of urinary CXCL9
(UCXCL9) can differentiate TCMR from most other causes of acute post-
transplant kidney dysfunction in the absence of infection with a negative
predictive value of 92% 2°.

In a follow-up tacrolimus withdrawal trial (CTOT-09, NCT01517984), serial
ELISA uCXCL9 measurements detected TCMR up to 30 days prior to clinical
presentation 27, emphasizing the potential role of this non-invasive biomarker
in the early diagnosis of rejection.

One of the major obstacle for “real-time” implementation of therapeutic changes
based on uCXCL9 is the 12-24 hour requisite turn-around time for ELISA tests.
Herein, in the third chapter, | report an alternative, automated, “point-of-care”
UCXCL9 assay that can be performed in <1 hour.

In addition to confirming that this innovative technology can diagnose TCMR

noninvasively, we provide proof-of-concept that serial uUCXCL9 measurements



following therapy of TCMR could be employed to guide subsequent clinical
decision-making.

The fourth chapter of my thesis is dealing with another clinical dilemma in
kidney transplantation: the non-invasive diagnosis of urothelial cancer in the
context of BK virus (BKV) infection in kidney transplant recipients.

BKV is a polyomavirus that can often reactivate in immunosuppressed
individuals and can be responsible for cytopathic alteration of the urinary tract
and renal tubular epithelium in up to one third of the kidney transplant
recipients?®. This condition strongly limits the sensitivity and specificity of
urinary cytology for non-invasive diagnosis of urothelial cancer in the context of
a high-risk population. Moreover, recent studies suggested a role of BKV in
altering cell cycle, through p16 and p53 oncogene dysregulation, and
potentially inducing urothelial cancer?®-32 in human and animal models. For this
reason, many transplant associations are suggesting to periodically monitor
through invasive cystoscopy these patients.

In this last project | investigated the potential role of immunohistochemistry for
BKV p16 oncogene on urinary cytology in the non-invasive diagnosis of

urothelial cancer in the context of BKV infection.
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INTRODUCTION

Currently, immunosuppressive therapy in kidney transplant patients is largely
chosen on the basis of center-specific protocols and is empirically guided by
nonspecific clinical parameters including serum creatinine, circulating drug
levels, and kidney biopsies’# As a result, there are some patients receiving too
little immunosuppression and others unnecessarily exposed to the toxicities of
inadequately high doses of immunosuppressive drugs®®. Therefore, tools to
monitor alloimmune response in a non-invasive and specific manner are
urgently needed to tailorimmunosuppression according to the individual-patient

immunological risk’-".

The notion that alloreactive memory T cells (Tmem) are crucial mediators of
allograft rejection led to the development of the cytokine enzyme-linked
immunospot (ELISPOT) assay which is able to quantify circulating alloreactive
Tmem at the single cell level’?'3, Initial studies have shown that pre-
transplantation d-sp ELISPOT correlates with biopsy-proven acute rejection
(BPAR) after kidney transplantation’'® and could be used to tailor
immunosuppression?®23, In 2015, a large prospective-cohort study of 176
kidney transplant patients surprisingly failed to observe a relationship between
positive pre-transplant d-sp ELISPOT and BPAR, but detected a relationship
between and lower one-year graft function in patients not receiving
thymoglobulin induction. This relationship was absent in patients induced with
thymoglobulin, suggesting that thymoglobulin diminishes the risk of graft injury

in patients with a positive d-sp ELISPOT before transplant?*.

A major drawback of the d-sp ELISPOT assay is that it requires donor cells and

over 24 hours to be performed, making it impractical in cadaveric kidney



recipients?®. To address this issue, a T-cell reactivity index, or panel of reactive
T-cells (PRT) has been proposed utilizing the ELISPOT responses to common
HLA antigens from a pool of donors reflective of general organ donor pool.
Similar to the panel-reactive antibody test for identifying individuals with
elevated levels of anti-HLA antibodies, the PRT may identify patients at risk for
post-transplantation cellular-mediated graft injury?®. In a small study of 30
kidney transplant patients, six of the seven (86%) patients with acute rejection
were PRT-positive whereas only one had low PRT before transplantation?®.
Other small, retrospective studies reported an association between positive
pre-transplant PRT and increased risk of acute rejection?’. However, the utility
of PRT in predicting graft outcomes has not yet been investigated in larger
cohorts of kidney transplant patients. Additionally, a comparison of the
performance of the d-sp ELISPOT assay and the PRT assay has not been

evaluated yet.

Emerging data identified circulating CD28" T cells as crucial population for both
allograft tolerance and rejection?®-3°. These cells do not proliferate nor produce
IFN-y in regular mixed lymphocyte reaction assays, but can be unraveled by
adding IL-15 to the assay3":32. In vivo, IL-15 is produced by renal epithelial cells
and promotes the recruitment and activation of alloreactive CD28 T cells.
Therefore, quantifying these cells pre-transplant by adding IL15 to standard
PRT may be important in stratifying the risk of BPAR3".

In this large retrospective-cohort study, we performed pre-transplant d-sp
ELISPOT and PRT (£IL15) in 168 consecutive kidney transplant recipients and

evaluated their independent relationship with the development of BPAR and



other transplant outcomes including de novo DSA, graft function and graft

failure.



METHODS
Patients and interventions

This retrospective-cohort study included all consecutive adult patients (=18
years) who received a kidney transplant from living or deceased donors at
Bellvitge University Hospital, Barcelona, Spain, from 2011 to 2013 who had
donor and recipient blood or spleen samples available. Exclusion criteria
included multiple organ transplant recipients, ABO incompatible transplants,
and positive complement-dependent cytotoxicity cross-match. The study was
approved by Institutional Review Board (IRB) (HUB PR228/13) of the Bellvitge
University Hospital and all eligible patients provided written informed consent
for study participation.

Estimated GFR (CKD-EPI)3? and 24h-proteinuria were assessed at 3, 6, 12, 24,
36 and 48 months post-transplantation. All patients underwent graft biopsy in
the case of clinical dysfunction. All biopsy samples were scored following the
international Banff 2013 classification criteria®*.

Delayed graft function (DGF) was defined as the need for dialysis during the
first week after transplant. Patients were followed-up until October 315 2016 or
graft failure (dialysis or death with a functioning graft).

Immunosuppressive therapy consisted of induction with thymoglobulin (total
dose: 4.5 mg/kg over 5 days) or basiliximab (20 mg on days 0 and 4).
Maintenance immunosuppressive treatment consisted of tacrolimus or
cyclosporine, mycophenolate mofetil (MMF) and steroids. Steroid withdrawal
was undertaken at 3 months after transplant based on clinical criteria in those

patients with stable renal function and no previous BPAR episodes.



Donor-specific ELISPOT and PRT results were unavailable to the clinicians in
charge of the patients and therefore had no influence on the choice of

immunosuppression and clinical management of the transplant patients.
Donor-specific ELISPOT assay

Donor-specific ELISPOT assay was performed as previously described?%°. In
brief, recipient peripheral blood mononuclear cells (PBMCs) (harvested on the
day of transplant before the administration of any immunosuppressive drug)
were isolated by Ficoll gradient centrifugation. Donor cells were obtained from
donor spleens or PBMCs in deceased and living donors, respectively. Donor
and recipient cells were frozen in liquid nitrogen and defrosted on the day of
the ELISPOT or PRT assays. Deceased-donor splenocytes were CD2-depleted
and living-donor PBMCs were CD3-depleted. Recipient PBMCs (3x10°
cells/well) were tested in triplicate wells with respective donor cells (3x10°
cells/well) in 96-well plates. Anti-third party cells (full mismatch A, B and DR
splenocytes) were also used as stimulators and evaluated in triplicate wells.
PBMCs plus medium alone served as a negative control and

phytohemagglutinin (PHA) stimulation was used as a positive control.
PRT assay

The lowest number of stimulator B cells and PBMCs able to provide results
highly correlated (Supplemental Figure S1; R2: 0.94; P<0.0001) with the ones
obtained with standard technique®®?” was 100.000 responder PBMCs against
60.000 in vitro expanded (not EBV transformed) allogeneic B-cell stimulators.
Therefore, we used these numbers of cells for all our experiments in a 384-well

plate.



Figure s1. Analysis of the best choice among different combinations of PBMCs and B cells in order to
reproduce the results from the standard PRT assay, which is traditionally based on a 300,000 PBMCs to
100,00 B cells ratio per well. Each plot represents the linear correlation between a PBMCs to B cells
ratio combination (x-axis) selected in order to minimize the number of cell used, and the standard
300,000 PBMCs/100,000 B cells combination (y axis). The 100,000 PBMCs to 60,000 B cells ratio (left-
lower-most panel) showed an excellent correlation with the standard 300,000 PBMCs to 100,00 B cells
ratio (R2=0.94) and was therefore used for the PRT assays in the current study. Each dot represents
the average of two wells.
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Each responder was tested in duplicate against a panel of six previously frozen
B-cell stimulators (Table s1) with and without the addition of IL15 (1 ng/mL,
Biolegend). PBMCs plus medium alone or PHA served as negative and positive

controls, respectively.

B cell lines were obtained from Dr. Heeger (Icahn School of Medicine at Mount
Sinai, New York, US)%. Briefly, B cells were isolated and expanded from a
panel of from 6 distinct donor spleen cells or PBMC. B cells have been
expanded in vitro by culturing them with cytokines (IL-2 and IL-4) and CD40L
transfected fibroblasts. In order to confirm that B cell lines represented donor
HLA repertoires in our cohort of patients, the expression of common HLA A, B
and DR alleles was studied in this cohort regarding B cell lines HLA typing. As
shown in Figure S2, B cell panel HLA alleles represented 61.95%, 59.27% and
78.86% of expression over all HLA A, HLA B and HLA DR alleles expressed in
our donor cohort, respectively. Importantly, besides covering a great proportion
of our donor HLA repertoire, the HLA type of the B cell lines represented the
most frequent alleles of our donor cohort population.

