
Journal of Medical Virology 89:685–695 (2017)

IL28B Genetic Variation and Cytomegalovirus-
Specific T-Cell Immunity in Allogeneic Stem Cell
Transplant Recipients

Isabel Corrales,1 Carlos Solano,2,3 Paula Amat,2 Estela Gim�enez,1 Rafael de la C�amara,4

Jos�e Nieto,5 Javier L�opez,6 Ana Garc�ıa-Noblejas,4 Jos�e Luis Pi~nana,2 and David Navarro1,7*
1Microbiology Service, Hospital Cl�ınico Universitario, Fundaci�on de Investigaci�on INCLIVA, Valencia, Spain
2Hematology and Medical Oncology Service, Hospital Cl�ınico Universitario, Fundaci�on de Investigaci�on INCLIVA,
Valencia, Spain
3Department of Medicine, School of Medicine, University of Valencia, Valencia, Spain
4Hematology Service, Hospital de la Princesa, Madrid, Spain
5Hematology Service, Hospital Morales Meseguer, Murcia, Spain
6Hematology Service, Hospital Ram�on y Cajal, Madrid, Spain
7Department of Microbiology, School of Medicine, University of Valencia, Valencia, Spain

A single nucleotide polymorphism (SNP), 3
kbp upstream of the IL28B gene (rs12979860;
C/T), has been shown to influence the dy-
namics of cytomegalovirus (CMV) replication
in allogeneic stem cell transplant recipients
(Allo-SCT). We investigated whether this SNP
had any effect on the dynamics of CMV-
specific T-cell immunity in these patients.
CMV pp65/IE-1 IFN-g CD8þ and CD4þ T cells
were enumerated by flow cytometry in 85
patients with no prior CMV DNAemia (group
A) and in 57 after the onset of CMV DNAemia
(group B). Donor IL28B genotype was deter-
mined by real-time PCR and plasma levels of
IL-28B were quantitated by ELISA. CMV-
specific T-cell counts and plasma IL-28B
levels in patients in group A were not signifi-
cantly different among the IL28B genotype
groups. Patients harboring the donor IL28B T/
T genotype appeared to expand CMV-specific
IFN-g CD8þ cells to a higher level in response
to viral replication than their C/T and C/C
counterparts. Fewer patients in the T/T group
received pre-emptive antiviral therapy
(P¼ 0.05). Overall, a significant inverse corre-
lation was observed between median IL-28B
levels measured prior to the CMV DNAemia
onset and the level of CMV-specific CD8þ T
cells enumerated after detection of CMV
DNAemia (s¼�0.471; P¼ 0.013). In summary,
the data suggested that the protective effect
attributed to the rs12979860 SNP minor T
allele could be mediated, at least in part, by
eliciting robust CMV-specific T-cell re-
sponses. J. Med. Virol. 89:685–695, 2017.
# 2016 Wiley Periodicals, Inc.
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INTRODUCTION

Cytomegalovirus (CMV) infection is a relevant cause
of morbidity and mortality in allogeneic stem cell
transplant recipients (Allo-SCT) [Boeckh and Ljung-
man, 2009; P�erez-Romero et al., 2015]. The impact of
host and donor genetics on the risk of active CMV
infection and end-organ disease in Allo-SCT patients is
being increasingly recognized [Loeffler et al., 2006;
Mezger et al., 2008; Bravo et al., 2014; Corrales et al.,
2015]. Type III (l) interferons (IFNs), including IFN-
l1 (IL-29), IFN-l2 (IL-28A), and IFN-l3 (IL-28B) and
IFN-l4, are triggered by viral infections and may
induce antiviral activity, which may partially overlap
with that mediated by type I IFNs, as well as
immunomodulatory effects [Kotenko et al., 2003;
Sheppard et al., 2003], as they signal through a
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heterodimeric receptor consisting of IL-10Rb and
IL-28R1 chains. The antiviral effect against a wide
variety of viruses, including influenza virus, human
metapneumovirus, herpes simplex virus type 2, respi-
ratory syncytial virus and rotavirus has been demon-
strated in experimental models [Hermant and
Michiels, 2014]. Virtually any cell type is capable of
expressing IL28B mRNA; Nevertheless, IL-28B is
mainly produced by myeloid and plasmacytoid den-
dritic cells [Yoshio et al., 2013; Zhang et al., 2013].
IL-28B binds a specific cell surface receptor complex
which is abundantly expressed in epithelial cells,
melanocytes, and hepatocytes [Sommereyns et al,
2008], leading to JAK-STAT signal transduction and
expression of interferon-stimulated genes [Liu et al.,
2012]. A single nucleotide polymorphism (SNP;
rs12979860), 3 kbp upstream of the IL28B gene, has
been shown to be associated with spontaneous resolu-
tion of hepatitis C virus (HCV) infection and with a
greater response of patients infected chronically with
HCV genotype 1 to PEG-IFNa/Ribavirin therapy [Ge
et al., 2009; Thomas et al., 2009]. This if one of a series
of SNPs located relatively distant from the IL28B and
IFNL4 coding sequences genes that have been shown
to be in high linkage disequilibrium [Duggal et al.,
2013]. Despite its location they are thought to poten-
tially impact the binding of transcription factors and
methylation sites, thereby influencing the promoter
activity [Chinnaswamy et al., 2013; McFarland et al.,
2014; Lu et al., 2015]. Nevertheless, the exact mecha-
nism by which these SNP affect regulation or expres-
sion of the IL28B gene remains to be elucidated.
We previously investigated the effect of the IL28B

