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Introduction

Summary

In lung transplant recipients (LTRs), human cytomegalovirus (HCMYV)
DNAaemia could be associated with HCMV disease and reduced allograft
survival. In the present study we analysed whether or not HCMV-specific
granzyme B (Grz-B) responses indicating CD8* T cell cytotoxicity exert an
impact on HCMV DNAaemia and relate to specific interferon (IFN)-y secre-
tion. HCMV-specific Grz-B responses were quantitated by enzyme-linked
immunosorbent assay (ELISA) in 70 samples from 39 HCMV seropositive
LTRs who were prospectively investigated for HCMV DNA plasma levels and
IFN-y kinetics using a standardized CD8" T cell assay (QuantiFERON®-
CMV assay). In all LTRs who were protected from HCMV DNAaemia by
early and persistent IFN-y responses, Grz-B responses were also detected. In
LTRs who developed episodes of HCMV DNAaemia, the Grz-B responses
which were detected prior to viral DNA detection differed significantly in
patients who experienced episodes with high (exceeding 1000 copies/ml) and
low plasma DNA levels (P =0-0290, Fisher’s exact test). Furthermore, the
extent of Grz-B release prior to viral DNAaemia correlated statistically with
the detected levels of IFN-y (P < 0-0001, Spearman’s rank test). Of note,
simultaneous detection of Grz-B and IFN-y secretion was associated signifi-
cantly with protection from high HCMV DNA plasma levels during the sub-
sequent follow-up (P =0-0057, Fisher’s exact test), and this association was
stronger than for IFN-y detection alone. We conclude that, in addition to
IFN-y responses, Grz-B secretion by CD8" T cells is essential to control
HCMV replication and a simultaneous measurement of IFN-y and Grz-B
could contribute to the immune monitoring of LTRs.
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trolling HCMV replication, specific CD8" T cells are essen-
tial. They produce the anti-viral cytokine interferon (IFN)-y

In lung transplant recipients (LTRs) human cytomegalovi-
rus (HCMYV) replication can lead to HCMV syndrome,
characterized by fever, neutropenia or thrombocytopenia,
or tissue-invasive HCMV disease, which manifests fre-
quently in LTRs as pneumonia, and might also trigger
chronic inflammatory processes that reduce the survival of
the allograft [1,2]. For the development of HCMV disease
the plasma HCMV DNA level has been identified as a prog-
nostic marker [3]. Although viral DNA is therefore meas-
ured routinely, which factors determine emergence and
magnitude of HCMV DNAaemia remain unclear. For con-
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and secrete cytoplasmic granules which, among other cyto-
lytic molecules, contain granzyme B (Grz-B) and induce
apoptosis in infected cells [4,5].

The QuantiFERON®-CMYV assay is the only standardized
test for monitoring HCMV-specific IFN-y responses by
CD8" T cells [6]. Previous studies covering solid organ
recipients showed that when IFN-y responses are measured
using this assay the clinical progression of HCMV DNAae-
mia as well as the incidence of HCMV disease can be
predicted [7-9]. We applied the assay in LTRs and demon-
strated that IFN-y responses also affect the incidence and
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magnitude of HCMV DNAaemia [10]. None the less,
although most LTRs who displayed early and persistently
detectable IFN-y responses were protected from high-level
HCMV DNAaemia, we identified single patients who dis-
played high HCMV DNA plasma loads despite the detec-
tion of IFN-y. Therefore, we further analysed whether or
not HCMV-specific Grz-B release, indicating cytotoxicity, is
associated with HCMV DNAaemia, correlating with the
standardized measurement of IFN-y secretion by the
QuantiFERON®-CMV assay and can be used to predict
HCMV DNAaemia.