Figure S2. Percentage of expression of HLA A, B and DR alleles and coverage to donor HLA
repertoires provided by B cell lines. Expression of B cell panel HLA alleles represented 61.95%,

59.27% and 78.86% of expression over all HLA A, HLA B and HLA DR alleles expressed,

respectively. Red bars represent HLA alelles that were in common with the B cell lines.
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Spot quantification



The spots for d-sp ELISPOT were quantified using the AID® ELISPOT reader
4th generation (Autoimmun Diagnostika, Strassberg, Germany) and for PRT
using the ImmunospotS4 Core Analyzer (CTL, Shaker Heights, OH, USA) by
two independent researchers and averaged. We determined mean numbers of
d-sp ELISPOTs per 3X10° responder PBMCs from triplicate wells. Spots
detected in control wells without stimulators were subtracted from the total

number of spots.

To determine d-sp ELISPOT positivity, we used the previously published
threshold of 225 IFN-y spots/3x10° PBMC'. This choice was supported by an
analysis aimed at identifying the best cut-off point (data not shown), that
compared the Akaike information criterion between regression models for

BPAR which differed for the selected d-sp ELISPOT positivity cutpoint.

We analyzed PRT and PRT +IL15 as continuous variables represented by the
median number of spots/3x10° PBMCs against the 6 B-cell lines. We defined
PRT positivity against a B cell line as 240 spots/3x10° B cells, and 250
spots/3x10° for PRT +IL15 (approximate lower bound of the upper quintile of
median PRT and PRT+IL15, respectively). Patients were classified as
belonging to the category of “positive” PRT when PRT ELISPOTs were positive
against at least one of the six B-cell lines, or to the “negative” PRT category

when PRT ELISPOTSs were negative against all the six B-cell lines.
Circulating anti-HLA antibodies

Screening for circulating anti-HLA class | and Il alloantibodies was done in all
patients prior to transplantation and in a subset of 117 patients (69%) at least

once after transplantation according to serum availability, using single-antigen



flow bead assays on a Luminex platform (Lifecodes, a division of Immucor,
Stamford, CT). All beads showing a normalized mean fluorescence intensity of
>1500 MFI were considered positive if (mean fluorescence intensity/[mean

fluorescence intensity lowest bead]) > 5.
Statistical analyses

All analyses were performed using the statistical package Stata Statistical
Software package, Release 15.0. (StataCorp, College Station, TX). A two-tailed

p-value less than 0.05 was regarded as statistically significant.

Estimates were expressed as differences between positive vs. negative d-sp
ELISPOT, differences between positive vs negative PRT (and PRT+IL15), or
as changes per one unit standard deviation of the continuous variables of d-sp
ELISPOTSs, median PRT, and median PRT+IL15, which were approximately 50,
25, and 30 IFN-y spots/3x10° PBMCs for d-sp ELISPOT, PRT and PRT+IL15,
respectively. Linearity of the continuous variables was tested using fractional

polynomials.

We estimated the association between baseline recipients’ characteristics and
the mean number of IFN-y spots of d-sp ELISPOT, PRT and PRT+IL15 using
gamma regression via generalized linear models with robust standard errors,
due to the non-normal distribution with long right tails of the dependent

variables

We used the Kaplan—-Meier method to estimate the crude probability of
uncensored and death-censored graft survival and Cox regression models to
examine the multivariable-adjusted relationship between d-sp ELISPOT, PRT,

PRT+IL15 and graft failure. Logistic regression models, with the statistical



inference based on the likelihood ratio test, were used to estimate multivariable-
adjusted odds ratios of BPAR and de novo DSA associated with d-sp ELISPOT
and PRT (and PRT+IL15). Because of the virtual absence of BPAR-outcomes
in patients receiving thymoglobulin induction, all the analyses were repeated in

the subset of patients not receiving thymoglobulin induction.

For the analysis of 48-months longitudinal changes of eGFR and of
Log(proteinuria) from baseline, set at 3 months post-transplantation, we fitted
repeated measures linear mixed models using restricted maximum likelihood
to take into account of the presence of unbalanced data (i.e. not all patient had
the eGFR measured at each time point). All the reported hypothesis tests for
the fixed effects were based on a small-sample adjustment3¢. We checked
normality distribution assumption by inspecting histograms and standardized
normal probability plot of residuals, and homogeneity of variance assumption
by inspecting residuals-vs-fitted plots. We verified model fitting by inspecting
observed-vs-fitted-values plots, and observed-vs-fitted-individual-eGFR-

trajectories plots.

All multivariable-adjusted regression models included, whenever applicable,
the following characteristics: baseline eGFR, baseline 24h-proteinuria,
recipient and donor age, living (vs deceased) donor, cold ischemia time,
thymoglobulin induction (indicator variable 1 if yes, 0 if otherwise), re-
transplantation, pre-transplant HLA antibodies (indicator variable 1 if cPRA
>5%, 0 if otherwise), HLA A/B and HLA DR mismatch, glomerulonephritis as
primary renal disease (indicator variable 1 if yes, 0 if otherwise), dialysis

vintage, and prednisone withdrawal.



We used the margins Stata command to calculate crude and adjusted means,
crude and adjusted effects and 95% confidence intervals, as predicted by the

previously fitted regression model.



RESULTS
Patients

The study included 168 patients who were followed-up for a median
(interquartile range) period of 45 (37-61) months. Patients were mainly
Caucasian and recipients of cadaveric donors (Table 1). Only a minority of
recipients were at increased immunological risk either because of re-
transplantation (13%) or because of pre-formed HLA circulating antibodies
(12%). Most patients received induction therapy with thymoglobulin (24%) or
basiliximab (65%). Maintenance immunosuppression was based on calcineurin
inhibitors, MMF, and steroids. Steroid withdrawal was undertaken in 57% of the
subjects at 3 months after transplant. Donor-specific ELISPOT and PRT (IL15)

data were available for all the patients.
Donor-specific ELISPOT and PRT

Donor-specific ELISPOT was positive in 81 (48%) patients, while 71 (42%) and
81 (48%) patients had a positive PRT and a PRT+IL15 against at least one of
the six B-cell lines, respectively. The number of spots was of the same order of
magnitude across d-sp ELISPOTs, PRT, and PRT+IL15 (50° percentile: 23, 18
and 26 IFN-y spots/3x10° PBMCs, respectively), but d-sp ELISPOT had the
largest variability among the three assays as judged by its interquartile range

(Table 1).

Median d-sp ELISPOTs were correlated, to a lower extent, with PRT and
PRT+IL15 (rho=0.18, P=0.021 and rho=0.19, P=0.016, respectively, Figure
1A-B), while PRT and PRT+IL15 were highly correlated with each other

(rho=0.96, P<0.001, Figure 1C). Median PRT values were significantly lower



compared to median PRT+IL15 values (P<0.001; Figure 2). There was no
statistically significant association between patients classified as d-sp ELISPOT
positive and patients classified as PRT or PRT+IL15 positive (P=0.64, and
P=0.44, respectively), while there was a strong association between positive
PRT and positive PRT+IL15 patients (kappa coefficient of agreement: 0.66;
P<0.001). The frequencies of PRT and PRT+IL15 spots did not differ between
patients with a positive or negative d-sp ELISPOT (data not shown).

Figure 1. Correlation between d-sp ELISPOT (as number of spots) and median (i.e., median
number of spots against the six B cell lines) PRT (A) and PRT+IL-15 (B) (rho=0.18, P=0.021

and rho=0.19, P=0.016, respectively) Correlation between median PRT and median PRT IL-15

(rho =0.96, P<0.001) (C).
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Figure 2. Median PRT and median PRT+IL5 (as number of spots) for each of the 168 patients.
Dotted lines connect data belonging to the same patients. The number of spots was larger with
median PRT+IL15 compared to median PRT (P<0.001 by Wilcoxon matched-pairs signed-

ranks test).

P<0.001 by Wilcoxon signed-rank test
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Clinical outcomes of the study cohort

During the follow-up period, nine patients returned to dialysis and six died with
a functioning graft (48-months graft survival: 90.2% [95%CI: 84.2 to 94.1]; 48-

months death censored graft survival: 94.6% [89.8 to 97.1]). Three- and 48-



month estimated eGFR were 51.1 and 45.6mL/min/1.73m?, respectively (48-
month decrease in eGFR: -5.4mL/min/1.73m? [95%CI: -7.9 to -3.0; P<0.001]).
At 48 months after transplant, median proteinuria was 16 mg/24h and no patient

had proteinuria above 0.5g/24h.

Fifty-seven (42.9%) and two (5.7%) of the deceased donor and living donor
recipients respectively, developed DGF. Fifteen patients developed BPAR
(8.9% [95%CI: 5.4 to 14.3]), including one case of antibody-mediated rejection.
Among 117 patients with available Luminex SAB assessment after

transplantation, de novo DSAs were detected in 11 cases (9.4%).

Impact of pre-transplant d-sp ELISPOT and PRT assays on main graft

outcomes

Donor-specific ELISPOT, PRT and PRT+IL15 were not associated with the
main baseline clinical and epidemiological characteristics including number of
previous transplants, type of ESRD, pre-transplant sensitization, donor and
recipient age and gender, ethnicity, type of transplant or the number of HLA

mismatches (Table 2).

Unexpectedly, patients who underwent steroid withdrawal had significantly
lower pre-transplant d-sp ELISPOTs compared to patients maintained on
steroids (Table 2). There was no association between pre-transplant d-sp

ELISPOT, PRT or PRT+IL15 and DGF (data not shown).

