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Abstract
In the current study, a 58-year-old male patient presented with recurrent glioblastoma multiforme (GBM). The patient underwent
surgical resection, 4 months earlier, followed by radiotherapy and chemotherapy. During the second surgical intervention,
tumour tissue and whole blood were sampled and analysed for human cytomegalovirus (HCMV) DNA, immediate early (IE)
mRNA and pp65 mRNA. HCMV DNA was detected only in the recurrent tumour tissue but not in the whole blood. Neither IE
mRNA nor pp65 mRNA was expressed. Our result suggests HCMV latency in the brain tumour with detectable level of viral
DNA. More data are needed to understand the HCMV infection chronology in the brain tumours but our data could be important
for further studies of HCMV antigens on the tumour surface and anti-GBM therapy.
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Introduction

In the past decades, the role of HCMV infection in the devel-
opment and progression of brain tumours became a source of
scientific research and debate. Even during the latency,
HCMV is able to modify the oncogenic phenotype of the cell,
through the so-called mechanism of oncomodulation by
disturbing critical signalling pathways (Cinatl et al. 1996).
Primary and secondary brain tumours have been found posi-
tive for HCMV proteins and nucleic acids, but adjacent non-
tumoral brain tissue was negative (Cobbs et al. 2002; Mitchell
et al. 2008). Moreover, GBM patients with low viral blood
load have longer OS time compared with patients with high
viral blood load (Rahbar et al. 2013).

The aim of our study is to present a case report of Bulgarian
patient with recurrent GBM and detection of HCMV DNA
only in the tumour tissue but not in whole blood.
Additionally, the analysis of viral immediate early (IE) protein
mRNA and pp65 mRNA showed lack of expression. Our
result suggests HCMV latency in the brain tumour with de-
tectable level of viral DNA. There are not enough data of
HCMV latency in the brain tumours but our data could be
important for further analyses of HCMV antigens on the tu-
mour cell surface and the development of targeted anti-
HCMV and anti-GBM therapy.

Case report

A 58-year-old man was diagnosed with GBM. First surgical
operation was 4 months earlier, after 1-month clinical history
of left-sided hemiparesis and right-sided headache, with brief
focal seizures of probable right-sided insular origin. Brain
magnetic resonance imaging (MRI) revealed glial tumour in
the right insula (Fig. 1a). Complete tumour resection using
intraoperative neuromonitoring was performed (Fig. 1b).
Histopathological examination identified GBM (WHO grade
IV). Approximately 20 days after the operation, the patient
was referred for chemo- and radiotherapy. Postoperative
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medical treatment included dexamethasone 8 mg/day and le-
vetiracetam 1000 mg/day.

Four months later, the patient was readmitted for somno-
lence, worsening of the hemiparesis, dysarthria and locomotor
ataxia. Brain MRI showed GBM recurrence in the right inter-
nal capsule and basal ganglia (Fig. 1c).

Blood and biochemical analyses were normal. Reoperation
under intraoperative neuromonitoring with subtotal tumour
resection because of basal ganglia involvement was per-
formed. Postoperative medical treatment was not changed.
The patient succumbed 6 months later.

The patient provided a written informed consent and the
Ethical Committee of Medical University Sofia approved the
study. During the second surgical resection, whole blood and
tumour tissue were collected. DNA was extracted using
phenol:chloroform:isoamyl alcohol (25:24:1). Proteinase K
(100 μg/mL) was used for digestion. DNA was precipitated
with 3 M ammonium acetate and ethanol. Pellets were

resuspended in 100 μL of TE buffer and stored at − 20 °C.
AmpliSens® CMV–FEP PCR kit with specific primers for
targeted detection of HCMV Pol gene was used and the reac-
tion was carried out according to the manufacturer’s instruc-
tions (AmpliSens, Russia).

In order to analysed HCMV reactivation, we analysed viral
tegument protein—pp65 and immediate early (IE) mRNAs.
Total RNA was extracted using RNeasy Mini Kit (Qiagen).
DNase I treatment was performed of the eluted total RNA.
Reverse transcription was carried out using the RevertAid
First Strand cDNA synthesis kit (Thermo Fisher Scientific)
according to the manufacturer’s instructions. Primer se-
quences for detection of pp65 and IE cDNA are as follows:
5′–GTACCTGGAGTCCTTCTGCG-3′, 5′–CATCCAGC
ATGATGTGCGAG-3′, 5′–CTCTGTCCTCAGTAATTGTG
GCTG-3′ and 5′–GCAACTTCCTCTATCTCAGACACTG-
3′. Primers for glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) gene with the following sequence: 5′-ACCACA

Fig. 1 a Preoperative MRI
visualization of GBM. b
Postoperative MRI, after
complete resection. c Recurrence
of GBM medial to the previous
location
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GTCCATGCCATCAC-3′ and 5′-TCCACCCTGTTGCT
GTA-3′ were used as an internal control (Kala et al. 2015).
Positive and negative controls were included for mRNA ex-
pression analyses. A sample with an active HCMV infection
was used as a positive control after obtaining a written in-
formed consent from the patient.

PCR was conducted using 10 μL cDNA, 10 μM of each
primer and 5x HOT FIREPol “EvaGreen” qPCR Supermix
(Solis BioDyne) according to the manufacturer’s instructions.
The PCR conditions were as follows: 95 °C for 12 min, 35 cy-
cles of 95 °C for 15 s and 60 °C for 30 s. All the PCR reactions
were performed on real-time PCR—DTPrime (DNA
Technology, Russia). Additionally, information about the ge-
netic aberrations detected in the tumour tissue was provided.