Materials and methods

Study population

The present study included 39 HCMV seropositive patients
(21 females, 18 males, mean age: 53 years), who were part of
a previously described cohort and who received a lung
transplant at the Medical University of Vienna from 11
HCMV seronegative and 28 seropositive donors. The
patients were administered immunosuppressive treatment
as well as anti-viral prophylaxis in a regimen described pre-
viously [10]. Of 39 study patients, 36 completed a follow-up
of 1 year and three were followed for at least 7 months. All
patients gave written consent for participation, the protocol
was approved by the Institutional Review Board and the
study was conducted in accordance with the Declaration of
Helsinki and the guidelines of the local ethics committee
(EC protocol 165/2007).

HCMYV DNA quantification and HCMV-specific
IFN-y responses

Blood samples from the LTRs were collected at routine visits
to the out-patient clinic during the post-transplant follow-
up. The samples were investigated for HCMV DNA plasma
loads (Cobas Amplicor HCMV Monitor-Test Kit; Roche
Molecular Systems, Branchburg, NJ, USA) and HCMV-
specific IFN-y responses using the QuantiFERON®-CMV
assay (Cellestis GmbH —a Qiagen company, Darmstadt,
Germany) [10]. As described previously, one aliquot of 1 ml
whole blood was stimulated with a mix of 21 HCMV pep-
tides, derived from immunodominant human leucocyte
antigen (HLA)-restricted CD8" T cell epitopes of various
HCMYV proteins; one aliquot was stimulated with mitogen
(positive control) and one was incubated in the presence of
sterile phosphate-buffered saline (unstimulated negative
control) [10]. All patients displayed HLA haplotypes which
included the epitopes that were covered by the
QuantiFERON®-CMYV assay. After incubation for 24 h at
37°C, serum supernatants were harvested and kept frozen at
—20°C. After thawing, HCMV-specific IFN-y responses were
quantified (IU/ml) using an included enzyme-linked
immunosorbent assay (ELISA) and used according to the

Granzyme B responses to HCMV in LTRs

manufacturer’s instructions. In total, 620 plasma samples
(mean 15-9 per patient) were quantitated for HCMV DNA
loads at a mean interval of 26-3 days, and 422 heparinized
whole-blood samples (mean 10-8 samples per patient) were
measured for specific IFN-y responses at a mean interval of
33-2 days. According to the protocol of our centre, pre-
emptive valganciclovir therapy was initiated after acquisi-
tion of samples when HCMV DNA loads exceeded 1000
copies/ml.

HCMV-specifc granzyme B responses

Seventy samples with at least one assessment per patient
(mean of 1-8 per patient) were analysed for Grz-B levels
using the Human Granzyme B Platinum ELISA (eBio-
sciences, Bender MedSystems, Vienna, Austria). In each
patient who developed HCMV DNAaemia (n=32), the
sample which was obtained at the last time-point before
HCMV DNA became detectable was quantitated for
HCMV-specific Grz-B production (mean interval 31-2
days). In patients who did not develop HCMV DNaemia
during the follow-up, Grz-B levels were determined at
cessation of anti-viral prophylaxis and at least another
time-point during the follow-up (mean 2-9 samples per
patient). Grz-B levels were analysed in supernatants that
were acquired using the QuantiFERON®-CMYV assay after
incubation of whole blood with HCMV peptides from
various CD8" T cell epitopes, with mitogen (positive
control) and without stimulation (negative control) [6,10].
HCMV-specific Grz-B responses were evaluated by sub-
tracting levels in unstimulated from HCMV-stimulated
samples. A cut-off value (mean Grz-B levels at cessation of
anti-viral prophylaxis + x3 standard deviations) was deter-
mined in 10 donor and recipient HCMV seronegative
LTRs who did not show any evidence of HCMYV replica-
tion during the post-transplant follow-up and who were
not part of the HCMYV seropositive study cohort.
Responses which exceeded this cut-off and were at least
twice as high as unstimulated levels were interpreted as
positive. Test results were interpreted as valid only when
unstimulated levels were < 15pg/ml and mitogen-
stimulated levels exceeded this value by 10 times.