Donor-specific ELISPOT positivity was associated with a significantly higher
risk of BPAR (12/81[15%] vs. 3/87 [3%] for d-sp ELISPOT positive vs. negative,
P=0.013 respectively; adjusted Odds Ratio, aOR: 4.20 [95%CI: 1.06 to 21.73;

P=0.041], Table 3). A positive pre-transplant d-sp ELISPOT predicted BPAR



with a negative and positive predictive value of 96% (95%CI: 94 to 99%), and
15% (95%CI: 9 to 20%), respectively. Conversely, there was no association
between positive PRT or PRT+IL15 and BPAR (BPAR risk in positive vs
negative patients: 6/71 [8%] vs 9/97 [9%)], P=0.54; and 6/81 [7%] vs 9/87 [10%)],
P=0.59 for PRT and PRT+IL15, respectively). When expressed per one
standard deviation unit increase in the number of spots, the aOR of BPAR was
1.79 (95%CI: 1.02 to 3.10: P=0.042) for d-sp ELISPOT, and 1.06 (0.50 to 1.95;
P=0.87) and 0.95 (0.42 to 1.82; P=0.88) for median PRT and median
PRT+IL15, respectively (Table 3). Figure 3 shows the adjusted predicted risk
of BPAR (i.e. proportion of patients developing BPAR) according to the number
of spots of d-sp ELISPOT, median PRT, and median PRT+IL15, with
superimposed the histograms of the actual data distribution of the assay test
results in the study population. Increased d-sp ELISPOT spot frequencies were
associated with four-time increased risk of BPAR (from zero to 150 spots BPAR
risk increased from approximately 5 to 20%), while increased median PRT and
median PRT+IL15 spots were not associated with increased BPAR risk.

Figure 3. Risk of BPAR (i.e. proportion of patients developing BPAR) according to the number
of IFN-y spots for d-sp ELISPOT (A), median PRT (B), and median PRT+IL15 (C). The solid
line represents the risk of BPAR, the dashed lines represent the upper and lower 95%
confidence intervals. The risk of BPAR significantly increased with the number of spots of d-sp
ELISPOT (P=0.042), whereas it did not increase with the number of spots of Median PRT and
Median PRT+IL15 (P=0.87 and P=0.88, respectively). The superimposed histograms report the
frequency distribution of the data values in the study population. The spread of the data values
was larger with d-sp ELISPOT compared to Median PRT and Median PRT+IL15. Outside the
range of the actual data distribution the risk of BPAR is not reported because it would otherwise

represent an inaccurate extrapolation of the BPAR risk estimates. The plotted risk of BPAR is

adjusted for recipient and donor age, living (vs deceased) donor, cold ischemia time,



Thymoglobulin induction, re-transplantation, pre-transplant HLA antibodies, HLA A/B AND HLA
DR mismatch, glomerulonephritis as primary renal disease, dialysis vintage, and prednisone
withdrawal (i.e., Model 2 in Table 3). Every covariate was set to the mean value in the study

population, the indicator variate prednisone withdrawal was set to zero (i.e., no withdrawal).
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The association between d-sp ELISPOT and BPAR became stronger after
excluding the 41 patients who received thymoglobulin induction. In patients with
positive d-sp ELISPOT not induced with thymoglobulin, the incidence of BPAR
was 12/66 (18%) vs 2/61 (3%) in patients with negative d-sp ELISPOT
(P=0.009; aOR 7.97 [1.52 to 68.88; P=0.012], Table 3). When expressed per
one standard deviation unit increase in the number of spots, the aOR of BPAR
increased to 1.89 (1.07-3.37; P=0.029) for d-sp ELISPOT (Table 3), whereas
the aOR remained unchanged for median PRT and for median PRT+IL15 (aOR

1.12[0.51-2.23; P=0.75], and 1.02 [0.44-2.06; P=0.96], respectively).

There was no association between pre-transplant d-sp ELISPOT, PRT, or
PRT+IL15 and de novo DSA (de novo DSA risk in positive vs negative patients:
4/65 [6%] vs 7/52 [13%], P=0.21; 4/49 [8%] vs 7/68 [10%], P=0.76; 6/56 [11%]
vs 5/61 [8%], P=0.76 for donor-reactive d-sp ELISPOT, PRT, or PRT+IL15,

respectively). Similarly, the analysis based on spots considered as a



continuous variable yielded non-significant findings (data not shown). Pre-
transplant sensitization (i.e. cPRA>5%) was the single statistically significant
risk indicator for development of de novo DSA (incidence of de novo DSA in
sensitized patents was 3/8 [37%] and 8/109 [7%] in non-sensitized patients,
P=0.027). Although sensitized patients had a numerically higher increased risk
of BPAR compared to non-sensitized patients (2/12 [17%] vs 13/156 [8%)]), the

difference was not statistically significant (P=0.29).
Graft function progression and survival

After adjusting for 3-month eGFR and for baseline clinical and demographic
characteristics, median PRT and median PRT+IL15, but not d-sp ELISPOT,
were significantly associated with a sharper decline of 3-48months eGFR
(Figure 4). The eGFR decline increased by -3.4mL/min/1.73m? (95%Cl: -5.8 to
-1.1; P=0.005) and by -2.8 mL/min/1.73m? (-5.2 to -0.3; P=0.037) per one
standard deviation unit increase in the number of spots for median PRT and for
median PRT+IL15, respectively (Figure 4). However, positive PRT and
PRT+IL15 were not significantly correlated with 48-month eGFR decline
(difference in 48 months eGFR decline between positive and negative patients:
-3.9 mL/min/1.73m? [-8.5 to +0.7; P=0.096] and -2.3 [-7.0 to +2.3; P=0.32] for
PRT and PRT+IL15, respectively) (Figure 4). There was no relationship
between any of the assays studied and 24h-proteinuria at 48 months after

transplant (data not shown).



Being positive or negative for both the d-sp ELISPOT and the PRT (- or + IL15)
assay did not provide any prognostic advantage in predicting BPAR or eGFR
change beyond every single assay used alone (data not shown). Crude and
adjusted analyses showed no significant association between and any of the
assays studied and uncensored or death-censored graft failure (data not

shown).

Figure 4. Fitted means of 48-months eGFR decline from multiple regression models for
repeated measures (see text) in patients with positive and negative d-sp ELISPOT (A), positive
and negative PRT (B), positive and negative PRT+IL15 (C), and in hypothetical patients having
number of IFN-y spots equal to the 0°, 80°, 90°, and 95° centile of the study population for d-
sp ELISPOT (D), for median PRT (E), and for median PRT+IL15 (F). The 48-months eGFR
decline did not differ significantly when comparing positive vs negative assays, but it did differ
when examining the relation with the numerical variable number-of-spots of median PRT (E)
and of median PRT+IL15 (F). According to multiple regression models, the 48-months eGFR
declined by -3.4mL/min/1.73m? (95%Cl: -5.8 to -1.1; P=0.005) and by -2.8 mL/min/1.73m? (-
5.2 to -0.3; P=0.037) per one standard deviation unit increase in the number of IFN-y spots of
median PRT and median PRT+IL15, respectively. Panels D, E, and F report the fitted 48-
months eGFR decline of hypothetical patients having number of IFN-y spots equal to the 0°,
80°, 90°, and 95° centile of the study population to provide a visual appraisal of the fitted relation

mentioned above between the number of IFN-y spots and eGFR decline.

Dots represent predicted means from the fitted multiple regression models for repeated
measures, vertical bars represent 95% confidence intervals. Regression models were adjusted
for 3-month eGFR, recipient and donor age, living (vs deceased) donor, cold ischemia time,
Thymoglobulin induction, re-transplantation, pre-transplant HLA antibodies, HLA A/B AND HLA
DR mismatch, glomerulonephritis as primary renal disease, dialysis vintage, and prednisone

withdrawal.
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DISCUSSION

Our large study of deceased and living kidney transplant recipients shows that
positive d-sp ELISPOT, but not PRT, identifies patients at increased risk of
BPAR after transplantation, whereas patients with high pre-transplant PRT
display significant graft function loss over a 4-year follow-up period. Addition of

IL15 did not increase the predictive power of the PRT assay.

Previous studies testing the predictive power value of d-sp ELISPOT or PRT in
kidney transplant recipients prior to transplantation largely included small
cohorts, have reported a disparity of results and did not formally compare the
two assays, while our data from a large series of transplanted individuals

allowed to assess the potential complementary characteristics of both assays.

Recent works have shown a strong association between positive pre-transplant
d-sp ELISPOT and increased risk of BPAR after transplantation, particularly
TCMR, and especially, in patients not receiving T-cell depleting induction
therapies®'422, Our current findings confirm and expand previous evidence in
a larger cohort of patients, where the relationship between pretransplant d-sp
ELISPOT and a higher risk of BPAR was mainly driven by patients not induced

with Thymoglobulin.

Despite the statistically significant association between pre-transplant d-sp
ELISPOT and higher risk of BPAR, only 15% of patients with positive test
developed the event. On the other hand, amongst subjects with negative assay,
virtually no one developed BPAR (only 3%) thus, highlighting the high negative

predictive value of the assay enabling an accurate capacity to identify those



patients at low immunological risk that could eventually benefit of receiving less

immunosuppression.

We did not find any association between a positive pre-transplant d-sp
ELISPOT and worse allograft function progression after transplantation.
Nonetheless, while some studies have showed such correlation, particularly
among patients not receiving T-cell induction therapy'42?4, some other groups
have not been able to find such association transplantation®13.1520.37 put have
conversely found a consistent relationship between worse kidney allograft
function progression and the d-sp ELISPOT when assessed after
transplantation suggesting a much close illustration of the on-going anti-donor

T-cell alloimmune response of transplant patients.

To the best of our knowledge, the current study is the largest work testing the
association between pre-transplant PRT and graft outcomes. In contrast with
previous few smaller studies?®, we did not detect a relationship between PRT
and BPAR. A previous study identified an inverse nonsignificant trend between
pre-transplant PRT and eGFR. The large sample size of our cohort and long-
term follow-up, allowed us to find a significant association between the
frequency of pre-transplant PRT and PRT+IL15 and eGFR decline at 4 years.
This association suggests that patients with a broad pre-transplant alloreactive
T-cell repertoire, expressed by means of high PRT, may be at increased risk of
the formation of crossreactive T and B cells with allo- and auto-reactive
specificities that may lead to progressive but smoldering subclinical allograft
damage. Unfortunately, lack of surveillance graft biopsies or measurement of
circulating auto- or allo-antibodies in a significant fraction of patients prevented

us from confirming this hypothesis.



