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ABSTRACT. We describe the case of a 20-year-old female patient
who died 4 months after the diagnosis of a glioblastoma (GBM). The
tumor emerged nearly a month after a Chikungunya (CHIKV)
infection and displayed positivity to Citomegalovirus (CMV) DNA.
The immunohistochemical studies revealed GFAP positivity in rare
cells, IDH-1 positive, vimentin positive, ATRX positive, Ki-67
positive in 35% of neoplastic cells, and p53 and synaptophysin
negativity. No mutations of the suppressor gene TP53 (exons 4-10)
or in the hotspots of the oncogenes NRAS/KRAS (exons 1-2) were
found in the tumor, and the MGMT promoter was hypermethylated.
Our patient was not subject to any known cancer risk factors, but our
findings suggest the contribution of CHIKV and CMV for the fast
tumor progress.
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INTRODUCTION

Gliomas are tumors of the central nervous system, derived from progenitor glial cells, causing diffuse a
nd infiltrative lesions. Among the diffuse gliomas, glioblastoma (GBM) represents the most malignant type. Rec
ently the molecular information was introduced into the classification of the diffuse gliomas (Louis et al., 2016).
It was estimated that 11,320 new cases of central nervous system tumors will occur in Brazil alone in 2018-2019
(Instituto Nacional de Cancer, 2018). The discovery of viruses and genetic alterations has brought great contribu
tions to the understanding of the pathways involved in glial oncogenesis.

CASE REPORT

A 20-year-old female student of African descent, without a family history of cancer and without expos
ure to toxic agents, born in the city of Rio de Janeiro where she resided, presented in April 2016 with an arbovir
al disease (cutaneous rash, artrlagia, and fever). A blood test was performed at the Pedro Ernesto Hospital (HUP
E) of the State University of Rio de Janeiro (UERJ) and IgM+ was detected for the Chikungunya virus (CHIKV)

One month later, the patient presented with three seizures (two focal motor in the right hemiface and on
e generalized tonic-clonic). Magnetic resonance imaging (MRI), including an angiogram (MRA) excluded any |
esions. In the following month cranial magnetic resonance imaging was performed, which detected a non-specifi
c lesion, hyperintense in FLAIR/T2 in the front parietal region of the left hemisphere, without restricted diffusio
n (DWI) and without contrast enhancement (Figure 1). By this time she was taking Phenytoin 300 mg per day, P
henobarbital 150 mg per day, Oxcarbazepine 900 mg per day, and Clonazepam 0.5 mg 8/8 hours.

In December 2016, as the seizures persisted (focal clonic contractures of the labial commissure), the p
atient was hospitalized for adjustment of anticonvulsants: withdrawal of Hidantal and Phenobarbital; Clonazepa
m was replaced by Clobazam 10 mg 8/8 hours; and Oxcarbazepine was increased to 1,200 mg per day. A new cr
anial MRI showed that the left front parietal lesion had evolved to a heterogeneous form, with restriction foci (D
WI) and meningeal enhancement. In January 2017 the patient presented with right hemiparesis. In February 201
7 the patient underwent a biopsy. The pathological report of neovascularization and necrosis sites was consistent
with glioblastoma multiforme (GBM). GBM is a highly aggressive diffuse astrocytic tumor, which is rare ata y
oung age.
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Figure 1: Evolution of lesions by magnetic resonance imaging of the brain with axial T-2 weighted images (May 2016 - a, b,
and c, and December 2016 - d, ¢, f, g, h)

Notes:

la - FLAIR shows expansive poorly defined lesion at left cortical -subcortical fronto-parietal region, extending to deep white
matter and associated with effacement of the adjacent cortical sulcus.

1b - T1 weighted post gadolinium does not show lesion enhancement.
1c - Diffusion does not show signals of restricted diffusion.
1d - FLAIR shows more irregular and heterogenous expansive lesion than previous MRI.

1le - T1 post-gadolinium shows heterogeneous lesion with impregnation by the contrast medium and contiguous abnormal m
eningeal enhancement.

1f and 1g - DWI and ADC maps exhibit restriction signals of the water diffusibility, related to tumor hypercellularity.
1h - T2 image shows hyperintense focal area of cystic/necrotic degeneration.

Because of rapid evolution of the patient’s symptoms, the Neurology team of HUPE requested addition
al molecular analysis of the tumor, and contact with the team of the Circulating Biomarkers Laboratory in UERJ
was established. At biopsy, a small tumor sample was collected for molecular analyses and the proposed molec
ular approaches were submitted and approved by the HUPE ethical committee (number 76699717.8.0000.5259).
The father of the patient signed the consent.