Statistical methods

Fisher’s exact test was used to evaluate whether or not spe-
cific HCMV-specific Grz-B responses in preceding samples
differed between patients who subsequently developed
HCMYV DNAaemia with high and low HCMV DNA levels.
Spearman’s rank test was used to estimate the correlation of
Grz-B and IFN-y levels that were detected prior to HCMV
DNAaemia episodes. A P-value of <0-05 was considered
statistically significant. GraphPad Prism version 5.0 soft-
ware was used for statistical analyses.
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Results

Grz-B responses in relation to HCMV DNA and
IFN-y kinetics

We investigated 39 R* LTRs from a previously enrolled
cohort, whose individual kinetics of plasma HCMV DNA
loads and of specific IFN-y responses had been assessed
previously [10]. As shown in Table 1, Grz-B responses were
analysed in six patient groups: in group A (n=6), LTRs
showed no HCMV DNAaemia during the follow-up and
IFN-y responses were detected early post-transplant and
remained persistently detectable. Grz-B responses were
detected in all these patients (a representative LTR is
shown in Fig. 1a). Group B (n=9) was formed by LTRs
who developed high-level HCMV DNAaemia (> 1000
copies/ml) in the absence of a preceding IFN-y response.
In eight of these nine patients (88:9%), Grz-B was also
undetectable prior to HCMV DNA detection (Fig. 1b).
Two individuals from group B showed a decline of a previ-
ously detectable IFN-y response prior to HCMV DNAae-
mia and this was also accompanied by a simultaneous
Grz-B decrease below the cut-off value (Fig. 1c). Group C
(n=4) included LTRs in whom high-level HCMV DNAae-
mia occurred, although IFN-y was detected simultane-
ously. Of note, in two of these patients (50%) there was no
Grz-B response (Fig. 1d). Groups D and E consisted of 19
LTRs in whom only low HCMV DNA plasma levels
(<1000 copies/ml) were detected, and this was associated
with detectable IFN-y responses in 12 patients (group D)
and absence of responses in seven LTRs (group E). Of the
12 LTRs from group D, 11 patients (91:7%) showed a
detectable Grz-B response. Group F finally included a
patient who displayed neither HCMV DNAaemia nor
IFN-y or Grz-B responses.

Association of HCMV-specific Grz-B responses and
HCMV DNAaemia

We then analysed whether specific Grz-B responses which
were detected prior to HCMV DNAaemia differed in LTRs
who subsequently developed episodes with high (> 1000

copies/ml) and low plasma DNA levels. Of 32 episodes of
HCMV DNAaemia which occurred in the LTRs, 16 were
preceded by a detectable Grz-B response and 16 were not.
HCMYV DNA loads exceeding 1000 copies/ml were detected
in 62-5% (10 of 16) of the episodes which were preceded by
a negative Grz-B response, but in only 18-8% (three of 16)
of the episodes that were preceded by a positive response
(Fisher’s exact test, P =0-0290; Fig. 2a). The extent of spe-
cific Grz-B release which was detected prior to these epi-
sodes correlated statistically with the detected levels of
IFN-y (Spearman’s rank test, P < 0-0001; Fig. 2b). Finally,
we analysed whether or not simultaneous detection of
Grz-B and IFN-y secretion was associated with the subse-
quent development of high-level HCMV DNAaemia
(> 1000 copies/ml) during further follow-up. HCMV
DNAaemia with viral DNA loads exceeding 1000 copies/ml
occurred in 11 of 20 (55%) LTRs who previously showed
either a negative Grz-B or IFN-y response, but developed
only in two of 19 (10-5%) LTRs who displayed a Grz-B and
IFN-y double-positive response (P =0-0057, Fisher’s exact
test, Fig. 2c). Of note, the association of double-positive
responses with protection from high-level HCMV DNAae-
mia showed a higher statistical significance than when
IFN-y was measured alone (high level HCMV DNAaemia
developed in 52-9% of LTRs with a negative IFN-y response
and in 18:2% of patients with a positive IFN-y response,
P =0-0392, Fisher’s exact test).

