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Abstract

BK virus-related hemorrhagic cystitis is one of the major complications of hematopoietic stem cell transplantation.
Because an immune reconstitution pattern of disease has been proposed as alternative pathogenetic model, in this
study we focused on the link between BKV specific immune responses in the HSCT donor and the development
of HC in paediatric HSCT recipients. We evaluated the frequency of IFN-y-producing cells, by means of Elispot
assay and flow cytometric measurement of T-cells CD8+/INFy+, and specific cytotoxicity, in samples obtained from a
cohort of 30 HLA-matched unrelated or haploidentical stem cell donors, divided into three groups, according to BKV
positivity in urine and development of HC in recipients. We found that HSCT donors whose recipients developed HC
have lower, though not statistically significant, levels of BKV-specific T cells, as compared with donors of recipient
with isolated BK-viruria or without viruria. Although we cannot rule out that in some cases also immune reconstitution
could play a role in the pathogenesis of HC, our preliminary data suggest that BKV-related HC may be related to
low donor BKV-specific cytotoxic T cell transfer, perhaps coupled with impairment in BKV-specific T cell expansion

posttransplant.
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Introduction

Hemorrhagic cystitis (HC) is one of the major complications of
hematopoietic stem cell transplantation (HSCT), causing significant
morbidity and prolonged hospitalization. Clinical manifestations of HC
may vary from microscopic hematuria to severe bladder hemorrhage
leading to clot retention and renal failure. The overall incidence of HC
in the HSCT setting has been reported to range between 7% and 68%
[1-4].

Based on the temporal relationship to donor stem cell engraftment,
HC can be divided into two subtypes: pre-engraftment HC that
occurs during or shortly after high-dose chemotherapy as part of
the conditioning regimen and is related to cyclophosphamide (CY)
toxicity, and post-engraftment HC which is mainly attributed to viral
infections [5]. Polyomavirus BK (BKV) is the pathogen most frequently
associated with post-engraftment HC, although also adenovirus- and
cytomegalovirus (CMV) may represent causative agents [6-12].

BKV is a non-encapsulated, double-stranded DNA virus that is
highly prevalent in healthy adults, with reported seroprevalence rates
reaching 90% [8]. Transmission is believed to occur via the respiratory
tract, especially during early-childhood. After primary infection, which
is usually asymptomatic or associated with mild upper respiratory tract
symptoms, BKV remains quiescent in renal tubular epithelial cells and
the urothelial cell layer, and may reactivate when a natural or iatrogenic
state of immunosuppression is imposed [13,14].

Initial studies identified a qualitative association between BKV
and HC [7]. After the introduction of PCR techniques, which allowed
the determination of BKV DNA load in urine and/or blood samples
of HSCT recipients, the association between BK viruria and HC was
strengthened by the demonstration that patients with HC tend to have
higher peak urine viral loads and excrete much larger amounts of BK

virusin the urine [15,16]. However, about 40-50% of HSCT patients with
persistent viruria do not experience HC. A more recent study suggested
that, as for kidney recipients with BKV-associated nephropathy, BK
viral load in plasma may be more stringently associated with HC than
BK viruria [17]. However, these data could not be confirmed in a later
study [18].

The exact pathogenetic link between BKV and HC requires further
investigation, and it is reasonable to hypothesize that other factors
contribute to the development of HC [4,16]. Two main theories have
been proposed to explain the pathogenesis of BK-related HC. The
classical hypothesis is that chemotherapy-induced injury or the cellular
regeneration or differentiation after conditioning might exert a direct
cytophatic effect on bladder epithelium, making it susceptible to lytic
high-level BK infection. The alternative theory is that of an immune
reconstitution pattern of disease, in which clinical manifestations are
most severe when the immune system is in the process of restoration
and viral antigens in the bladder wall are recognized by emerging
functioning lymphocytes [19].

The aim of this study was to investigate the latter hypothesis, through
assessment of the role played by BKV specific immune response of the
HSCT donor in the development of HC.
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Patients and Methods
Patients and specimens

BKV specific immunity was evaluated in a cohort of 30 HLA-
matched unrelated or haploidentical stem cell (SC) donors, divided into
three groups, according to BKV positivity in urine and development
of HC in recipients (group 1: BKV DNA+ HSCT recipients with HC:
n=10; group 2: BKV DNA+ HSCT recipients without HC n=13; group
3: BKV DNA- HSCT recipients n=7). The clinical characteristics of
the recipients are summarized in Table 1. This study was performed
in accordance with Institutional guidelines, and patients or guardians
gave informed consent for the acquisition of additional heparinized
blood samples to be employed in this study during routinely performed
phlebotomies.