SNP rs12979860 on the incidence of active CMV
infection and the dynamics of CMV DNAemia within
episodes of CMV replication in Allo-SCT recipients.
Our data pointed to a protective effect of the donor T
allele (just the opposite to that seen in HCV-infected
patients). In particular, patients receiving an allograft
from a donor harboring the minor allele expressed in
homozygous (T/T) form had shorter episodes of CMV
DNAemia than those carrying the donor C/T and C/C
genotypes. In contrast, the recipient IL28B genotype
had no influence on the variables subject to analysis. A
relevant impact of the above-mentioned SNP on the
incidence of active CMV infection in solid organ
transplant recipients has also been reported [Egli
et al., 2014; Fern�andez-Ruiz et al., 2015]. A plausible
mechanistic explanation for these clinical observations
was proposed by Egli et al. [2014], whereby lower
CMV-induced interferon-stimulated genes (ISG) and
an impairment of T-cell priming during CMV replica-
tion would be the hallmarks of the risk genotypes (C/C
and C/T), this leading to a suboptimal antiviral
response. In this context, we investigated whether the
IL28B rs12979860 SNP had any effect on the recovery
of CMV-specific T-cell immunity following transplanta-
tion and on the magnitude of CMV-specific T-cell
expansion triggered by CMV replication in Allo-SCT
recipients.

MATERIALS AND METHODS

Patients

The current study was a retrospective, observa-
tional one that included two independent cohorts:
Cohort (A) consisted of 85 non-consecutive, Caucasian
patients who underwent Allo-SCT at the respective
Haematology Unit of the Hospital Cl�ınico Universi-
tario, Valencia, Spain (HCU) (n¼ 48), Hospital La
Princesa, Madrid, Spain (n¼ 18), Hospital Ram�on y
Cajal, Madrid, Spain (n¼ 11), and Hospital Morales
Meseguer, Murcia, Spain (n¼ 8) between 2008 and
2014. The inclusion criteria were the following:
(i) absence of documented CMV DNAemia prior to
the time of immunological analysis; (ii) availability of
CMV-specific CD8þ T-cell immunity data; (iii) avail-
ability of at least three plasma specimens for IL-28B
quantitation obtained after Allo-SCT and prior to the
time of immunological analyses; and (iv) availability
of data on the donor IL28B genotype. Cohort (B)
consisted of 57 non-consecutive patients who under-
went Allo-SCT at HCU between 2007 and 2014. The
inclusion criteria were the following: (i) availability of
data on CMV-specific CD8þ T-cell immunity obtained
within the episode of active CMV infection;
(ii) availability of plasma specimens for IL-28B
quantitation obtained prior to the time of immunolog-
ical analyses; and (iii) availability of data on the
donor IL28B genotype. The patients in cohorts A and
B had been included in different studies previously
published by our group [Solano et al., 2008; Tormo
et al., 2010a,b, 2011; Gim�enez et al., 2015a,b]. In all
these studies, CMV-specific IFN-g-producing CD8þ T
cells, but not CD4þ T cells, were planned to be
enumerated. As a result, the number of available
measurements for CMV-specific CD4þ T cells was
lower than that for CMV-specific CD8þ T cells. The
donor IL28B genotype of 100 out of the 142 patients
included in the current study was previously reported
[Bravo et al., 2014]. The median age of patients
included in the current study was 48.6 years (range
18–70 years). The study period comprised the first
100 days following transplantation. Only initial (first)
episodes of CMV DNAemia were considered for the
analyses described herein. The study was approved
by the Ethics Committees of the participating hospi-
tals. All patients gave their informed consent to
participate in the study.