Adding IL15 to the PRT did not increase the predictive power of the assay,
indicating that the circulating CD8*CD28- Tmem measured before engraftment
do not play a major role in the pathogenesis of subsequent allograft injury, at
least in patients on calcineurin inhibitor-based immunosuppression. This is
consistent with our preliminary data suggesting that the number of these cells
before transplant predicted acute rejection only in kidney transplant recipients
receiving costimulation blockade-based immunosuppression with CTLA4Ig
(Cravedi P, Gandolfini I, Donadei C, et al. Pre-Transplant Panel Reactive T
Cells (PRT) with IL-15 as a Risk-Stratifier of Acute Rejection in Kidney
Transplant Patients on Belatacept Therapy. American Transplant Congress.
Chicago, May 2017. Abstract). Further studies, however, are needed to define
the utility of PRT+IL15 in predicting graft outcomes in kidney transplant

recipients.

We found no relationship between any of the pre-transplant assays and the
development of DSA. While missing data on DSA development may have
prevented us from detecting such relationship, these data are in agreement with
our 2017 recent study® showing that only post-transplant, but not pre-transplant
d-sp ELISPOT can inform on the risk of developing DSA. This data together
with the absence of association with graft function progression over time highly
suggest that monitoring anti-donor T-cell alloreactivity after kidney
transplantation may be particularly useful to gain more insight about the
alloimmune state of transplant patients after having received the initial high
burden of induction immuosuppression and thus, more accurately indicate how

such immune state may progressively impact on long-term allograft outcomes.



We acknowledge that our study has some limitations. Firstly, it was a single-
center, retrospective study. However, main aim of this study was to perform the
first large comparison between the two main assays to measure T-cell
alloreactivity that could be implemented in clinical practice in the short term. In
addition, the use of only six B-cell lines might have restricted the broad allogenic
repertoire of the transplant recipients evaluated in this study and therefore,
might have prevented a more granular differentiation between patients, as it
occurs with the PRA assays. However, the findings of the current study set the
basis for subsequent investigations to test the predictive power of PRT based

on a more extensive panel of B-cell lines.

Due to the limited amount of PBMC available, we could not perform d-sp
ELISPOT in the presence of IL15 and thus, future studies will be important in
assessing are warranted to test the utility of such assay in predicting graft

outcomes.

In conclusion, our findings confirm and further expand previous evidence
showing that measuring alloreactive Tmem before transplantation by d-sp
ELISPOT or PRT allows to predict relevant immune-mediated transplant
outcomes that would not be forecasted by current standard clinical and
immunological evaluations. Present findings do not support the use of IL15 in
the PRT assay, but further studies are needed to define its utility, especially in
patients not receiving calcineurin inhibitor immunosuppression. Our data set
the basis of prospective studies formally testing the hypothesis that tailoring
immunosuppression based on the joint use of d-sp ELISPOT and PRT

improves patients’ outcomes.
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TABLES

Table 1. Demographic and clinical characteristics of the study population

Number of subjects 168
Living Donor % 35 (20.8)
Donor Age yrs 57.7 (16.0)
Recipients
Age Yrs 56.2 (13.4)
Males % 108 (64.3)
Caucasian Race % 159 (94.6)
Dialysis vintage months 30.6 (6.9-44.9)
Primary Renal disease
Glomerular % 34 (20.2)
Vascular % 16 (9.5)
Tubulo-interstitial % 20 (11.9)
Diabetes % 20 (11.9)
ADPKD % 28.(16.7)
Others and unknown % 50 (29.8)
CIT (deceased donor) hours 19.1 (4.3)
HLA-I mm number 2.7 (2-3)
HLA-Il mm number 1.0 (1-1)
Re-transplant % 22 (13.1)
cPRA>5% % 12 (7.1)
Thymoglobulin % 41 (24.4)
Basiliximab % 109 (64.9)
Tacrolimus % 150 (89.3)
Cyclosporine % 18 (10.7)
Steroid withdrawal % 96 (57.1)
d-sp ELISPOT spots/3x10°PBMC  23.0 (6-65)
Median PRT spots/3x10°PBMC  18.1 (7.9-36.8)
Median IL-15 PRT spots/3x10°PBMC  26.4 (10.4-45.4)

Continuous variables are reported as mean (standard deviation) or median
(interquartile range), categorical variables as number (percentage). PRT,
Panel Reactive T-cell ELSPOT; d-sp ELISPOT, Donor-specific ELISPOT;
cPRA, calculated Panel Reactive Antibody; DSA, Donor-specific antibodies;
eGFR, estimated GFR (CKD-EPI formula). Median PRT and median
PRT+IL15, median number of spots against the six B-cell lines.



Table 2. Association between recipients’ pre-transplant characteristics and pre-transplant number of spots of each assay.

Difference in d-sp Difference in median
ELSPOT number of PRT
spots/3x10°PBMC number of
(95%ClI; P value) spots/3x10°PBMC

(95%CI; P value)

Difference in median
PRT+IL15 number of
spots/3x10°PBMC
(95%Cl; P value)

Age=60yrs vs <60yrs

Male vs female

Dialysis vintage=5yrs vs <5yrs
Glomerulonephritis vs

other primary renal diseases
Living vs deceased donor
Re-transplantation vs first transplant
cPRA > 5% per <5%
Thymoglobulin

Cyclosporine vs tacrolimus
Steroid withdrawal

+2 (-13 to +17; P=0.79)
+2 (-15 to +18; P=0.84)
-11 (-34 to +13; P=0.37)
+8 (-11 to +27; P=0.41)

22 to +13; P=0.60)
34 to +18; P=0.55)
-1 (-18 to +16; P=0.89)
-14 (-29 to +1; P=0.073)
-13 (-33 to +8; P=0.22)
-26 (-41 to -11; P=0.001)

-5 (-
-8 (-

+2 (-5 to +10; P=0.55)
+1 (-7 to +10; P=0.75)
+1 (-12 to +14; P=0.92)
+5 (-6 to +16; P=0.36)

+2 (-7 to +11; P=0.61)
+1 (-14 to +16; P=0.88)
-1 (-18 to +16; P=0.89)
-2 (-11 to +8; P=0.75)
+3 (-11 to +16; P=0.72)
+2 (-6 to +10; P=0.62)

+2 (-7 to +11; P=0.69)
+1 (-9 to +11; P=0.84)
+2 (-13 to +18; P=0.77)
+6 (-7 to +19; P=0.37)

+6 (-6 to +18; P=0.34)
-3 (-18 to +11; P=0.64)
-7 (-20 to +7; P=0.34)
-2 (-12 to +8; P=0.69)
+4 (-11 to +20; P=0.56)
+6 (-3 to +14; P=0.21)

Difference (95 percent confidence interval and P vale) of the number of spots of each pre-transplant assay between dichotomous
categories defined by pre-transplant recipients’ characteristics. 95%CI, 95 percent confidence interval; cPRA, calculated Panel-
Rective Antibody. Median PRT and median PRT+IL15, median number of spots against the six B-cell lines.



Table 3. Crude and adjusted Odds Ratio of BPAR associated with d-sp ELISPOT

Crude Analysis Adjusted Analysis, Model 1  Adjusted Analysis, Model 2
OR (95% CI; P value) OR (95% CI; P value) OR (95% CI; P value)

Positive vs negative d-sp ELISPOT

Whole population 4.87 (1.48-21.99; P=0.008) 3.70 (1.02-17.84; P=0.046) 4.20 (1.06-21.73; P=0.041)
Not receiving Thymoglobulin  6.56 (1.69-43.36; P=0.005) 5.32 (1.25-37.01; P=0.022) 7.87 (1.52-68.88; P=0.012)
Number of d-sp ELISPOTs
Whole population 1.91 (1.25-2.99; P=0.004) 1.75 (1.08-2.84; P=0.024) 1.79 (1.02-3.10; P=0.042)
Not receiving Thymoglobulin  1.95 (1.24-3.17; P=0.004) 1.81 (1.09-3.06; P=0.022) 1.89 (1.07-3.37; P=0.029)

OR, Odds, Ratio; 95%ClI, 95 percent Confidence Interval; BPAR, Biopsy-prove acute rejection; d-sp ELISPOT, donor-specific
ELISPOT

The Odds Ratio associated to the number of d-sp ELISPOT is expressed per one standard deviation unit increase (i.e. 50 spots/3x10°
PBMC)

Model 1, adjusted for recipient and donor age, Thymoglobulin induction (whole population only), and prednisone withdrawal

Model 2, adjusted for recipient and donor age, living (vs deceased) donor, cold ischemia time, Thymoglobulin induction (whole
population only), re-transplantation, pre-transplant HLA antibodies, HLA A/B AND HLA DR mismatch, glomerulonephritis as primary
renal disease, dialysis vintage, and prednisone withdrawal.



S1 Table. HLA typing of the six B cell lines used as stimulators in the PRT assay.

B cell A-1 A-2 B-1 B-2 C-1 C-2 DRB1 DRB1 DRB3 DQA1 DQA1 DQB1 DQB1

line -1 -2 -1 -2 -1 -2
B1 A*30 A*34 B*15 B*44 C*04 C*04 DRB1 DRB1 DRB3 DQA1 DQA1 DQB1 DQB1
(72) 11 *15:03 *02 *01 *05 *03:19  *06

(7)
B2 A03 A*03 B*44 B44 C'05 C*16 DRB1 DRB1 DRB3 DQA1 DQA1 DQB1 DQB1
*04 il *02 *03:01  *05 03 (7) *03(8)
B3 A02 A*30 B*18 B2 C'05 C*17 DRB1 DRB1 DRB3 DQA1 DQA1 DQB1 DQB1
*03 *15:03  *02 *01 *05:01  *02 *06
(17)
B4 A03 A*24 B*07 B*35 C'04 C*'07 DRB1 DRB1 DRB3 DQA1 DQA1 DQB1 DQB1
*07 Hs *03:01  *01 *02:01 *03(9) *06
B5 A*11  A*26 B*15 B*51 C'04 C*14 DRB1 DRB1 DRB3 DQA1 DQA1 DQB1 DQB1
(62) *03 *11 *02 *05 *05 *02 *03(7)
(17)
B6 A03 A*30 B*13 B*38 C'06 C*12 DRB1* DRB1* DRB3* DQA1 DQA1 DQB1 DQB1
07 13 01 *01 *02:01  *02 *06

HLA typing of the 6 B cell lines used as stimulators in the PRT+/- IL15 assay. Each allele is reported in a separate
column.
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INTRODUCTION

Despite reduction of acute cellular rejection (ACR) rates since the 1990s," 2 ACR continues
to affect long-term kidney allograft survival negatively.® 4 A few experienced centers perform
follow-up biopsies to assess efficacy of anti-rejection therapy, but this practice is impractical,
risky and therefore not done routinely in most transplant centers. Noninvasive monitoring
tools capable of rapidly assessing intragraft inflammation could guide therapeutic decision-
making following treatment for rejection and thereby potentially improve graft function and
patient health.