Methods

Polymerase chain reaction for BKV: BKV DNA analysis on urine
and serum samples was performed as previously reported [20].

Harvest and isolation of PBMC: Peripheral blood mononuclear
cells (PBMC) were isolated by Ficoll-Hypaque density gradient
centrifugation within 24 hours from blood draw and cryopreserved
prior to use.

Serology methods: Subjects’ serostatus was determined testing
1:400 diluted plasma in an ELISA format for IgG with 50 ng of BK
virus-like particles as antigens coated to solid phase purified from
VP1 expressing baculo virus infected SF9 cells after lysis and gradient
centrifugation. A cut-off of OD492 nm >0.110 after subtraction of non-
VLP expressing lysates was considered positive [21,22].

Cellular immunity evaluation: BKV-specific T cell immunity
was evaluated on PBMC collected from the donors at the time of
pre-HSCT evaluation and cryopreserved. Cellular immunity was
evaluated by measuring (i) IFN-y-positive T cells on PBMC by flow
cytometry, ii) the frequency of virus-specific IFN-y-secreting cells in a
ELISPOT assay, and cytotoxicity of BKV-specific cell cultures, using a
51-chromium release assay, on 8-10 day PBMC cultures in the presence
of 15-mer peptide pools spanning the entire BKV-VP1 and large T (LT)
proteins (0.5 pg/ml concentration of each single peptide, JPT Peptide
Technologies, Berlin, Germany) (Figure 1) [22].

For flow cytometry evaluation, PBMC were cultured for 24 hours
in the presence of 15-mer BKV-VPI and LT peptide pools (0.5 pg/
ml concentration of each single peptide, JPT Peptide Technologies).
T cells were labeled for 15 min in the dark at R.T. with fluorescein
isothiocyanate (FITC)-conjugated antibody to CD4 or CD8 (BD
Biosciences Pharmingen) before fixing and permeabilizing (Fix
& Perm, Caltag Laboratories, Burlingame CA) and then labeling

Age, median (range) 10 (2-24)
Sex, M/F 15/15
Diagnosis

Malignant 21
Non-malignant 9
Type of HSCT donor

HLA-haploidentical 18
HLA-matched 12
BK viruria 23
BKV-related HC 10

Table 1: Clinical characteristics of the 30 patients enrolled into the study.

with phycoerythrin (PE)-conjugated interferon-y (BD Biosciences
Pharmingen ) for 40 min in the dark at R.T. before flow cytometry
analysis (FACScalibur, Beckton-Dickinson).

ELISPOT assays were performed according to a previously
described method [23]. Briefly, 96-well multiscreen filter plates (MAIPS
4510, Millipore, Bedford, MA) were coated with 100 pl of primary
antibody (IFN-y, Mabtech, Nacka, Sweden) at 2.5 pg/ml, and incubated
overnight at 4°C. Cultured T cells were seeded in the absence or
presence of VP1 and LT peptide mixes 0.5 ug/ml). After incubation for
24 hours at 37°C, 100 pl of biotinylated secondary antibody (Mabtech,
0.5 ug/ml) was added, and plates were then processed according to
standard procedure. IFN-y-producing spots were counted using an
Elispot reader (Bioline, Torino, Italy). The number of spots per well
was calculated after subtracting the assay background, quantitated as
an average of 24 wells containing only sterile complete medium, and
specific background (sum of cytokine spots derived from responders
alone).

Specific cytotoxicactivity was assessed by standard *’Cr-release assay,
against a panel of targets including autologous phytohemagglutinin
(PHA) blasts pulsed for 2 hrs with 2 pg/ml of VP-1 and LT peptide mix
or with 2 pg/ml of control peptide (EBV-LMP2 peptide mix, JPT), and
incubated overnight with *'Cr (100 pCi). In brief, PBMC cultured for
8-10 days with VP-1 and LT peptide pools were incubated with target
cells at E:T ratios of 20:1, 10:1, 5:1, 2.5:1 [22].