Virological Monitoring and Management of
Active CMV Infection

Virological monitoring was conducted at least once
a week, and was performed with a pp65 antigenae-
mia assay (AG) (Diagnostics CMV pp65 Antigenemia
Immunofluorescence assay, Chemicon International,
Temecula, CA) and/or by a plasma real-time PCR
assay, as previously reported [Tormo et al., 2011].
For the AG assay, blood samples were obtained in
EDTA-treated tubes and were processed within 2hr.
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Polymorphonuclear leukocytes (PMNLs) and plasma
were separated by the standard dextran sedimenta-
tion method. The pp65 antigenemia assay was car-
ried out by a standard immunofluorescence procedure
as previously described [Solano et al., 2001]. Results
were reported as the number of pp65-positive cells/
200,000 PMNL. Pre-emptive therapy with oral val-
ganciclovir (900mg/12 hr), i.v. ganciclovir (5mg/kg/
12hr), or i.v. foscarnet (60mg/kg/12hr) was initiated
either upon a positive pp65 AG result or upon a CMV
DNAemia threshold level, which was established at
each center (between 500 and 1000 copies/ml). All
patients in cohort B underwent Allo-SCT at the
Hospital Cl�ınico Universitario of Valencia. At this
center, until April 2010, virological monitoring was
performed in parallel with the AG assay and a real-
time PCR (PCR Kit, Abbott Molecular, Des Plaines,
IL), although the initiation and cessation of pre-
emptive antiviral therapy was based exclusively upon
AG assay results. After May 2010, virological moni-
toring was performed exclusively by real-time PCR
(the new Abbott Real Time CMV assay replaced the
old CMV PCR kit by May 2012). Plasma CMV
DNAemia values were normalized to the 1st WHO
International Standard for CMV for Nucleic Acid
Amplification (NAT)-Based Assays (National Institute
for Biological Standards and Control, Hertfortshire,
UK), and reported in International Units (IU)/ml
throughout the text. The conversion factor (copies/ml
to IU/ml) for these real-time PCR assays was previ-
ously defined [Clari et al., 2013]. Real-time PCR
assyays were performed following the instructions of
the manufacturer.

IL28B Polymorphism Analysis

IL28B (rs12979860) genotyping was performed by
PCR (LightMix Kit IL28B; TIB MOLBIOL, Berlin,
Germany) using the Roche Diagnostics LightCycler 2.0
following the recommendations of the manufacturer
(Insert LightMix1 Kit IL28B rs12979860; Cat.-No.
40-0588-32). Briefly, a 139bp long fragment is ampli-
fied with specific primers and analyzed in a subse-
quent melting curve analysis, using a SimpleProbe
oligomer, which is specific for the �3176C allele. The
resulting PCR fragments are detected by the SimpleP-
robe1 in channel 530. The genotypes are identified by
running a melting curve with specific melting points
(Tm). The allele T exhibits a Tm of about 51–53˚C.
Plasma samples were obtained from patients following
engraftment (collected around 30days after Allo-SCT)
to determine the donor genotype. It has been shown
that cell-free DNA in plasma in Allo-SCT is predomi-
nantly of hematopoietic origin [Lui et al., 2002]. All
patients had converted into full donor chimera at that
time. DNA was extracted with the EZ1 Virus 2.0 Kit
(Qiagen, Valencia, CA) on the BioRobot EZ1 extraction
platform (Qiagen), following the instructions of the
manufacturer. Plasma specimens had been cryopre-
served at �70˚C, and were retrieved for analysis.

Immunological Monitoring

Enumeration of CMV-specific interferon-gamma
(IFN-g)-producing CD8þ and CD4þ T cells was car-
ried out by flow cytometry for intracellular cytokine
staining-ICS- (BD Fastimmune, BD [Becton Dick-
inson and Company] Biosciences, San Jose, CA).
Whole blood samples were processed within 24–30hr
after collection (in our experience, such a delay in
specimen processing has no significant effect on the
responsiveness of T cells to CMV). Heparinized whole
blood specimens (0.5ml) were simultaneously stimu-
lated for 6 hr with two sets of 15-mer overlapping
peptides encompassing the entire sequence of pp65
and IE-1 CMV proteins (1mg/ml per peptide) in
phosphate-buffered saline/dimethyl sulfoxide [PBS/
DMSO]), obtained from JPT Peptide Technologies
GmbH (Berlin, Germany), in the presence of 1mg/ml
of costimulatory mAbs to CD28 and CD49d. Samples
mock stimulated with PBS/DMSO (without peptides)
and costimulatory antibodies or stimulated with
1mg/ml of phytohemagglutinin (Sigma–Aldrich, St.
Louis, MO) were run in parallel. Brefeldin A
(10mg/ml) was added for the last 4hr of incubation.
Blood was then lysed and frozen at 80˚C until tested.
On the day of testing, stimulated blood was thawed
at 37˚C, washed, permeabilized, and stained with a
combination of labeled monoclonal antibodies (anti-
IFN-g-FITC, anti-CD69-PE, anti-CD4, or CD8-PerCP-
Cy5.5, and anti-CD3-APC, when the IFN-g CD8þ kit
was used) for 30min at room temperature. In some
experiments, anti-CD3–APC─Cy7 (BD, Biosciences)
was used instead of anti-CD3-APC [Gim�enez et al.,
2015a,b]. Appropriate isotype controls were used (BD
FastImmune TMc2a/c1/CD8/CD3 reacting with key-
hole limpet hemocyanin; BD Biosciences). Cells were
then washed, resuspended in 200ml of 1% parafor-
maldehyde in PBS, and analyzed within 2hr on a
FACSCalibur flow cytometer using CellQuest soft-
ware (BD Biosciences Immunocytometry Systems,
San Jose, CA). Cells were first gated for lymphocytes
(SSC-A vs. FSC-A). The lymphocyte population was
analyzed for their surface expression of CD3 and
CD8 (or CD4). CD3/CD8- (or CD4-) expressing cells
were further gated for their expression of the activa-
tion marker CD69 and the intracellular cytokine
IFN-g (see Fig. S1, supplementary material). Cells
were analyzed within 2–4hr of staining on a FACS-
Calibur flow cytometer using CellQuest software (BD
Biosciences Immunocytometry Systems) or on a BD
FACScantoII flow cytometer (BD) and analyzed using
the programs BD FACS Diva Software (BD Bioscien-
ces) and Infinicyt 1.4/1.7 (Cytognos). Data files usu-
ally contained at least 1,000 positive events for CD4þ

