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ABSTRACT

AIM: To evaluate the frequency and prognostic significance of microsatellite instability (MSI) in patients with glioblastoma (GBM), an
immunohistochemical analysis of mismatch repair (MMR) proteins was performed.

MATERIAL and METHODS: A total of 71 patients with GBM who underwent surgery between 2011 and 2019, were included in
the study. MMR protein expression was examined using immunohistochemistical analysis of tumor tissue samples; the association
between the MMR status and clinicopathological findings was evaluated.

RESULTS: Immunohistochemical analysis revealed expressions of MLH1, MSH2, MSH6, and PMS2 proteins in 67 (94.4%), 65
(91.5%), 67 (94.4%), and 64 (90.1%) patients, respectively. Among the 71 patients, 64 (90.1%) expressing all MMR proteins were
considered microsatellite stable (MSS), and 7 (9.9%) patients showing loss of at least one of the MMR proteins were considered
to show MSI. Tumor recurrence was noted in 25 (39.1%) patients in the MSS GBM group, and 4 (57.1%) patients in the MSI GBM
group (p=0.433). The overall median survival was 30.65 + 5.1 and 10.71 + 5.2 months in the MSS GBM and MSI GBM groups,

respectively (p=0.059).

CONCLUSION: The results of this study showed no significant relationships between MMR protein expression and recurrence rates

or overall survival in patients with GBM.
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B INTRODUCTION

lioblastoma (GBM) is the most common and aggressive
type of brain tumor in adults (19,21). The standard

treatment for GBM is surgical resection followed by
local radiotherapy and concomitant chemotherapy with
the DNA-methylating agent, temozolomide (30). Despite
these treatment modalities, prognosis of GBM is poor with
a median overall survival of less than 1 year after diagnosis
(19,21). However, the observation that some patients with
GBM showed unexpected life spans and prognoses led
investigators to search for molecular pathways that might be

responsible for these heterogeneities in survival of patients with
GBM. Microsatellite instability (MSI) is one of the investigated
molecular mechanisms and has been related to prognosis and
treatment response in some studies (9,20,22,23,28,29,31).

Microsatellites are short, repeated DNA sequences and are
spread throughout human genome. These sequences are
extremely prone to DNA replication errors that are readily cor-
rected by DNA mismatch repair (MMR) system (3). Therefore,
DNA MMR deficiency is a major cause of genomic instability
that results in the accumulation of numerous mutations in
microsatellite sequences and leads to MSI. MSI has also been
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demonstrated as an independent prognostic factor in several
tumor types such as colonic and endometrioid adenocarcino-
mas (3,23,28,29,31). The main DNA MMR proteins associated
with MSI by inactivation are MutL Protein Homolog 1 (MLH1),
MutS Protein Homolog 2 (MSH2), MutS Protein Homolog 6
(MSH6), and Postmeiotic Segregation Increased 2 (PMS2) (3).
In this study, we investigated the frequency and the prognos-
tic effect of MSI by evaluating the expression of MMR proteins
in GBM.

B MATERIAL and METHODS

The present study includes 71 patients with GBM who
underwent surgery between 2011 and 2019 at Baskent
University, Department of Neurosurgery. Clinical data were
obtained from patient records. All pathological specimens
were reevaluated by two pathologists, and diagnosis of GBM
was confirmed based on the 2016 World Health Organization
(WHO) criteria (19). Isocitrate dehydrogenase (IDH; mouse
monoclonal, clone H09) immunohistochemistry (IHC) was
performed for samples obtained from 15 (21.1%) patients.
None of these patients displayed IDH positivity. All 15 patients
were categorized as GBM IDH wild-type without further need
of IDH gene sequencing (age >55 years). The remaining 56
patients in whom neither IDH immunohistochemistry (IHC)
nor IDH gene sequencing were performed were classified as
GBM not otherwise specified. None of the patients received
radiation or chemotherapy before tumor resection. The study
protocol was approved by the local Ethics Committees of the
Baskent University.

Representative tumor areas with 3-pm thickness were
sectioned in paraffin blocks and transferred to poly-L-lysine-
covered slides. Immunohistochemical staining procedure
was automatically conducted through DAKO Omnis device
using EnVisionFLEX IHC kits. Sections were kept in an
incubator at 60°C for 60 minutes. Clearify (Dako) solution was
applied on the sections in the device at 25°C for 1 minute
for deparaffinization. Sections were then subjected to antigen
retrieval to regain antigens. Tissue sections were boiled in
EDTA buffer (EnVFLEX HRS, high pH) at 97°C for 30 minutes
for MSH2, MSH6, MLH1, and PMS2 antibodies. After rinsing,
the tissue sections were incubated with MSH2 (Monoclonal
Mouse, RTU, clone FE11, Dako), MSH6 (Monoclonal Rabbit,
RTU, clone EP49, Dako), MLH1 (Monoclonal Mouse, RTU,
clone ES05, Dako), and PMS2 (Monoclonal Rabbit, RTU,
clone EP51, Dako) antibodies for 30 minutes. Subsequently,
tissues processed with primary antibodies were treated with
the peroxidase solution of the kit (EnV FLEX Peroxidase-
Blocking Reagent, Dako) for 3 minutes to prevent background
staining. Tissues were incubated with EnVFLEX/HRP solution
for 20 minutes after rinsing. Working solution (EnVFLEX
Substrate Working Solution, Dako) containing chromogen and
enzyme substrate was applied to the sections for 5 minutes
at room temperature, and the sections were rinsed with
distilled water. Lastly, counter staining was performed with 5
minutes of hematoxylin staining. The slides were processed
with alcohol and xylene and were covered. Tumors with intact
immunohistochemical expression of all four MMR proteins
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were considered microsatellite stable (MSS), whereas tumors
with loss of immunohistochemical expression of one or
more MMR proteins were considered to show MSI (3). The
association between the MMR status and clinical parameters
were evaluated.