Statistical analysis

Data were expressed as median and 95% CI. Comparison of
immunological parameters among different patient subgroups was
performed by Mann-Whitney test. p-values<0.05 were considered
statistically significant. Statistical analysis was performed using NCSS
System (Cary, NC, USA).

Results

In this study we focused on the link between BKV specific immune
response and the development of HC in paediatric HSCT recipients.
Since BKV related HC more frequently occurs in the first 45 days after
transplantation, when patients cellular immunity largely depends on
homeostatic expansion of donor’s mature lymphocytes transferred
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Figure 1: Diagram of the workflow for evaluation of BKV-specific immunity
in the HSCT donors.
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within the graft, we decided to investigate the role of BKV specific
immune response of the HSCT donor in the development of HC.

In order to assess cellular immunity to BKV, we evaluated the
frequency of IFN-y-producing cells, by means of Elispot assay and
measurement of T-cells CD8+/INFy+, and specific cytotoxic capacity
by means of standard 51Cr-release assay, in samples obtained from the
transplant donor. The results were then analyzed in relation to BKV
status of the patient at the time of evaluation.

The donors whose recipients developed BK viruria and presented
HC had a lower frequency of BKV-specific CD8+/INF-y cells,
compared to the donors of patients who developed viruria without HC
or remained BKV and HC free. Indeed, the number of CD8+/ IFN-y+
cells was 1-log lower in donors belonging to group 1 compared with
groups 2 and 3 (Figure 2).

We then evaluated numbers of BKV specific IFN-y secreting cells
by ELISPOT assay on donor T-cell lines obtained after a 10 day co-
culture of PBMC with BKV antigens. We found that cultured T cells
from donors whose recipients developed HC had lower, though not
statistically significant, numbers of IFN-y secreting cells, in comparison
to donors belonging to the other two groups [response to VP1, median
and 95% CI in donors of HC patients: 49 (28-107) vs. 121 (29-263) and
65 (28-118) IFN-y spots/10° cultured cells in the BKV+ HC-, and in the
BKV-negative patient donors, respectively] (Figure 3a).

Since CD8+ T cells and cytotoxic function are thought to be crucial
for clearance of virus-infected cells, and are also those responsible for
pathology in patients with immune reconstitution syndrome, we then
proceeded to evaluate the cytotoxic capacity of BKV-specific T cells
present in the donor lines obtained after a 10 day co-culture of PBMC
with BKV antigens. Lytic activity against autologous PHA blasts pulsed
with BKV-VP1 and LT did not vary significantly in the three groups,
although donors of patients with BKV urinary shedding had higher
cytotoxic activity than the other groups (Figure 3b).

We also analyzed humoral donor BKV specific immunity. As shown
in Figure 4, although the levels of specific BKV-VLP IgG were not
statistically different in the three groups considered, subjects donating
to patients that were constantly negative for BK viruria post transplant
had higher levels of specific antibodies than donors of HSCT recipients
with HC and/or BK viruria [median BKV-VLP IgG levels in donors of
BKV-negative patient: 1.34 vs. 0.70 and 0.50 in the BKV+ HC-, and in
the HC+ patient donors, respectively; p=ns].

Discussion

An immune reconstitution pattern of disease has been suggested
as alternative hypothesis to explain the pathogenesis of BK-related HC
in the HSCT setting [4,5,24]. According to this theory, HC is the result
of an inflammatory process elicited by the recovery of functioning T
lymphocytes after transplantation, engaging viral antigens expressed
on the uroepithelium and triggering an immune attack responsible
for the extensive mucosal damage and severe bleeding. Support to
this theory comes from the observation that HC is very rare among
patients who undergo autologous as compared with allogeneic HSCT,
even though similar myeloablative conditioning regimens are used,
addressing the alloimmune reactions after allogeneic HSCT as an
important contributing factor [19]. Moreover, most cases of post-
engraftment hemorrhagic cystitis occur in allogeneic HSCT with
GVHD, further emphasizing the possible role of the immune system
in the pathogenesis of HC [25]. Such kind of immune reconstitution
disease has been previously described for JC virus infection in HIV-

infected patients treated with antiretroviral combination therapy [26].