or CD8þ within the lymphocyte gate. The total
number of CMV-specific CD4þ and CD8þ T cells was
calculated by multiplying the percentages of CMV-
specific T cells producing IFN-g on stimulation (after
background subtraction) by the absolute CD4þ and
CD8þ T-cell counts. A detectable response of >0.1%
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(two standard deviations higher than the median of
CMV-seronegative individuals) was counted as
positive.

IL-28B Measurements

Plasma specimens for IL-28B measurements had
been obtained within 2hr upon reception of blood
(samples were centrifuged at 2,000 rpm for 10min).
The plasma fraction was transferred to a new tube
and was aliquoted in small, single-use volumes to
avoid multiple freeze-thaw cycles. These samples
were stored at �80˚C until use. Plasma IL-28B levels
were determined with an ELISA kit specific for
IL-28B (Human IL-28B, Shangai SunRed Biological
Technology, Shanghai, China). The ELISA was car-
ried out strictly following the manufacturer’s instruc-
tions. The sensitivity of the assay is 0.68 pg/ml and
the linear range of quantitation is between 0.8 and
2000pg/ml. According to the manufacturer and to our
own observations (data not shown), the intra- and
interassay coefficients of variation are <10%. Optical
density was determined using a microtiter plate
reader at 450nm. All analyses and calibrations were
performed in duplicate (mean values were considered
for analyses). Long-term storage (up to 2 years) had
no effect on IL-28B measurable levels (data not
shown).

Statistical Analyses

Frequency comparisons were carried out using the
x2 test (Fisher’s exact test) for categorical variables.
Differences between medians were compared using
the Mann–Whitney U-test (two independent varia-
bles). The correlation between continuous variables
was established by the Spearman Rank test. Two-
sided exact P values are reported. A P-value <0.05
was considered to indicate statistical significance.
The IL28B SNP was in Hardy–Weinberg equilibrium
in the study groups, as determined by a x2 test using
1˚ of freedom [Bravo et al., 2014]. Pairwise compar-
isons among the different IL28B genotype groups for
each parameter were performed. Data were analyzed
with the aid of the statistical package SPSS version
20.0 (SPSS).

RESULTS

Donor IL28B Genotypes and CMV-Specific T-Cell
Levels in Allogeneic Stem Transplant Recipients

We first investigated whether the level of CMV-
specific T cells measured early after transplant
differed among the donor IL28B rs12979860 SNP
genotype groups. We selected a total of 85 patients
who had not documented CMV DNAemia prior to the
time of the first immunological analysis (performed
around day þ30) (cohort A). Patients with a preced-
ing episode of CMV DNAemia were excluded deliber-
ately, as CMV replication triggers CMV-specific T-cell

expansion, whose magnitude may differ substantially
between Allo-SCT recipients. Thirty-six of these
patients harbored the donor IL28BC/C genotype, 39
the C/T genotype and 10 were homozygous for the
minor T allele. There were no significant differences
in the clinical and demographic characteristics of
patients between the different donor IL28B genotype
groups (Table I). The age of patients was also
comparable between groups (C/C, median, 51.1 years,
C/T, median 51.0 years, and T/T, median 47.5 years;
P¼ 0.473). In this group, a trend towards a lower
incidence of CMV DNAemia was observed for
patients carrying the T/T genotype (10% vs. 26% for
C/T and C/C patients; P¼ 0.262). It must be stressed
that the incidence of CMV DNAemia in this study
group did not reflect the actual incidence of active
CMV infection in Allo-SCT patients (much higher), as
patients with CMV DNAemia occurring earlier than
the time of immunological monitoring (day þ30 in
most patients) were not taken into account for this
analysis. Peripheral CMV-specific IFN-g CD8þ T-cell
counts (total number) were available for all 85
patients. Only 42 patients (donor genotypes: 15C/C,
23C/T, and 4T/T) had CMV-specific IFN-g CD4þ

T-cell counts available for analysis. Detectable CMV-
specific IFN-g CD8þ T-cell responses were observed

TABLE I. Demographic and Clinical Characteristics of
Patients Included in Cohort A According to the Donor

IL28B Genotype

IL28B genotype
(no. of patients)

Parameter C/C C/T T/T P-value�

Sex 0.095
Female 17 11 6
Male 19 28 4

Type of transplant 0.845
Peripheral blood 32 36 10
Umbilical cord blood 2 1 0
Bone marrow 2 2 0