The Neurosurgery team did not consider surgical removal of the tumoral lesion since it spanned throug
h eloquent areas in the left temporal and parietal cortices. Considering the rapid progression of the disease, the o
ncology team external to HUPE determined that treatment with the alkylating chemotherapeutic agent Temozolo
mide (TMZ) would not be effective for the patient. In fact, considering her decreased level of consciousness, she
was referred to hospitalization at an Intensive Care Unit.

In May 2017, the patient was intubated due to the decrease in consciousness secondary to intracranial h
ypertension in the context of oedema and tumoral bleeding (KPS 10). The patient died on June 3, 2017. Overall
survival (counting from the diagnosis date) was 4 months, although the first symptoms had emerged one year be
fore.
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Virus detection

As for the molecular approaches, DNA and RNA were extracted from the tumor sample. DNA was extrac
ted by the Phenol-Chroroform method and the RNA by TRIzol® reagent according to the manufacturer’s instruc
tions (InvitrogenTM).

CHIKYV expression was assayed by quantitative PCR (qPCR), and the RNA was retro-transcribed into cD
NA and amplified in a single step, which was accomplished by following the protocol of the PROBE One-Step
RT-gPCR Kit (LGC Biotechnology) with primers provided by the Centers for Disease Control and Prevention (
CDC Trioplex Real-time RT-PCR Assay Primer and Probe Set; CDC, catalog #KT0166.). The amplification wa
s performed with the 7500 Real Time PCR System (Applied Biosystems) with a final volume of 25 uL. Also inc
luded were a negative control (no DNA) and the positive control Trioplex RT-PCR Assay Positive Control Set;
CDC, catalog #KT0167.

The presence of DNA from CMV (cytomegalovirus), EBV (Epstein-Barr virus), HPV (human papillomav
irus), HPyV (human polyomavirus), and VZV (of varicella-zoster virus) was screened by conventional PCR (De
mmler et al., 1988; Saito et al., 1989; Manos et al., 1989; Arthur et al., 1989; Abe et al., 1998, respectively). Th
e amplified PCR products were analyzed by 10% polyacrylamide gel electrophoresis and silver stained.

Mutation screening

Screening of mutations in the tumor suppressor gene TP53 (exons 4-10) and in the hotspots of the oncoge
nes NRAS/KRAS (exons 1-2) was assessed by loading onto an ABI 3730XL DNA Analyzer. Details of the sequ
encing reaction and the analysis can be seen in our previous publication (Leite et al., 2017).

Methylation

The Methylation-Specific PCR (MSP) method was applied for MGMT with the primers described previou
sly (Esteller et al., 2000). The tumor DNA was subjected to the bisulfite conversion reaction using the EpiTect B
isulfite Kit (Qiagen, cat # 59104). The amplified PCR products were analyzed by 10% polyacrylamide gel electr
ophoresis and silver stained.

RESULTS

The tumor immunohistochemical studies revealed GFAP positive in rare cells, IDH-1 positive, vimenti
n positive, ATRX positive, and Ki-67 positive in 35% of neoplastic cells, in addition to p53 and synaptophysin
negatives. The CHIKV expression was assayed by gPCR was negative. The PCR-based test detected the presenc
e of CMV (cytomegalovirus) alone (Figure 2). No mutations at the hotspots of NRAS/KRAS or in TP53 were d
etected by Sanger sequencing. The MSP-PCR test revealed hypermethylation of MGMT hypermethylation (Figu
re 3).

MW C+ C- GBM

400 vp [

Figure 2: CMV detection by PCR

Note: The PCR products were loaded in the nondenaturing 10% polyacrylamide gels stained with silver. MW= molecular w
eight (Ladder 100 bp, Invitrogen Tech-Line, USA), GBM (Glioblastoma), C+ positive control, C- Negative control, GBM (
Glioblastoma).
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MW GBM C+ C-
M U M U M U

81bp

Figure 3: MGMT promotor methylation-specific PCR (MSP)

Note: The PCR products were loaded in the nondenaturing 10% polyacrylamide gels stained with silver. MW= molecular w

eight (Ladder 50 bp, Ludwig Biotecnologia, Brazil); GBM (Glioblastoma) - DNA methylated (M) and unmethylated (U), res

pectively; The DNA Methylated Universal Standard (Zymo Research, USA, cat # D5012) was used as positive control (C+);
C- Negative Control.

DISCUSSION

The CHIKV emerged in Brazil in 2014 and is transmitted through Aedes aegypti mosquito bite (Vega-
Rua et al., 2014; Nunes et al., 2015). The acute phase of CHIKV infection typically lasts from a few days to a co
uple of weeks. In contrast to the acute phase, the chronic phase of the disease has not been extensively investigat
ed. Recurrent joint pain, which can last for years in some cases, is experienced by 30-40% of those infected, alt
hough this is not thought to be a result of chronic infection, as infectious virus cannot be isolated from these pati
ents (Schwartz and Albert, 2010). CHIKV seems to infect the stromal cells of the central nervous system and, in
particular, the lining of the choroid plexus. Recent outbreaks of Chikungunya have been associated with unusua
| severity and neurological sequelae (Rampal et al., 2007; Inglis et al., 2010; Schwartz and Albert, 2010). Additi
onally, CHIKV was able to infect and to activate U-87 MG cells, a glioblastoma cell line of human astrocyte ori
gin (Abraham et al., 2013).