Starting from this assumptions, and considering the crucial role that
mature T lymphocytes from the donor could have in the early stages
of immune reconstitution [27], we hypothesized that higher number
of BKV-specific T cells in the donor could constitute a risk factor for
development of BKV-related HC in the recipient. Our study, however,
shows that HSCT donors whose recipients developed HC have lower,
though not statistically significant, levels of BKV-specific T cells, as
compared with donors of recipient with isolated BK-viruria or without
viruria. Indeed, we found that donors whose recipients developed BK
viruria and HC had a lower frequency of BKV-specific CD8+/INF-y
cells compared to the donors of patients who persisted BKV-negative
or developed viruria but did not exhibit HC, and lower numbers of
BKYV specific IEN-y secreting cells in ELISPOT assays, compared with
donors belonging to the other two groups. Cytotoxic functions, which
are crucial for the clearance of virus-infected cells, measured as lytic
activity against autologous PHA blasts pulsed with BKV-VP1 and LT,
seemed to be similar in all donors’ T cell lines, even if this activity was
greater in the second group. These data suggest that HSCT donors
whose recipients develop HC have lower frequencies of virus-specific
CD8+ T cells that, although numerically scarce, maintain a potential
efficient activity. Regarding helper T cell functions, no significant
difference was observed among the different groups, indicating that
cytotoxic T cell rather than helper T cell function may have a crucial
role in controlling BKV infection after HSCT. On the basis of our data,
we feel that the hypothesis that HC is a consequence of an excessive
immune reconstitution seems unlikely. Further evidence against
the immune reconstitution hypothesis comes from the observation
that post-engraftment hemorrhagic cystitis has occurred in patients
with very low lymphocyte counts (<100 cells/ml) and in patients
receiving high-dose steroids [17] and is more frequent in recipients of
haploidentical and cord blood transplants, which are characterized by
greater cellular immune incompetence after HSCT [28].

The crucial role of T cell immunity in the control of BK infection
has been previously demonstrated in kidney transplant recipients,
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Figure 2: Frequency of BKV-specific CD8+/IFNg+ cells after 24h stimulation
with VP1 and T peptides. Percentage of BKV-specific CD8+/IFNg+ cells is
represented on a logarithmic scale. All P values are reported those between
0.05 and 0.1 are marked in italics. Evaluated groups: group 1: donors whose
recipients developed HC; group 2: donors whose recipients showed BK viruria;
group 3: donors whose recipients without BK viruria.
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Figure 3: Cell-mediated responses to BKV in donors. A: BKV-specific IFN-y production after 10 days stimulation with VP1 and T peptides, was measured by
ELISPOT assay, and reported as number of spots/10° PBMC, (median spots of triplicate experiments + SD). B: BKV specific cytotoxicity in donors, after 10 day
stimulation with VP1 and T peptides. Cytotoxicity is represented as % specific lysis at an effector to target ratio of 10:1 (mean of triplicate experiments + SD). As
target, we used autologous PHA-blasts pulsed with VP1/T peptides; autologous mock-treated PHA-blastes were used as background.
All P values are reported. Evaluated groups: Group 1: donors whose recipients developed HC; Group 2: donors whose recipients showed BK viruria; Group 3:
donors whose recipients without BK viruria.

which are at risk of BK-associated interstitial nephritis. In this setting
of patients, increased incidence of reactivation and clinical disease has
been linked to the degree of immune compromise [29,30]. Furthermore,
in kidney recipients, there is clear evidence suggesting that control of
BK replication and BK-nephritis is correlated with development or
reconstitution of BK-specific cellular immune responses [23,31]. Post-
HSCT pathogen surveillance is the results of both extent of donor
antigen-specific mature T-cell transfer and ability of antigen-specific
T cell regeneration from stem cell inoculum. With our study, we have

evaluated only the former. Additional evidence will have to be collected
on the role of BKV-specific cellular immunity reconstitution after
HSCT on BKV infection and HC development that may allow to get
further insight into HC pathogenesis.

In conclusion, although we cannot rule out that in some cases also
immune reconstitution could play a role in the pathogenesis of HC,
our preliminary data suggest that BKV-related HC may be related to
low donor BKV-specific cytotoxic T cell transfer, perhaps coupled with
impairment in BKV-specific T cell expansion posttransplant.
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Figure 4: Levels of BKV-specific antibodies in the donor cohort. Data on
donors’ anti-BKV IgG are reported as median and quartiles. All P values are
reported. Evaluated groups: Group 1: donors whose recipients developed HC;
Group 2: donors whose recipients showed BK viruria; Group 3: donors whose
recipients without BK viruria.
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