Type of donor 0.131
Related 26 17 7
Unrelated 10 22 3

HLA matching 0.568
HLA-matched 33 31 9
HLA-mismatched 3 7 1
Unknown 0 1 0

CMV serology 0.885
Dþ/Rþ 22 24 6
D�/Rþ 8 12 3
D�/R� 1 1 0
Dþ/R� 5 2 1

Conditioning regimen 0.481
Myeloablative 22 20 8
No myeloablative 14 19 2

Acute graft versus host disease 0.143
Grades 0–I 28 29 5
Grades II–IV 8 10 5

D, donor; R, recipient.
�x2 test.
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more frequently in T/T patients (90%) than in their
C/T and C/C counterparts (77%), although the differ-
ence did not reach statistical significance (P¼ 0.525).
In turn, detectable CMV-specific IFN-g CD4þ T-cell
responses were observed at a rather similar fre-
quency for all IL28B genotype groups (75% for TT
patients and 78% for C/T plus C/C patients;
P¼ 0.634). As shown in Figure 1, median peripheral
levels of CMV-specific IFN-g CD8þ and CD4þ T cells
were not significantly different between the compara-
tive groups.

Plasma Levels of IL-28B According to the Donor
IL28B Genotype

A total of 50 out of the 85 patients in cohort A had
at least three plasma specimens (median 4; range
3–6) obtained prior to the time of immunological
monitoring available for IL-28B quantitation (C/C,
n¼ 19; C/T, n¼ 26 and T/T, n¼ 5). Overall, plasma
IL-28B levels fluctuated over this period of time,
although no specific trend was associated with any
particular IL28B genotype (not shown). Both the
median IL28B level of all measurements per patient
(Fig. 2A) and the peak IL-28B level in these speci-
mens (Fig. 2B) were comparable between the IL28B
genotype groups. Likewise, no correlation was found
between the peak IL-28B levels and the magnitude of
CMV-specific CD8þ (Fig. 3A) or CD4þ T-cell (3B)
responses.

CMV-Specific IFN-g T Cells After the Onset of
CMV DNAemia According to the IL28B Genotype

We next investigated whether the IL28B
rs12979860 SNP had any effect on the magnitude of
the CMV-specific IFN-g CD8þ and CD4þ (when
available) T-cell responses triggered by CMV replica-
tion. Out of the 57 patients included in this cohort
(B), 25 harbored the donor C/C genotype, 23 the C/T
genotype, and 9 the T/T genotype. The three groups

did not differ significantly in terms of (i) age (C/C,
median, 52 years; C/T, median 55 years; T/T, median
48 years; P¼ 0.631); (ii) demographic and clinical pre-
and post-transplant factors known to modulate the
susceptibility to active CMV infection and end-organ
disease (Table II); (iii) The magnitude of the CMV
DNA load at the onset of CMV DNAemia (P¼ 0.560)
(Fig. 4A). This is of relevance, as the level of CMV
replication has been shown to influence the extent to
which CMV-specific IFN-g CD8þ T cells expand
[Hakki et al., 2003; Tormo et al., 2010a; 2011;
Guerrero et al., 2012]; or (iv) the time elapsed
between the onset of CMV DNAemia and the moment
at which immunological monitoring was performed
(median of around 20 days in all groups; P¼ 0.472).
The data indicated that the patients harboring the
donor IL28B T/T genotype displayed CMV-specific
IFN-g CD8þ T-cell responses of higher magnitude
(median, 1.79 cells/ml) than their C/T and C/C coun-
terparts (median, 0.45 and 0.19 cells/ml, respectively)
(Fig. 5A). The difference, however, did not reach
statistical significance. This trend, however, was not
observed for CMV-specific CD4þ T cells (Fig. 5B). In
relation to this observation, we found that the plasma
CMV DNA peak level during episodes of active CMV
infection was substantially lower in patients harbor-
ing the IL28B T/T genotype than in the latter group,
although statistical significance was not reached
(P¼ 0.118) (Fig. 4B). As a result, fewer patients in
the T/T group received pre-emptive antiviral therapy
(33% in the T/T group, 65.2% in the C/T group, and
80% in the C/C group; P¼ 0.05).

Plasma Levels of IL-28B and CMV-Specific T-Cell
Responses in Patients With CMV DNAemia

Plasma specimens obtained prior (one specimen per
patient) and during (two specimens per patient) the
episode of active CMV infection were available for 27
patients (12C/C, 13C/T, and 2T/T) in group B. All of