Urinary chemokines are among candidate biomarkers for detecting kidney allograft
inflammation.> ¢ CXCL9 is an interferon-gamma (IFNy)-induced, T cell chemoattractant
chemokine produced by monocyte/macrophages, endothelial cells and renal parenchymal
cells’. Results of single center studies®'* showed that measurements of urinary CXCL9
(UCXCL9) can differentiate ACR from most other causes of acute post-transplant kidney
dysfunction in the absence of infection. Findings from Clinical Trials in Organ
Transplantation (CTOT)-01 (NCT01974999), a prospective, multicenter, observational study
of 280 kidney transplant recipients (KTRs) showed that uCXCL9 (by ELISA) at a threshold
of >200 pg/ml, diagnosed ACR at the time of an acute elevation of serum creatinine
(negative predictive value, NPV:92%, positive predictive value, PPV:67%)."> Excluding
subjects with BK virus (BKV) or urinary tract infection (UTI) increased the PPV to >80%."?
In a follow-up tacrolimus withdrawal trial (CTOT-09, NCT01517984), serial ELISA uCXCL9
measurements detected ACR 3-30 days prior to clinical presentation.’® The 12-24 hour
requisite turn-around time for ELISAs is not ideal for “real-time” implementation of
therapeutic changes based on assay results. Herein we report an alternative, automated,

“point-of-care” uCXCL9 assay that can be performed in <1 hour. In addition to confirming



that this innovative technology can diagnose ACR noninvasively, we provide proof-of-
concept that serial uUCXCL9 measurements following therapy of ACR could be employed to

guide subsequent clinical decision-making.



MATERIALS AND METHODS

Samples and Patients

Aliquots of stored BKV-negative urine samples were obtained from 2 multi-center,
prospective, observational kidney transplant studies, CTOT-01'> and CTOT-08
(www.ctot.org, NCT01289717). These samples (n=86) were used to compare BLI| and

ELISA (Figure 1).

We also prospectively collected serial urine samples and clinical data from 46 kidney
transplant recipients with for cause biopsies followed at four institutions (Bellvitge University
Hospital, IDIBELL, UB, Barcelona, Spain, Mount Sinai Hospital, NY, NY, USA; Parma
University Hospital, Parma, Italy, S. Orsola University Hospital, Bologna, Italy). We also
analyzed urine from 10 BKV-negative subjects with stable serum creatinine and no intragraft
infiltrates at 6-month surveillance biopsies. Consenting subjects were enrolled at the time of
biopsy. The initial urine sample was obtained prior to the biopsy and prior to any anti-

rejection treatment.

Inclusion criterion was acute increase in serum creatinine >30%. Patients with pure antibody
mediated rejection’ as reported by the local pathologist were excluded.
Immunosuppression varied by site but generally included induction with anti-thymocyte
globulin (ATG) or anti-CD25 mAb and maintenance immunosuppression with a calcineurin
inhibitor, mycophenolic acid + corticosteroids. Therapeutic interventions were made at the
discretion of the site investigators and were not dictated by study. Therapy of ACR included
steroids, ATG, and/or intravenous immunoglobulin (IVIg). Serum creatinine values were
determined at each hospital laboratory and the information was collected from subjects’

hospital records. Surveillance studies for viral infections including BK polyoma virus were



performed according to local practice at each participating site. Bacterial (e.g. urinary) and
BK polyoma virus infections were routinely tested for in patients with acute renal allograft
dysfunction as per local standard of care. Included patients were negative for BK virus
infection. The enrollment and sample/data collection was performed following IRB approval

at each site. All patients signed informed consent.

Laboratory studies
Urine samples for chemokines were centrifuged at 2000g for 30min at 4C within 4 hours of

collection. The supernatant was divided into aliquots and frozen at -80C.

Urine ELISA for CXCL9
Frozen aliquots of urine supernatant were diluted (1:1) in 0.05% Tween-20/0.4% bovine
serum albumin in phosphate buffered saline, pH 7.2-7.4, and tested by ELISA for CXCL9

(R&D Systems, Minneapolis, MN) as reported 2 14,

Urine CXCL9 detection by Bio-layer Inferometry

Samples were run on OctetRED96 using Octet Data Acquisition software (8.2) and analyzed
using Data Analysis software (8.2), continually monitoring wavelength. Assays were
performed in black 96-well plates. All steps used a shake speed of 1000rpms unless
otherwise specified. All wells contained 200uL of fluid. Streptavidin-(SA) conjugated sensor
tips (Fortebio, cat #18-5019) were incubated in phosphate buffered saline (PBS), pH 7.2-
7.4 containing 0.025% Tween-20/0.4% bovine serum albumin (BSA) for 10 min. and then
incubated with 20ug/ml (in above buffer) biotinylated mouse anti human CXCL9 (clone B8-
11, BD Pharmingen) for 10 min. Following a 30 second wash the tips were exposed for 30
min to urine supernatants diluted 1:1 with PBS/Tween/BSA or to recombinant CXCL9

(62.5pg/mI-500pg/mL-, R&D Sys. cat#¥DY392) diluted in PBS/Tween/BSA to calculate a



standard curve. Urine samples obtained from healthy subjects (IRB approved collection of
urine from normal volunteers at Mount Sinai Hospital) served as a negative control.
Following an additional 30 second wash, the sensor tips were exposed to HRP-conjugated
anti-human CXCL9 clone B8-6 (5 ug/ml in PBS/Tween/BSA for 15 min. The tips were
washed in stable peroxide buffer (DAB substrate kit, Thermo, cat #PI1-34065) for 30 seconds
on a shaker at 200rpms and then exposed to metal enhanced DAB diluted into peroxide

buffer for 15 min.

Statistical methods

Data are summarized using descriptive statistics for categorical (counts/percentages) and
continuous (mean and standard deviations) variables. To assess the agreement between
BLI and standard ELISA measurements of CXCL9, we used the Lin’s concordance
correlation coefficient (the concordance correlation coefficient combines measures of both
precision and accuracy to determine how far the observed data deviate from the line of
perfect concordance) and Bland and Altman's 95% limits-of-agreement in urine samples
from 86 kidney transplant patients with various biopsy diagnoses. Bland-Altman’s 95% limits
of agreement were additionally computed after exclusion of values of CXCL9 above
500pg/mL, because close agreement between BLI and ELISA with respect to such large
CXCL9 values is not relevant for the purpose of clinical decisions making. The intra-plate
assay coefficient of variation (%CV) was calculated based on the wavelength shift for
samples of recombinant CXCL9 diluted in both PBS/Tween/BSA and urine from healthy
subjects, four replicates (n=4) for each dilution on the same plate. The average of the %CVs
at each dilution is reported as the intra-assay %CV. The inter-plate %CV is calculated based
on the mean %CV of the different dilutions, with four replicates on one plate, repeated three

times over a period of one week. Differences in CXCL9 values were analyzed by Mann-



Whitney test (Prism, GraphPad software, La Jolla CA) . A two-tailed p-value <0.05 was

considered to be statistically significant.



RESULTS

To shorten the time required to detect uUCXCL9, we used Bio-Layer Interferometry (BLI), a
methodology in which binding of a ligand to a fiber optic sensor tip induces a real time,
detectable wavelength shift in the returning beam of light (AA) that correlates with the
quantity of bound ligand'®. BLI has been used to screen monoclonal antibody (mAb) binding
affinities among other indications'. We adapted the technology to detect CXCL9 (Figure
1A) by attaching an anti-CXCL9 mAb to commercially available sensor tips, exposing the
tips to CXCL9 and amplifying the signal with a second, horseradish peroxidase (HRP)-
conjugated anti-CXCL9 mAb followed by addition of a metal-enhanced, HRP substrate.
Using pre-coated sensor tips, the assay can be completed in <1 hour (Figure 1A). We
measured CXCL9 by ELISA and BLI in 86 urinary samples from patients with various biopsy
diagnoses.

A Bland-Altman plot (Figure 1B) analysis showed good agreement between the two assays
for values below 500pg/ml, the average difference between ELISA and BLI being -66pg/mL
(standard deviation 41) and the 95% limits of agreement being -147 to +14pg/mL. Depiction
of the same data using a scatter plot comparison of ELISA and BLI results (Figure 1C)
showed a Lin’s concordance correlation coefficient 0.78, BLI is more sensitive than ELISA),

and a 100% concordance of positive vs. negative results based on the threshold of 200

pg/ml.

Specificity controls using independent samples showed that the BLI CXCL9 assay does not
cross-react with CXCL10 (Figure 1D). BLI has the same limit of sensitivity as reported for
commercial ELISAs (~35 pg/ml, see data sheet, R&D catalogue #DY392) with intra- and

inter-plate CVs <5% and <12%, respectively (not shown).