The CHIKYV expression test was important to exclude the eventual persistence of the CHIKV expressi
on within the tumor. However, the infection by CHIKV was closely followed by the appearance of the first sym
ptoms and the rapid progression of the tumor, suggesting that this virus might have contributed to tumor growth
by means of inflammation. The close relationship between cancer and inflammation is well known (Grivennikov
et al., 2010; Hanahan and Weinberg, 2011, Hanahan and Coussens, 2012). The inflammatory microenvironmen
t activates cells of the immune system that enhance tumor progression (Zanotto-Filho et al., 2017). CMV is a me
mber of the Herpesviridae family, and often causes asymptomatic infections, but in some cases CMV can cause
harm to human health (Slobedman and Mocarski, 1999; Brytting M et al., 1992). Evidence of the participation o
f CMV in gliomas has emerged recently (Cobbs et al., 2002; Cobbs, 2011; Mitchell et al., 2008; Lucas et al., 20
11; Fonseca et al., 2012). An immune-based therapy has the potential to improve GBM patients’ outcome by su
pplementing standard treatment with chemotherapy (Schuessler et al., 2014). Unfortunately, our patient had no ¢
hance to be included in a clinical trial for CMV treatment that could have benefitted her.

The absence of mutations in TP53 was in agreement with the p53 negative immunohistochemistry re
sult. Mutations in the oncogenes NRAS/KRAS do not represent an important prognosis or predictive biomarker
in GBM; nevertheless, we assessed their DNA sequences because mutations in these oncogenes are frequent in
many types of tumors, promoting tumor progression. The DNA repair protein O 6-methylguanine-DNA methylt
ransferase (MGMT) is important to the treatment of GBM. Active MGMT removes alkyl groups from DNA, the
reby reducing the efficacy and promoting cancer cell resistance to TMZ. The test of MGMT hypermethylation (
gene inactivation) was positive but this finding was useless. Unfortunately, as mentioned before, the Oncology t
eam evaluated that due to the rapid progression of the disease (KPS 30), the TMZ therapy would be ineffective (
Alonso et al., 2017).
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GBM can be either pediatric or adult, or primary (developing de novo) or secondary. In the case of our
patient, her age (20 years) was borderline between pediatric and adult. Considering the adults” biomarkers, a GB
M with mutation at IDH-1 (Isocitrate Dehydrogenase Gene 1) is characteristic of secondary GBM, being rare in
primary GBMs (Ohgaki et al., 2016; Jiao et al., 2012). In the case of our patient, the clinical history suggests a v
ery fast evolving tumor of astrocytic lineage ending in a secondary GBM, as the first imaging of the tumor was
not suggestive of GBM, thereby making the secondary GBM hypothesis more plausible. It is possible that CHIK
V and CMV had a role in the tumor’s fast progression by means of inflammation. On the other hand, mutations i
n TP53, which are common in the secondary adult GBMs and in the pediatric GBMs, were not detected in the tu
mor of our patient, making this case genetically unusual (Haynes HR, 2014).

The tumor of our patient was positive by immunohistochemistry for IDH-1 and ATRX. Alterations in |
DH are found in <5% of pediatric GBMs although it is seen in adolescents with greater frequency (Haynes et al.
, 2014). Alterations in IDH-1 are considered an independent favorable prognosis marker, as they imply a second
ary GBM; however, the altered IDH-1 did not promote a longer survival of our patient. ATRX is a critical chro
matin modifier and is responsible for the lengthening of telomeres in GBM. Mutations in ATRX were found in
7% of the adult GBMs and in 14-31% of the pediatric GBMs (Jiao et al., 2012). ATRX inactivation was associat
ed with mutations in TP53 and in IDH-1 (Jiao et al., 2012; Haynes et al., 2014). However, in our case the ATRX
alteration was concordant only with the alteration in IDH-1.

CONCLUSION

Here we describe the case of a 20-year-old female of African descent who died due to a GBM that did
not present mutations in TP53 nor in NRAS/KRAS, although MGMT hypermethylaton was positive. In contrast
to most prevalent cancers, the etiology of brain tumors in adolescents is still little understood. Our patient was n
ot subject to any known cancer risk factors, but our findings suggest the contribution of Citomegalovirus (CHIK
V) and Chikungunya (CMV) for the fast tumor progression.
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