Fig. 1. CMV-specific T-cell responses measured in Allogeneic
stem cell transplant recipients with no prior CMV DNAemia
according to the donor IL28B (rs12979860) genotype. Peripheral
CMV pp65/IE-1-specific IFN-g-producing CD8þ and CD4þ T cells
total counts (one determination/patient) were available from 85
patients (group A). In these patients, immunological data were
obtained on day þ30 (n¼67), between days þ30 and þ50 (n¼13),

or on day þ60 (n¼5). Only 42 patients had CMV-specific IFN-g
CD4þ T-cell counts available for analysis (data obtained on day
þ30, n¼37 patients, and between days þ30 and þ50, n¼5
patients). Bars indicate median values. Differences between
medians were compared using the Mann–Whitney U-test. P values
for statistical comparisons between groups are shown (TT vs. CT
vs. CC, upper bracket; TT vs. C/T plus C/C, lower bracket).
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these samples were drawn prior to the time of
immunological monitoring. CMV-specific IFN-g-CD8þ

and CD4þ T-cell counts were available from 27 and
23 of these patients, respectively, and were enumer-
ated a median of 21 days after detection of CMV
DNAemia. The low number of patients in the IL28B
T/T group precluded any meaningful analysis via
direct comparisons of plasma levels of IL-28B
between the three groups. Nevertheless, we investi-
gated whether there was an overall correlation,
irrespective of IL28B genotype, between plasma
levels of IL-28B and CMV-specific T-cell numbers. A
significant inverse correlation was found between IL-
28B plasma levels measured prior to the occurrence
of CMV DNAemia and CMV-specific CD8þ, but not
CD4þ, T-cell levels enumerated after CMV DNAemia
onset (Fig. 6). Likewise, a trend towards an inverse
correlation between plasma IL-28 levels measured
after detection of CMV DNAemia and CMV-specific

CD8þ and CD4þ T cells was observed, although
statistical significance was not reached (Fig. 7).

DISCUSSION

An increasing body of clinical and experimental
evidence indicates that certain polymorphisms
located near or within the IL28B gene may modulate
the risk of active CMV infection and the dynamics of
CMV replication in the transplantation setting
[Bravo et al., 2014; Egli et al., 2014; Fern�andez-Ruiz
et al., 2015; Manuel et al., 2015]. In a prior study, we
showed a trend towards a lower incidence of episodes
of active CMV infection developing within 100 days
after Allo-SCT in patients carrying the homozygous
TT genotype of the IL28B (rs12979860) SNP in
comparison with their C/C and C/T counterparts
[Bravo et al., 2014]. Likewise, we reported that
patients homozygous for the T allele had episodes of

Fig. 2. Plasma IL-28B levels in Allogeneic stem cell trans-
plant recipients with no prior CMV DNAemia according to the
donor IL28B (rs12979860) genotype. Plasma IL-28B levels
(mean of duplicates) were measured in 50 Allo-SCT patients
(cohort A) who had no CMV DNAemia prior to the time of the
first immunological analysis (performed around day þ30 after
transplant). Median values of at least three plasma specimens

per patient, obtained between days 7 and 42 after transplant,
are shown in panel A. Median values of IL-28B peak concen-
trations found in these plasma specimens are shown in panel B.
Bars indicate median values. Differences between medians were
compared using the Mann–Whitney U-test. P values for statisti-
cal comparisons between groups are shown (TT vs. CT vs. CC,
upper bracket; TT vs. C/T plus C/C, lower bracket).

Fig. 3. Correlation between plasma IL-28B levels and CMV-
specific T-cell levels in patients with no prior CMV DNAemia
irrespective to the donor IL28B genotype. Plasma IL-28B levels
(mean of duplicates) were measured in 50 Allo-SCT patients (cohort
A) who had no CMV DNAemia prior to the time of the first
immunological analysis. Median values of at least three plasma
specimens per patient are shown. Correlations of plasma IL-28B

levels with CMV pp65/IE-1 CD8þ (panel A) and CD4þ (panel B)
T-cell levels are shown. Immunological data (a single blood sample
per patient) were obtained on day þ30 (n¼67), between days þ30
and þ50 (n¼13), or on day þ60 (n¼5). Only 42 patients had
CMV-specific IFN-g CD4þ T-cell counts available for analysis. The
correlation between these parameters was measured by the Spear-
man Rank test. Two-sided exact P values are shown.
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active CMV infection significantly shorter in duration
than those displaying the C allele in homozygous or
heterozygous form. Thus the data pointed to a
protective effect of the T allele against CMV
infection.
A decreased incidence of active CMV infection has

also been reported to occur in high-risk SOT patients
after suspension of antiviral prophylaxis and in
CMV-seropositive kidney recipients managed by pre-
emptive antiviral therapy strategies and carrying the

IL28B T/T genotype [Egli et al., 2014; Fern�andez-
Ruiz et al., 2015]. Likewise, Manuel et al. [2015]
reported that a functional TT/-G polymorphism
(rs368234815) in the CpG region upstream of IL28B
influences susceptibility to CMV replication in SOT
recipients not receiving antiviral prophylaxis.
Egli et al. [2014] reported that IL-28B impairs

priming of the adaptive immune response to CMV. In
line with this, recombinant IFN-l was shown to
promote the expansion of Foxp3þ regulatory T cells
[Dolganiuc et al., 2012] in vitro, which may be
detrimental to the control of CMV replication [Egli
et al., 2012].
In this context, the current work was aimed at

determining whether the donor IL28B (rs12979860)
SNP had any impact on the magnitude of CMV-
specific T-cell response in Allo-SCT recipients. We
were first interested in investigating whether this
SNP had any influence on the level of CMV-specific T
cells measured early after transplant (around day
þ30). To this end, we selected a cohort of 85 patients
who displayed no evidence of CMV DNAemia prior to
immunological monitoring and enumerated pp65/IE-
1-specific IFN-g-producing CD8þ and CD4þ T cells,
as the peripheral blood levels of these functional
T-cell populations have been shown to correlate
closely with protection from CMV viremia [Solano
et al., 2008; Tormo et al., 2011].
In this cohort, a trend toward a lower incidence of