Figure 1.
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Figure 1. Bio-layer Interferometry rapidly detects uCXCL9. A. Schematic representation of assay (top) with
primary readout depicting light wave length shift with each step (Y axis) over time (X axis) using 62.5-1000
pg/ml of recombinant CXCL9 (each colored line is a different concentration) as a standard curve. B. Bland-
Altman plot of CXLC9 as measured by standard ELISA vs. BLI. The X-axis is on a logarithm scale to allow
visualization of the numerical range close to the positivity threshold of the assays (i.e., 200pg/mL). Symbols
represent different diagnoses (see legend in the plot region; AAMR: acute antibody mediated rejection, CAMR:
chronic antibody mediated rejection, ACR: acute cellular rejection, CCR, chronic cellular rejection). Horizontal
dashed lines represent the mean difference of ELISA and BLI results, horizontal solid lines represent the 95%
limits of agreement, which are defined as the mean difference plus and minus 1.96 times the standard deviation

of the differences. Red lines include all the data points; blue lines are drawn after exclusion of mean values



>500pg/mL. The numeric values of the limits of agreement are reported above or below the respective lines.
C. Scatter plot of CXCL9 results as performed by ELISA vs. BLI (logarithm scale). The solid line passing
through the origin with a 45 degrees angle represents the line of perfect concordance between ELISA and BLI.
Dashed lines passing through 200pg/mL divide the plot into four quadrants. Note that all results lie in the lower
left quadrant or in the upper right quadrant, both representing areas of agreement between the two methods.
Points within the upper left quadrant would represent instances where BLI results are positive (i.e >200pg/mL)
but standard ELISAs are negative (i.e. <200pg/L), while points within the lower right quadrant would represent
instances where BLI results are negative and ELISA results are positive (note there are no points in either of
these 2 quadrants). D. BLI-ELISA for CXCL9 does not detect recombinant CXCL10. Each bar is mean of 3
replicate values; p values show reflect unpaired t-tests. Assay was repeated with similar results. Statistical

comparisons performed by t-test.

We then measured uCXCL9 by BLI in a different set of samples obtained from 56 BKV-
negative KTRs. This new set included 22 samples from subjects with a >30% increase
serum creatinine and biopsy-proven ACR >Banff 1A (Table 1). Urinary CXCL9 was >200
pg/ml in all of these samples (Figure 2). In contrast, uCXCL9 was <100 pg/ml (p<0.01 vs.
ACR) in urine samples from 10 BKV-negative KTRs with stable serum creatinine and a
normal 6-month surveillance biopsy (Table 1 and Figure 2). Urine CXCL9 values in samples
from BKV-negative subjects (n=9) with an acute rise in serum creatinine due to calcineurin
inhibitor toxicity and/or volume depletion, but without mononuclear cell infiltrates, were all
100-200 pg/ml (p<0.01 vs. ACR or vs. normal, Figure 2). CXCL9 measurements in
prospectively collected urine from BKV-negative subjects with for-cause biopsies showing
biopsy-proven borderline rejection (n=15 Table 1) were higher than those biopsies without

infiltrates (p<0.01, Figure 2); 7/15 contained >200 pg/ml CXCL9 and 8 showed <200 pg/ml

(Fig 2).

Figure 2.
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Figure 2. BLI uCXCL9 detects intragraft infiltrates in kidney transplant recipients. We analyzed 56 samples
from kidney transplant recipients with surveillance (empty circles, n=10) or for-cause (full circles; >30%
increase in serum creatinine) biopsies . Subjects are stratified according to the presence of stable graft function
and no graft infiltrates (in surveillance biopsies, n=10), or acute graft dysfunction and no graft infiltrates (n=9),
borderline rejection (n=15), or acute cellular rejection (ACR) (in for-cause biopsies, n=22). Dotted red line is
drawn at the 200 pg/ml threshold for CXCL9 positivity. Horizontal black lines are drawn at the median value

for each group. Statistical comparison performed by Mann-Whitney test. *p<0.05; **p<0.01.

We additionally collected and analyzed serial urine samples from 6 BKV-negative KTRs with
ACR before and after anti-rejection therapy, and who had follow-up biopsies as part of

clinical care. The summarized results from one representative subject at 20 days after



transplant are depicted in Fig 3. The subject’s baseline serum creatinine was 1.0 mg/dl and
increased to 7.2 mg/dl coincident with an episode of biopsy-proven acute cellular rejection.
Steroid pulses reduced serum creatinine levels to <2 mg/dl, but follow-up biopsies on d7
and d28 after the initial diagnostic biopsy showed intragraft infiltrates associated with

persistently elevated levels of uCXCLO9.
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Figure 3. Persistently elevated uCXCL9 after treatment for ACR detects subclinical intragraft infiltrates despite

a progressive decline in serum creatinine. A. Clinical course depicting changes in serum creatinine and



uCXCL9 (day 0 is the date of the biopsy, 20 days posttransplant). Colored horizontal bars depict time during
which each drug was administered (key: upper right panel A). Blue star represents the nadir serum creatinine
within the initial 6 mo posttransplant. Red dashed line is drawn at the 200 pg/ml threshold for CXCL9 positivity.
B-D. Representative PAS stained sections of biopsy 1 (Bx1), 2 (Bx2), and 3 (Bx3) depicted in panel A showing
areas of mononuclear cell infiltration in each biopsy. E. Quantitative Banff scores as read by the local

pathologist for the 3 biopsies.

In 2 additional subjects (Fig 4A-B), anti-rejection therapy resulted in uCXCL9 <200 pg/mi
and absence of mononuclear infiltrates in follow-up biopsies. In 3 cases (Fig 4B-E),
persistent uCXCL9 >200 pg/ml despite therapy for ACR was associated with intragraft

infiltrates regardless of changes in serum creatinine.

Figure 4.



A Bx1 C

25000 4 Vg _5  1000- -5 12000 -14
. 6500 K

e Mo Lo - :z

3 *Nadir Creatinine| 1 |, 1000

10000 3 o Bx2 800
B2l 4001 \ tF2 600

200
| [ 400
100 S: Y = =y L™
0 | o 0 o Lo 0

1 1 L] L] 1 1 T T T L}
e 0 10 20 30 40 50238 0 5 10 15 20 489
TE' Days from Rejection
B Banff Score ]
o g i t vptccg ci ct cvahcédd g i t vptccg ci ct cvahcdd
; Bx1 23120 00001 0 Bx1 02200 00O0O0O0 O gx
=1 Bx2 00000 000000 Bx2 01100 001000 X
o]
X
oD E
Bx1
40000-Bx1 -8 8000 ] Bxal®
30000 4 7°°°1 1
Bx2 L6 6000 -4
20000 ! 5 1288" .
10000 2 o -,
2000 -3 i =
400 -2 1
200_[]* =1 200
0 L 0 0 T L : hﬂ_l"o

T T T T T L T T
0 10 20 30 40 50 60 70 80 90

g i t vptccg ci ct cvahcad g i t vptccg ci ct cvahcadd
Bx1 02101 011010 Bx1 03312001010
Bx2 02200 022310 Bx2 01100 022310
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DISCUSSION

We demonstrate that BLI and ELISA can similarly detect uCXCL9, but BLI is considerably
faster and largely automated. These advantages could permit implementing BLI-based
uCXLC9 testing in a clinical transplant practice. While BLI methods are straightforward, the
currently available detection device has a complex and expensive interface designed for
broader use. Nonetheless, modifications could simplify the interface lower costs to

accommodate practicing physicians.

We show that in BKV-negative KTRs with acute graft dysfunction, BLI-measured uCXCL9
>200 pg/ml detected Banff grade >1A ACR. Approximately 50% of subjects with
borderline/suspicious rejection also had uCXCL9 >200 pg/ml with the remainder falling in
the normal range. As a) histological diagnoses in kidney transplantation are subject to
sampling bias and inter-reader variation and b) the significance of borderline rejection
remains controversial,’” '8 one testable hypothesis arising from these observations is that
elevated uCXCL9 measurements are better indicators of ongoing pathological inflammation
than serum creatinine or histological evidence of suspicious/borderline rejection. While UTI
and BKV increase uCXCL9, routine BKV monitoring and urinalysis together with rapid
CXCL9 diagnostics could guide clinical decision-making noninvasively, a hypothesis that is

also testable.

We acknowledge that none of the tested subjects in this series had pure antibody mediated
rejection (ABMR). Other groups have shown associations between ABMR and the
chemokine CXCL10 (in the absence of CXCL9).'% " Pilot studies indicate that we can detect
CXCL10 by an analogous BLI-based ELISA (not shown), providing feasibility for potentially

incorporating both CXCL9 and CXCL10 measurements into clinical care.



We also provide evidence that serial uCXCL9 monitoring after initiating treatment for ACR
could be diagnostically informative. In our limited analysis of KTRs with clinically indicated
follow-up biopsies, continuous elevation of uUCXCL9 detected persistent intragraft cellular
infiltrates regardless of serum creatinine. We acknowledge the small numbers of subjects,
the inconsistent numbers and timing of biopsies, and the descriptive nature of this case
study precludes reaching definitive conclusions regarding the utility of BLI uCXCL9 to guide
post-treatment decision making in KTRs with rejection. Nonetheless, these proof-of-concept
results provide a foundation to support future controlled studies to test the hypothesis that
inclusion of “real-time” BLI uCXCL9 measurements will lower the need for follow-up
biopsies, guide decisions to continue/alter anti-rejection therapy and consequently, improve

patient outcomes.
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Table 1. Baseline demographic and clinical characteristics of study subjects.