Discussion

In the present study we analysed whether HCMV-specific
production of Grz-B, which indicates CD8" T cell cytotoxic-
ity, controls HCMV DNAaemia in LTRs. We found that
Grz-B responses which were detected prior to onset of
HCMV DNAaemia differed in patients who subsequently
experienced DNAaemia episodes with high and low plasma
DNA levels and demonstrated that simultaneous detection
of Grz-B and IFN-y was associated clearly with the absence
of high-level HCMV DNAaemia.

In LTRs high-level HCMV DNAaemia has been associ-
ated with HCMV disease development and HCM V-specific
IFN-7y responses by CD8* T cells have been shown to affect

Table 1. Human cytomegalovirus (HCMV)-specific granzyme B responses in relation to interferon-y and HCMV DNA kinetics.

Number of HCMV-specific HCMV-specific granzyme Representative

Patient group patients HCMYV DNAaemia interferon-y response B response patient shown in

A 6 Undetectable during Early and persistently positive Detectable in 100% Fig. la
follow-up

B 9 > 1000 copies/ml Prior to HCMV Negative Undetectable in 88-9% Fig. 1b,c

C 4 > 1000 copies/ml DNAemia Positive Undetectable in 50% Fig. 1d

D 12 <1000 copies/ml Positive Detectable in 91-7% Not shown

E 7 <1000 copies/ml Negative Undetectable in 57-1% Not shown

F Undetectable during Negative during follow-up Undetectable Not shown
follow-up
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Fig. 1. Human cytomegalovirus (HCMV)-specific granzyme B (Grz-B) responses in representative patients. Representative patient who showed
early and persistent detection of specific granzyme B (Grz-B) and interferon (IFN)-y responses in absence of HCMV DNAaemia (a). Representative
patient who displayed high-level HCMV DNAaemia (plasma HCMV DNA loads exceeding 1000 copies/ml) in the absence of specific Grz-B and
IFN-v responses during the entire follow-up (b). Representative patient who developed high-level HCMV DNAaemia after fluctuating kinetics of

IFN-y and Grz-B responses which decreased prior to HCMV DNAaemia (c). Representative patient who showed occurrence of high level HCMV
DNAaemia in the presence of IFN-y, but in the absence of Grz-B responses (d).

the incidence, magnitude and progression of HCMV
DNAaemia [1,3,8,10]. None the less, a previous study from
our group indicated that high-level HCMV DNAaemia
occurs occasionally despite stable IFN-y responses, propos-
ing that other CD8" T cell functions, besides IFN-y secre-
tion, could be critical for an efficient containment of
HCMV replication [10].

The present data now indicate that HCMV-specific Grz-B
responses by CD8" T cells might exert a critical impact on
limiting HCMV replication, as high-level HCMV DNAae-
mia occurred more frequently in the absence of Grz-B
responses, while the majority of LTRs, in whom no or only

© 2013 British Society for Immunology, Clinical and Experimental Inmunology, 173: 438-443

low-level DNAaemia occurred, displayed significant Grz-B
responses. Furthermore, simultaneous Grz-B and IFN-y
secretion showed a stronger association with protection
from high level HCMV DNAaemia than IFN-y responses
alone, indicating that a measurement of Grz-B during the
post-transplant surveillance of LTRs might improve the
identification of functionally efficient effector cells that
control HCMV replication in vivo.