CMV DNAemia was observed in patients with the
IL28B T/T genotype. Interestingly, detectable CMV-
specific IFN-g CD8þ but not CD4þ T-cell responses
were observed more frequently in T/T patients than
in their C/T and C/C counterparts, although median
levels of peripheral CMV-specific IFN-g CD8þ T-cell
precursors were not significantly different between
the comparative groups. Also of interest was the fact
that both the median and peak plasma IL-28B levels
measured prior to the first immunological analysis
did not differ significantly between the different
IL28B genotype groups.

TABLE II. Demographic and Clinical Characteristics of
Patients Included in Cohort B According to the Donor

IL28B Genotype

IL28B genotype
(no. of patients)

Parameter C/C C/T T/T P-value�

Sex 0.701
Female 11 9 5
Male 14 14 4

Type of transplant 0.420
Peripheral blood 18 19 6
Umbilical cord blood 6 2 3
Bone marrow 1 2 0

Donor
Related 12 13 5 0.825
Unrelated 13 10 4

HLA-matching
HLA-matched 16 17 7 0.651
HLA-mismatched 9 6 2

CMV serology 0.613
Dþ/Rþ 16 15 8
D�/Rþ 8 7 1
Dþ/R� 1 1 0

Conditioning 0.056
Myeloablative 9 5 6
No myeloablative 16 18 3

Acute graft versus host disease 0.499
Grades 0–I 17 12 6
Grades II–IV 8 11 3

D, donor; R, recipient.
�x2 test.

Fig. 4. Virological features CMV DNAemia episodes. Initial CMV DNA load (panel A) and
CMV DNA peak load (panel B) of CMV DNAemia episodes developing in patients in cohort B
are shown. Bars indicate median values. Differences between medians were compared using the
Mann–Whitney U-test. P values for statistical comparisons between groups are shown (TT vs.
CT vs. CC, upper bracket; TT vs. C/T plus C/C, lower bracket).
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We were next interested in determining whether
the magnitude of expansion of CMV-specific T cells
triggered by CMV replication varied according to the
IL28B rs12979860 SNP genotype. To address this
issue, we selected a cohort of 57 patients who had
an episode of active CMV infection prior to immuno-
logical monitoring (group B). In these patients,
enumeration of CMV-specific T cells was performed
around 20 days after the onset of CMV DNAemia.
Our data indicated that patients harboring the
IL28B T/T genotype appeared to expand CMV-
specific IFN-g CD8þ T cells to a higher level than
their C/T and C/C counterparts. This despite the
fact that the magnitude of the CMV DNA load at
the onset of CMV DNAemia was comparable
between groups. In keeping with these observations,
we found that plasma CMV DNA peak levels during
episodes of active CMV infection were markedly
lower in patients harboring the IL28B T/T genotype
than in the latter groups, and that pre-emptive
antiviral therapy was less likely to be prescribed to
IL28B T/T patients.

In patients in group B, a significant inverse
correlation between plasma IL-28B levels measured
prior to the time of detection of CMV DNAemia (and
the time of immunological monitoring) and CMV-
specific CD8þ T-cell levels was observed. Likewise, a
trend towards an inverse correlation between plasma
IL-28 levels measured after detection of CMV DNAe-
mia and CMV-specific CD8þ and CD4þ T cells was
noted. In contrast, no correlation was found between
IL-28B levels and CMV-specific T-cell responses in
patients with no documented viremia. Although spec-
ulative, these data suggested that the detrimental
effect of IL-28B on the activation and expansion of
CMV-specific CD8þ T cells may only be evident in the
context of high-level CMV replication episodes in
which the virus enters the blood compartment.
There is currently not a conclusive mechanistic

explanation accounting for the apparent protective
effect of the SNP (rs12979860) T allele against CMV
infection in transplant patients. In our hypothesis,
patients harboring the T allele in homozygous
would be capable of generating stronger functional

Fig. 5. CMV-specific IFN-g T cells after the onset of CMV
DNAemia according to the IL28B genotype. CMV pp65/IE-1
CD8þ and CD4þ T cells were enumerated in 57 patients—
cohort B—(a single determination/patient) a median of around
20days after CMV DNAemia onset in all groups. CMV-specific
CD8þ T-cell counts were available for all patients, whereas

CMV-specific CD4þ T-cell counts were available only for 27
patients. Bars indicate median values. Differences between
medians were compared using the Mann–Whitney U-test. P
values for statistical comparisons between groups are shown
(TT vs. CT vs. CC, upper bracket; TT vs. C/T plus C/C, lower
bracket).