Characteristics Overall No Infiltrates* No Infiltrates Borderline ACR
(n=56) (n=10) (n=9) (n=15) (n=22)
Donors
Deceased; n (%) 30 (53.6) 2 (20.0) 5 (55.6) 11 (73.3) 12 (54.6)
Male; n (%) 22 (39.3) 3(30.0) 2 (22.2) 6 (40.0) 11 (50.0)
Age (years) 37.5+15.6 349+11.5 329+15.2 41.0+149 383+185
Race
Black or African American; n (%) 10 (17.9) 3 (30.0) 3(33.0) 2 (13.3) 2(9.1)
Other race; n (%) 27 (48.2) 5 (50.0) 5 (55.6) 9 (60.0) 8 (36.4)
Unknown or not reported; n (%) 19 (33.9) 2 (20.0) 1(11.1) 4 (26.7) 12 (54.5)
Recipients
Male; n (%) 42 (75.0) 6 (60.0) 6 (66.7) 12 (80.0) 18 (81.8)
Age (years) 454 +18.3 456 +9.8 458 £ 21.7 471+£19.7 440+19.8
Race
Black or African American; n (%) 19 (33.9) 5 (50.0) 2 (22.2) 5(33.3) 7 (31.8)
Other race; n (%) 27 (48.2) 5 (50.0) 2 (22.2) 8 (563.3) 12 (54.5)
Unknown or not reported; n (%) 10 (17.9) 0 (0.0) 5 (55.6) 2 (13.3) 3(13.6)
Induction
Yes 52 (92.9) 8 (80.0) 8 (88.9) 15 (100.0) 21 (95.5)
No 4(7.1) 2 (20.0) 1(11.1) 0 (0.0) 1(4.5)
Time after transplant** 183 191 167 125 120
(70-211) (186-197) (79-211) (28-190) (76-597)

Variables are expressed as mean + SD, median (IQR), or absolute number (percentage). *Patients with stable graft
function who underwent surveillance biopsies. All the other patients received a biopsy for cause (serum creatinine
increase >30%). **Days from transplant to the date of first graft biopsy.
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Post-transplant non-invasive diagnosis of urothelial cancer:
The role of p16 immunohistochemistry on urinary cytology for non-invasive
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Introduction

Kidney transplant recipients are at increased risk for urothelial cancer compared to the
general population'. This phenomenon can be related to increased incidence of classical

urothelial risk factors (i.e. smoking) that can be found in the chronic kidney disease



population, previous treatment with urothelial toxic drugs (i.e. cyclophosphamide) and
reduced immune surveillance. Recent studies hypothesized the potential role of BKV in the
genesis of urothelial cancer in these patients 2-°.

BKV is a single strain DNA polyomavirus firstly isolated in 1971 in a kidney transplant
recipient with ureteral stenosis®.

The viral genome is divided in 3 regions: early genes, late genes, and non-coding genes.
The early genes, large and small t-antigen (T-Ag and t-Ag), are crucial for the viral DNA
replication, late genes are coding for capsid protein (VP1-3) while non-coding regions are
regulating gene transcription’.

BKV infects asymptomatically most (80-90%) of the human population during childhood
through oral or respiratory transmission® and subsequently remains lifelong latent in the
epithelium of the urinary tract®. In the context of a kidney transplantation, BKV can reactivate
following immunosuppression in previously asymptomatic infected patients or transmitted
with the graft 1011,

BKYV reactivation can be detected as urinary viral DNA in up to one third of kidney transplant
recipients under current standard immunosuppression, it is generally asymptomatic, and it
is related to the immunosuppressive burden, with the highest incidence within the first 3-6
months after transplantation’?13.

Persistent high levels of urothelial viral reactivation are associated with an increased risk of
ascending infection in the renal tubules of the renal graft, leading to polyomavirus associated
nephropathy (PVAN), afflicting 3% to 10% of renal transplant recipients'4-6.

PVAN is characterized by viral cytopathic alterations of the renal tubular cells and secondary
interstitial inflammation and tubulitis, leading to graft loss in half of the cases'”'°. The
shedding of altered tubular or urothelial cells, with increased nucleus/cytoplasmatic ratio

and basophilic nuclear inclusion, can be found in the urine as a marker of BKV infection?°.



These cells are called ‘decoy cells’ for their resemblance to cancer cells, and for decades
the concomitant positivity of BKV-DNA in wurine and plasma or the positive
immunohistochemistry for BKV T-Ag in those cells have been used in the differential
diagnosis from urothelial cancers in kidney transplant recipients?’.

However recent animal models demonstrated a potential oncogenic role of BKV through the
interaction between viral large and small T-antigen and various oncogenes (p53 and pRB)
with subsequent deregulation of cell cycle, transition to S phase and increased risk of
mutations accumulation0-22-24,

The role of BKV in human cancer is still controversial?>-?7,28 however more and more studies
reported renal and urothelial cancer that stains positive for T-Ag supporting the hypothesis
of a potential oncogenic role for this virus also in humanbeings?®. Some authors argued that
BKV could infect the whole urothelium, cancer included, without having a role into the
oncogenic pathway?8. Although some recent papers showed that the surrounding urothelium
stained positive for both T-Ag and structural viral protein, VP1, while the urothelial cancer
stained positive only for T-Ag, suggesting a loss of permissive infection in the mutated
cells?®-31. Moreover, these cancer cells stained positive for oncosuppressor p16, as a marker
of pRB inactivation, similar to what happen in the oncogenesis of cervical cancer, induced
by another Polyomavirus, the Human Papillomavirus (HPV)%. In this context the p16
staining is currently used on cervical cytology in order to increase the negative predictive
value of Papanicolau-test in the context of high-risk HPV genotypes®:.

Starting from the evidence of a p16 staining in BKV-positive urothelial cancers, our
Pathology Department started to apply the same cytology technique of the cervical cytology
to urinary cytology in the context of BKV-decoy cells since 2014 in order to differentiate BKV-
infection from urothelial cancer cells.

The first aim of the study is to analyze the prevalence of urothelial cancer in our population

and correlate it with the prevalence of BKV infection, the second aim of the study is to



investigate the sensitivity and specificity of immunohistochemistry p16 in the diagnosis of

urothelial cancer in the context of BKV infection in kidney transplant recipients.

Methods

This is a single center retrospective study conducted at the Nephrology Unit of the University
Hospital of Parma, Italy. The study was approved by the local Ethical Committee and in
accordance with the current guidelines of the World Medical Association (revised
Declaration of Helsinki).

The Study Population

We included all adult patients who underwent a kidney transplant at the Kidney and
Pancreas Transplantation Nephrology Unit, University of Parma, Italy, between 30-11-2010
and 30-03-2020, and who consent to participate this retrospective study.

The study included all kidney transplant recipients who develop a BKV infection after
transplant with at least one urinary cytology analyzed for BKV and p16 staining.

Clinical data

Clinical data were extracted from electronical and paper clinical charts to collect the following
parameters: sex, age, native nephropathy, transplant vintage, dialysis vintage, type of
transplant, type of donor, immunosuppressive therapy, delayed graft function. Data on
regular follow-up visits (at 14 days, 1, 2, 3, 6, 12, 18 months and yearly thereafter): incidence
of rejection, urinary tract infections, cytomegalovirus (CMV) infection, BKV-DNA on urine,
plasma and blood, s-creatinine, urinary sediment and urinary cytology with BKV and p16
staining (in case of BKV positivity), cystoscopy examinations and diagnosis of urothelial

cancer.



Statistical analysis

The study population have been analyzed through descriptive statistics for categorical
variables: absolute, relative and cumulative frequencies. Pearson-Chi square for categorical

variables and unpaired T-test was used to analyze the data.



Results
The study population

The study included 147 kidney transplant recipients followed at the Kidney and Pancreas
Transplantation Nephrology Unit, University of Parma, Italy,

The patients characteristics are reported in Table 1: 71% of the patients were male with a
mean age of 55 +13 years. 89% received a cadaveric donor transplant, the incidence of
delayed graft function of 18%. Native nephropathy was Autosomal Dominant Polycystic
Kidney Disease (ADPKD) in 16% of the patients, hypertensive nephropathy in 5%, diabetic
nephropathy in 6%, IgA Nephropathy in 6%. 70% received basiliximab as induction therapy,
while almost all of the patients (99%) received the triple immunosuppressive therapy based
on tacrolimus, mycophenolate mofetil and steroids as maintenance therapy.

The prevalence of urothelial cancer in the study population was 3.4%: 4 patients were

diagnosed with bladder cancer and one patient with distal ureteral cancer.
BKYV and urinary cancer

In line with the current literature, the prevalence of BKV detection on urine was 35%, while

15% of the patients had BKV-DNA detected on plasma and 14% on blood (Figure 1).

Figure 1. BKV-DNA positivity on different biological samples.
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Figure 1. BKV-DNA was detected in 35% of the patients on urine, 15% on plasma and 14% on blood samples.

CMV replication was detected in 15% of the patient population.
The patients with diagnosis of urothelial cancer had a more persistent BKV infection,
expressed as number of positive urinary detection at follow-up visits, compared to the

patients who did not develop urothelial cancer (p=0.0001) (Figure 2).

Figure 2. Number of urinary BKV-DNA detections according to the diagnosis of

urothelial cancer.
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Figure 2. The patients with the diagnosis of urothelial cancer had increased number of BKV-DNA urinary

detections at follow-up visits, when compared to the patients who did not develop urothelial cancer. ** p=0.0001

The patients with diagnosis of urothelial cancer had a higher prevalence of BKV-DNA
plasmatic detection, when compared to the patients who did not develop urothelial cancer

(p=0.002) (Figure 3).

Figure 3. Percentage of patients with BKV-DNA detection on plasma samples

according to the diagnosis of urothelial cancer
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Figure 3. The patients with diagnosis of urothelial cancer had a higher prevalence of BKV-DNA plasmatic

detection, when compared to the patients who did not developed urothelial cancer (p=0.002)

No difference was detected in the incidence of CMV infection between patients with
diagnosis of urothelial cancer when compared to the patients who did not develop urothelial

cancer (Figure 4).

Figure 4. Prevalence of CMV positivity according to the diagnosis of urothelial cancer.
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Figure 4. No difference was detected in the prevalence of CMV replication (pp65 positivity on peripheral

leukocytes) according to the diagnosis of urothelial cancer (p=ns).

Non-invasive techniques for the diagnosis of urothelial cancer during BKV infection

4 over 5 patients with diagnosis of urothelial cancer stained positive for BKV and p16
immunohistochemistry both on cancer tissue and urinary sediment (Figure 5).
Figure 5 — Urinary cytology and urothelial cancer pathology with BKV and p16

immunohistochemistry .



A urinary cytology, 100X: immunohistochemistry for BKV TAg. B urinary cytology, 100X: positive and negative
immunohistochemistry for p16 on urothelial cells. C,D immunohistochemistry on bladder tissue, 10X: positive
BKV-Tag and p16 on urothelial cancer, negative surrounding urothelium E colocalization of dual
immunohistochemistry on bladder tissue, 100X: nuclear staining for BKV TAg and cytoplasmic staining for p16
in both epithelial and mesenchymal component of a sarcomatoid bladder cancer. F electronic microscopy on

bladder tissue: 40 nm viral particles inside the cancer cells.