Grz-B production has been associated with distinct
grades of activation and differentiation in CD8" T cell
subsets and is found predominantly in recently activated
effector and memory effector cells [4,5]. In HCMV-specific
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Fig. 2. Statistical analysis of human cytomegalovirus
(HCMV)-specific granzyme B (Grz-B) responses and HCMV
DNAaemia. HCMV-specific Grz-B responses which were detected
prior to the onset of HCMV DNAaemia differed in lung transplant
recipients (LTRs) who subsequently developed DNAaemia episodes
with high (> 1000 copies/ml) and low viral DNA loads. In 10 of 16
(62-5%) episodes that were preceded by a negative Grz-B response,
viral DNA loads exceeded 1000 copies/ml, versus three of 16 (18-:8%)
episodes which were preceded by a positive Grz-B response (Fisher’s
exact test, P =0-0290) (a). The levels of HCMV-specific Grz-B
responses that were detected prior to the 32 HCMV DNAaemia
episodes correlated with the detected levels of specific interferon
(IFN)-y (P < 0-0001, Spearman’s rank test) (b). Simultaneous
detection of specific Grz-B and IFN-y responses affected the
occurrence of high HCMV DNA loads (> 1000 copies/ml) during the
subsequent follow-up. HCMV DNAaemia with viral DNA loads
exceeding 1000 copies/ml developed in 11 of 20 (55%) LTRs who
previously either showed a negative Grz-B or negative IFN-y response,
but occurred in only two of 19 (10-5%) LTRs who displayed a
double-positive Grz-B and IEN-y response (P = 0-0057, Fisher’s exact
test).

CD8" T cells, Grz-B expression is linked to the production
of other cytolytic enzymes, such as granzyme A and per-
forin, and correlates with the lytic function [4,11]. HCMV-
specific Grz-B responses have been identified during
HCMYV primary infection of renal allograft recipients, and
even during latent HCMV infection high frequencies of
effector CD8" T cells contain Grz-B [12—14]. Therefore, our
finding that HCMV-specific Grz-B responses can be
detected in LTRs is consistent with previous data and indi-
cates that, even when high-dose immunsuppressive treat-

ment is administered after lung transplantation, CD8" T
cells are capable of secreting Grz-B in response to HCMV
peptides, which is a measure for HCMV-specific cytotoxic-
ity, although cytokine-mediated bystander activation and
Grz-B release by natural killer T cells cannot be ruled out
completely [15].

In the majority of the cases IFN-y and Grz-B were
secreted simultaneously when CD8" T cells responded upon
HCMV-specific stimulation. Furthermore, there was a sta-
tistically significant correlation between Grz-B and IFN-y
levels that were detected by the QuantiFERON®-CMV
assay. These findings indicate that a standardized measure-
ment of HCMV-specific IFN-y responses, serving as an
indicator for antigen recognition and cytokine production,
correlates with cytotoxic T cell function, proposing that the
total number of circulating HCMV-specific CD8" T cells
that exert these effector functions could also be a critical
factor [16]. However, we also identified single patients in
whom these effector functions were not linked. Of note, in
two patients specific Grz-B production was absent while
IFN-vy responses were present, and this was associated with
the development of high-level HCMV DNAaemia. This
could be due to a selective effect of the immunosuppressive
treatment on distinct CD8" T cell subsets or to a selective
impairment of cytotoxicity, as has been demonstrated for
infections with human immunodeficiency virus and hepati-
tis C virus [13,17-19]. Thus, polyfunctional CD8" T cells
that produce other cytokines simultaneously in addition to
IFN-y could be essential to control HCMV replication
[20,21].

However, although simultaneous IFN-y and Grz-B secre-
tion by CD8* T cells was associated clearly with protection
from high HCMV DNAaemia, protection from high HCMV
DNA plasma loads could also be dependent upon CD4* T
cell help, as it has been shown that in the absence of stimu-
latory signals from CD4" T helper cells, CD8" T cells are not
capable of a sufficient containment of viral replication [22].
Thus, for an exact prediction of HCMV DNAaemia in LTRs,
comprehensive immune monitoring also covering CD4" T
cell responses could prove beneficial.

None the less, we conclude that in LTRs HCMV-specific
CD8" T cell responses, comprised not only of IFN-y secre-
tion but also of Grz-B release, are essential for sufficient
control of HCMV replication, and monitoring of Grz-B
responses might improve the prediction of HCMV
DNAemia during the post-transplant surveillance.
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