Discussion

More than 15% of cancers are due to infectious agents. The
untreated inflammation has the potential to generate reactive
oxygen species (ROS) and trigger neoplastic transformation
(Plummer et al. 2016). There are lots of controversial reports
regarding HCMV related to brain tumours. High rate of
HCMV DNA in peripheral blood has been observed in 80%
of the tested patients (Mitchell et al. 2008). Contrary, Lehrer
et al. (2015) have not found HCMVDNA in their group of 14
patients. It is clear that the suppressed immune microenviron-
ment, around the GBM, is a perfect condition for reactivation
of the latent HCMV (See et al. 2015).

In the Bulgarian patient, HCMV DNA was positive in the
recurrent GBM tumour tissue but negative in whole blood.
Additionally, we analysed the expression of mRNA of pp65
(tegument protein with immunomodulatory role) and IE (one
of the first transcribed genes during HCMV lytic infection)
but did not find any expression of these two genes. Our data
suggests that there was little or no virus replication, typical for
HCMV latent state. During the virus latency, different genes
like US28 and LUNA (latency unique nuclear antigen) are
expressed and their products regulate the cell signalling path-
ways and can trigger the host immunity (Duan et al. 2014).
Schneider et al. (2017) have reported positive serum anti-
HCMV IgM and IgG in patients with high-grade gliomas,
but they have not detected any viral DNA in peripheral blood
of the IgM positive patients. Probably, anti-HCMV IgM was
triggered by latency-related HCMV genes or by locally
reactivated brain tumour infection.

The lack of mRNA expression might also be due to the
following:

– The sample age—the sample was collected 2 years before
the mRNA analysis and mRNA degradation is possible.

– Low sensitivity of these markers—there are data that
mRNA of IE is less sensitive markers in the late phase
of HCMV infection (Revello et al. 2001).

– Heterogenic distribution of HCMV in brain tumour
cells—although part from one tumour, different tumour
cells used for DNA and mRNA isolation and analyses
may content HCMV infection in different phases.

Probably HCMV is not distributed to all GBM cells and
single-cell analyses might elucidate the chronology of HCMV
latency, reactivation and gene expression. HCMV has affinity
to GBM stem cells and the process of oncomodulation further
increases GBM malignancy and stemness (Soroceanu et al.
2015). It is known that the higher levels of HCMV virions
are associated with poorer prognosis in GBMpatients (Rahbar
et al. 2013).

The genetic profiling of the analysed tumour tissue showed
negative prognostic factors like the lack of MGMT promoter
methylation, the EGFR amplification, the IDH-1/2-wild type
and the CDKN2A deletion are related to a more aggressive
tumour nature (Table 1).

The current treatment for GBM is the maximal and safe
surgical resection, followed by radiation therapy and chemo-
therapy (Orringer et al. 2012). Nevertheless, GBM is still
“hard-to-treat” tumour with low long-term survival and high
rate of tumour recurrence. Novel more effective and specific
anti-GBM therapies are in huge demand. Interestingly,
HCMV has a high affinity for GBM stem cells that are in
the basis of GBM resistance and recurrence (Soroceanu
et al. 2015). The subventricular zone, reach in GBM stem
cells, is a place where the mouse cytomegalovirus frequently
reactivates from latency (Tsutsui et al. 2002). Some of the
anti-HCMV drugs like cidofovir (Hadaczek et al. 2013) and
valganciclovir (Stragliotto et al. 2013) have shown some pos-
itive effects on GBM. Recent clinical trials tested autologous
dendritic cells targeting HCMV protein—pp65 and cytotoxic
CMV-specific T cells in combination with standard anti-GBM
therapy, and reported increased OS to 41.1 and 79.8 months
respectively. Furthermore, few long-term survivors have been

Table 1 Genetic aberrations detected in the tumour tissue

Gene Status

IDH 1/2 Normal (wild type)

MGMT promoter methylation Negative

EGFR Amplification

CDKN2A Deletion

TP53 Normal (wild type)

IDH isocitrate dehydrogenase;MGMT O6 -methylguanine-DNA methyl-
transferase; EGFR epidermal growth factor receptor; CDKN2A cyclin-
dependent kinase inhibitor 2A; TP53 tumour protein p53
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reported (Batich et al. 2017; Schuessler et al. 2014). The
emerging amount of scientific data on HCMV in brain cancer
patients indicates the usefulness of HCMV status monitoring.

There are not enough data on the HCMV chronology of
latency and reactivation in human GBM. Probably HCMV
latency state could explain the better therapeutic effect of
anti-HCMV immunotherapy targeting different viral proteins
than ant i -HCMV medicat ions l ike cidofovir and
valganciclovir inhibiting mainly viral DNA synthesis
(Hadaczek et al. 2013; Stragliotto et al. 2013).

In conclusion, in our patient, HCMV DNA was detected
only in the recurrent tumour tissue but not in whole blood.
Additionally, neither IE mRNA nor pp65 mRNA was
expressed in the analysed sample, suggesting a latent infection.
More data are needed to understand the mechanisms and chro-
nology of HCMV latency and reactivation in GBM, its poten-
tial to trigger a HCMV-specific immune response and the de-
velopment of anti-HCMV immunotherapy for GBM treatment.
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