Urinary BKV-DNA detection had the highest sensitivity (100%), but poor specificity (66%)
for urothelial cancer in the context of BKV infection. Urinary cytology had both poor
sensitivity and specificity, while the combination of urinary BKV-DNA detection and
immunohistochemistry for p16 on urinary cytology allowed to reach a specificity of 99% for

the diagnosis of urothelial cancer in this context. (Table 2).



Discussion

During BKV infection the non-invasive diagnosis of urothelial cancer can be difficult because
of the presence of BKV-induced cytopathic alteration on ‘decoy cells’. These cells have been
considered a reassuring finding for many decades, however recent studies supporting an
oncogenic role of BKV in the urothelial cancer, have pushed the whole transplant community
to a more invasive approach for urothelial cancer monitoring in the context of BKV infection,
with some centers performing follow-up cystoscopies in one third of the kidney transplant
recipients.

Starting from our BKV-positive urothelial cancers that stained positive per BKV Tag and p16
oncosuppressor gene, our Pathology Laboratory started performing p16
immunohistochemistry on urinary citology since 2014. This approach has been used in the
context of another Polyomavirus, for the non-invasive diagnosis of high-risk genotype HPV-
induced cervical cancer in which the conventional Papanicolau-test has been implemented
with p16 immunohistochemistry.

In our retrospective study we found that patients with diagnosis of urothelial cancer had a
BKV persistent infection with increased viral replication (higher plasmatic detection)
compared to the patients who did not develop urothelial cancer. Some could argue that BKV
infection could be a marker of excessive immunosuppression, for this reason we analyzed
the incidence of CMV reactivation in these patients and we found no difference between the
patients with or without urothelial cancer, suggesting a specific oncogenic role for BKV.
We further analyzed the sensitivity and specificity of different non-invasive techniques for
the diagnosis of urothelial cancer in the context of BKV infection and we found that the best
results were reported from the concomitant use of BKV-DNA urinary detection and p16
immunohistochemistry on urinary cytology.

The main limitations of our study are the limited number of patients with urothelial cancer in

the context of BKV infection and the retrospective nature of the study. For this reason, we



hope for larger multicentric prospective studies to confirm our initial findings. If these results
will be confirmed the transplant community will have an easy, cheap, repeatable non-
invasive biomarker for the early diagnosis of urothelial cancer in kidney transplant recipients

also in the context of BKV infection.
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TABLES

Table 1. The population characteristics

Patients (nr)

Age, years

Sex, male

Dialysis vintage, years

Native nephropathy

Delayed graft function

Donor

Induction Therapy

Maintenance therapy

ADPKD

Diabetic nephropathy

IgA Nephropathy
Hypertensive Nephropathy
Interstitial Nephropathy
Chronic glomerulonephritis

Other

Cadaveric

Living

Basiliximab

Thymoglobuline

Tacrolimus

Mycophenolate Mofetil

147
55.04 +/- 13.65
105 (71.43%)

4.68 +/- 3.63

24 (16.32%)
9 (6.12%)

8 (5.44%)
13 (8.84%)
7 (4.76%)

4 (4.08%)
82 (55.78%)

27 (18.37%)

131 (89.12%)

18 (12.45%)

102 (69.39%)

43 (29.25%)

146 (99.32%)

144 (97.96%)



MTOR-inhibitors 2 (1.36%)

steroids 146 (99.32%)

Categorical variables are expressed as mean+/- standard deviation, non-categorical variables are expressed
as number and percentage. ADPKD, Autosomic Dominal Polyccystic Kidney Disease; mTOR, mammalian

Target Of Rapamycin.

Table 2. Sensitivity and specificity for the diagnosis of urothelial cancer

Non-invasive Technique sensitivity  specificity
Urinary BKV-DNA 100% 66%
Plasmatic BKV-DNA 100% 79%
Blood BKV-DNA 80% 79%
Conventional Urinary Cytology 66% 79%
Urinary Cytology + BKYV staining 80% 79%
Urinary Cytology + p16 staining 80% 96%
Urinary Cytology + p16 staining+ Urinary BKV-DNA 80% 99%

Table 2. Urinary BKV-DNA detection is characterized by the highest sensitivity (100%) and lowest specificity.
The conventional urinary cytology has both suboptimal sensitivity and specificity in this context.
While the association between p16 staining on urinary cytology and BKV-DNA urinary detection increases

the specificity for urothelial cancer up to 99%.



CHAPTER

GENERAL DISCUSSION AND FUTURE PROSPECTIVES

Kidney transplantation is the treatment of choice for end-stage renal disease, however in
order to avoid rejection, kidney transplant recipients should undergo a lifelong
immunosuppression with subsequent increased risk of infections and cancers.

It is therefore crucial to find biomarkers that are able to stratify the patients according to their
risk of developing rejection in order to minimize the therapy as much as possible in the low-
risk group and tailored the immunosuppression in the high-risk population.

The ideal biomarker should be cheap, quick, and available at the time of the transplant to
assess the appropriate therapy for every patient but also it should be easily repeatable after
transplant to follow up the immunological status and avoid graft biopsies and other invasive
tests.

While the detection of anti-HLA alloantibodies had been a milestone for the non-invasive
diagnosis of antibody-mediated rejection, non-invasive biomarker to stratify patients at risk
for T cell-mediated rejection are lacking.

The findings of my first study confirm and further expand previous evidence showing that

measuring alloreactive memory T cells before transplantation by donor-specific ELISPOT or



PRT allows to predict relevant immune-mediated transplant outcomes that would not be
forecasted by current standard clinical and immunological evaluations. In fact, while positive
donor-specific ELISPOT identifies patients at increased risk of acute rejection after
transplantation, high pre-transplant PRT display significant graft function loss over a 4-year
follow-up period. Our data set the basis of prospective studies formally testing the
hypothesis that tailoring immunosuppression based on the joint use of donor-specific

ELISPOT and PRT improves patients’ outcomes.

The gold standard for TCMR diagnosis after kidney transplantation is the pathological
evaluation of kidney biopsy. This procedure is, however, invasive, and poorly repeatable.
Noninvasive monitoring tools capable of rapidly assessing intragraft inflammation could help
early diagnosing and treating rejection, thereby potentially improve graft function and patient
health. Urinary chemokines, like CXCL9, are among candidate biomarkers for detecting
kidney allograft inflammation. CXCL9 is an interferon-gamma-induced, T cell
chemoattractant chemokine produced by monocyte/macrophages, endothelial cells and
renal parenchymal cells. Previous studies, showed an association between elevated urinary
CXCL9 levels and the diagnosis of TCMR, with serial ELISA urinary CXCL9 measurements
detected up to 30 days prior to clinical presentation of rejection, emphasizing the potential
role of this non-invasive biomarker in the early diagnosis of rejection.

One of the major obstacle for “real-time” implementation of therapeutic changes based on
uCXCL9 is the 12-24 hour requisite turn-around time for ELISA tests.

We demonstrated that biolayer interferometry can detect urinary CXCL9 similarly to ELISA,
but through a faster and largely automated assay. These advantages could permit

implementing BLI-based uCXLC9 testing in a clinical transplant practice.

We also provide evidence that serial uCXCL9 monitoring after initiating treatment for ACR

could be diagnostically informative. In our limited analysis of KTRs with clinically indicated



follow-up biopsies, continuous elevation of uUCXCL9 detected persistent intragraft cellular
infiltrates regardless of serum creatinine. We acknowledge the small numbers of subjects,
the inconsistent numbers and timing of biopsies, and the descriptive nature of this case
study precludes reaching definitive conclusions regarding the utility of BLI uCXCL9 to guide
post-treatment decision making in KTRs with rejection. Nonetheless, these proof-of-concept
results provide a foundation to support future controlled studies to test the hypothesis that
inclusion of “real-time” BLI uCXCL9 measurements will lower the need for follow-up
biopsies, guide decisions to continue/alter anti-rejection therapy and consequently, improve

patient outcomes.

The last chapter of my thesis is dealing with another clinical dilemma in kidney
transplantation: the non-invasive diagnosis of urothelial cancer in the context of BKV virus
infection in kidney transplant recipients.

BKV is a polyomavirus that can often reactivate in immunosuppressed individuals and can
be responsible for cytopathic alteration of the urinary tract in up to one third of the kidney
transplant recipients. This condition strongly limits the sensitivity and specificity of urinary
cytology for non-invasive diagnosis of urothelial cancer in the context of a high-risk
population. Moreover, recent studies suggested a role of BKV in altering cell cycle, through
p16 and p53 oncogene dysregulation, and potentially inducing urothelial cancer in human
and animal models. For this reason, many transplant centers are performing periodically
invasive monitoring through cystoscopy these patients.

Starting from our BKV-positive urothelial cancers that stained positive per BKV Tag and p16
oncosuppressor gene, our Pathology Laboratory started performing p16
immunohistochemistry on urinary citology since 2014. This approach has been used in the

context of another Polyomavirus, for the non-invasive diagnosis of high-risk genotype HPV-



induced cervical cancer in which the conventional Papanicolau-test has been implemented
with p16 immunohistochemistry.

In our retrospective study we found that patients with diagnosis of urothelial cancer had a
BKV persistent infection with increased viral replication (higher plasmatic detection)
compared to the patients who did not develop urothelial cancer. Some could argue that BKV
infection could be a marker of excessive immunosuppression, for this reason we analyzed
the incidence of CMV reactivation in these patients and we found no difference between the
patients with or without urothelial cancer, suggesting a specific oncogenic role for BKV.
We further analyzed the sensitivity and specificity of different non-invasive techniques for
the diagnosis of urothelial cancer in the context of BKV infection and we found that the best
results were reported from the concomitant use of BKV-DNA urinary detection and p16
immunohistochemistry on urinary cytology.

The main limitations of our study are the limited number of patients with urothelial cancer in
the context of BKV infection and the retrospective nature of the study. For this reason, we
hope for larger multicentric prospective studies to confirm our initial findings. If these results
will be confirmed the transplant community will have an easy, cheap, repeatable non-
invasive biomarker for the early diagnosis of urothelial cancer in kidney transplant recipients

also in the context of BKV infection.