Fig. 6. Correlation between pre-CMV DNAemia plasma IL-
28B levels and CMV-specific T-cell responses measured after
CMV DNAemia onset. (A) CMV-specific CD8þ T cells and (B)
CMV-specific CD4þ T cells. Plasma specimens obtained prior
the episode of CMV DNAemia (one specimen per patient) were
available for 27 patients in group B. All of these samples were

drawn prior to the time of immunological monitoring. CMV-
specific IFN-g-CD8þ and CD4þ T-cell counts were available
from 27 and 23 of these patients, respectively, and were
obtained a median of 21 days after detection of CMV DNAemia.
The correlation between these parameters was measured by the
Spearman Rank test. Two-sided exact P values are shown.
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CMV-specific T-cell responses upon virus replication
challenge than their C/T and C/C counterparts,
perhaps either through a more efficient activation of
antigen-presenting cells and T-cell priming, a limited
expansion of Treg cells or both.
IL-28B signals signal through an heterodimeric

receptor consisting of IL-28R1 chains and IL-10Rb,
thus inducing an antiviral state, which may partially
overlap with that mediated by type I IFNs, as well as
immunomodulatory effects [Kotenko et al., 2003;
Sheppard et al., 2003]. In support of our hypothesis,
pre-treatment of C/T fibroblasts with IL-28B led to a
dose-dependent inhibitory effect on CMV-induced
IFN-a2 mRNA expression and notably a marked
suppressive effect on antiviral ISG expression. In
contrast, anti-inflammatory ISGs (USP18 and
SOCS1), remained upregulated during CMV infection
[Egli et al., 2014]. Likewise, pre-treatment of fibro-
blasts with recombinant IL-28B blocked IFN-a2
induced STAT-2 phosphorylation [Egli et al., 2014].
In this sense, it is well known that the JAK-STAT
signaling pathway regulates the expression of a wide
array of genes involved in the activation of immune
responses upon interaction with interferons and
cytokines. We are currently planning to perform
several “in vitro” experiments which may lend fur-
ther support to our hypothesis. First, it seems crucial
to demonstrate that the above observations, made in
fibroblasts, can be reproduced in antigen-presenting
cells. Second, activation and expansion of CMV-
specific T cells and generation of Treg cells upon
infection of peripheral blood mononuclear cells with
CMV should be investigated in individuals harboring
the T/T, C/T, or C/C IL28B SNP (rs12979860)
genotypes.
The present study has several limitations that

deserve comment. First, the relatively low number
of patients carrying the donor IL28B (rs12979860)
T/T genotype included in the study undermined the
robustness of our statistical analyses. In fact, trends,
rather than statistically significant associations,

were found throughout these analyses. Although
speculative, it is likely that more consistent data
could have been obtained had we included more
IL28B T/T patients. Unfortunately, given the scarce
representation of the T/T genotype among Cauca-
sians, recruiting a sufficient number of T/T patients
was out of our reach. In this sense, a multicenter
and adequately powered study is warranted to test
our hypothesis. Second, the use of non-uniform
strategies of pre-emptive antiviral therapy at the
participating centers as well as the use of methods
for virological monitoring displaying different sensi-
tivities (pp65 antigenaemia and commercially avail-
able real-time PCR methods with different limits of
detection and quantitation) could have influenced
our observations. Third, due to the retrospective
nature of our study, a number specimens were not
available for immunological measurements. Fourth,
the lack of follow-up specimens for determining
precisely the kinetics of CMV-specific T-cell expan-
sion after CMV DNAemia detection. Fifth, it is
uncertain whether plasma levels of IL-28B correlate
with those in organs and tissues. Likewise, the
immunomodulatory effect of IL-28B may depend on
the extent of expression and distribution of IFN-l
receptors in tissues rather than on IL-28B levels
[Dolganiuc et al., 2012].
In summary, the data reported herein suggested

that Allo-SCT recipients harboring the donor IL28B
(rs12979860) T/T genotype may expand CMV-specific
functional T cells to a higher extent than C/T and
C/C patients, which may result in better control of
CMV replication early after transplant. Nevertheless,
due to the limitations acknowledged above, further
studies including larger cohorts are needed to vali-
date our observations.
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Fig. 7. Correlation between plasma IL-28B levels and CMV-
specific T-cell responses measured after CMV DNAemia onset.
(A) CMV-specific CD8þ T cells and (B) CMV-specific CD4þ T
cells. Plasma specimens obtained after CMV DNAemia detection
were available for 27 patients in group B. All of these samples
were drawn prior to the time of immunological monitoring.

Median levels of two determinations/patients are shown. CMV-
specific IFN-g-CD8þ and CD4þ T-cell counts were available from
27 and 23 of these patients, respectively, and were obtained a
median of 21days after detection of CMV DNAemia. The
correlation between these parameters was measured by the
Spearman Rank test. Two-sided exact P values are shown.
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