Descriptive statistics are demonstrated as mean, median,
standard deviation, percentages, and range. Categorical
variables were compared using Chi-Square test, whereas
continuous variables were compared using Kruskal-Wallis
and Mann-Whitney U tests. Kaplan-Meier method and log-
rank analysis were used for actuarial rates of outcome and
related factors. All analyses were performed using SPSS
software (IBM Corp. Released 2011. Version 20.0.Armonk,
NY). Probability values of <0.05 were considered as significant.

B RESULTS

Among the 71 patients, 41 (57.7%) were male and 30 (42.3%)
were female, with a median age of 58.6 years (range, 3-85
years). The frequencies of tumor location were as follows:
19 (26.8%) in the frontal, 12 (16.9%) in temporal, 22 (31%)
in parietal, 8 (11.3%) in occipital, 5 (7%) in frontoparietal,
2 (2.8%) in parietotemporal, 1 (1.4%) in frontotemporal,
and 2 (2.8%) in cerebellar regions. In 50 (70.4%) patients,
macroscopic total tumor removal was possible, whereas in 21
(29.6%) patients, subtotal tumor removal could be performed.
None of the patients received preoperative neoadjuvant
therapy. Recurrence was detected in 29 (40.8%) patients, and
the mean recurrence period was 11.44 + 10.7 months (range,
2-53 months). In total, 47 (66.2%) patients died owing to
cancer, and the mean survival was 15.45 + 13.51 months from
the date of initial diagnosis. The remaining 24 (33.8%) patients
were still alive at the time of study, with a mean survival of
29.47 + 26.14 months. Clinicopathological characteristics of
the patients are summarized in Table I.

On performing immunohistochemical evaluation, MLH1
expression was detected in 67 (94.4%), MSH2 expression
in 65 (91.5%), MSH 6 expression in 67 (94.4%), and PMS2
expression in 64 (90.1%) patients. The loss of MLH1, MSH2,
MSH6, and PMS2 expression was detected in 4 (5.6%),
6 (8.5%), 4 (5.6%),and7 (9.9%) patients, respectively. The
details of immunohistochemical expression of MMR proteins
are summarized in Table Il. Out of 71 patients with GBM, 7
(9.9%) patients exhibited loss of expression for at least one
MMR protein; 3 showed complete loss of all proteins (Figure
1A-E); 3 showed loss of two proteins (MLH1 and PMS2 were
lost in one patient; MSH2 and PMS2 were lost in 2 patients);
and 1 patient showed loss of three proteins (MSH2, MSHS6,
PMS2). The remaining 64 patients (90.1%) were positive for
four MMR proteins (Figure 2A-E). Consequently, 64 patients
expressing all MMR proteins were considered MSS, and
7patients showing loss of at least one of the MMR proteins
were considered to show MSI. Accordingly, the frequency
of MSI in GBM was found to be 9.9% in our study group.
The most frequently lost MMR protein was PMS2, which was
negative in all patients with MSI. Among the 15 patients in
whom IDH IHC was performed, 14 showed MSS, whereas
only 1 patient showed MSI.
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Table I: Clinicopathological features of Patients with Glioblastoma
(n=71)

Table II: Immunohistochemical Expression of Mismatch Repair
Proteins in Glioblastoma

Characteristic Value Mismatch Repair Protein- n %
i . Expression °
Age at diagnosis, (years) 58.6 (3-85)
Median (range) ’ MLH1
: . - 4 5.6
:;::;?:1 tjrzntm;)e (months) 16.1 (0-90) ()
g (+ 67 94.4
L o
Characteristic n %o PMS2
Gender ) 7 9.9
Male 41 57.7 +) 64 90.1
Female 30 42.3 MSH 2
Tumor location ) 6 8.5
Frontal 19 26.8 ) 65 915
Temporal 12 16.9 MSH 6
Parietal 22 31 ) 4 5.6
Occipital 8 11.3 ) 67 94.4
Frontoparietal 5 7
Parietotemporal 2 2.8 The most frequent locations were parietal (n=20, 31.2%),
Frontotemporal 1 14 frontal (n=15, 23.4%), and temporal (n=11, 17.1%) regions
in MSS patients. Recurrence was observed in 25 (39.1%) of
Cerebellar 2 2.8 64 patientswith MSS and 4 (57.1%) of 7 patients with MSI
Surgery (p=0.433). Recurrence rates in patients with MSS and MSI
GBM did not differ. The overall survival was 10.71 + 5.2
Total resection 50 70.4 months in patients with MSI GBM and 30.65 + 5.1 months in
. those with MSS GBM (p=0.059). All patients with MSI died. Of
Subtotal t 21 29.6
ubtotal resection the 64 patients with MSS, 24 (37.5%) survived and 40 (62.5%)
Recurrent Disease died (p=0.087). Individual evaluation of each MMR protein
0 42 592 expression according to sex, age, presence of recurrence,
: and overall survival did not reveal any significant correlation
(+) 29 40.8 as well (p>0.05 for each).
Survival
B DISCUSSION
Alive 24 33.8
GBM represents the most common and aggressive tumor of
Death 47 66.2 the central nervous system, which accounts for 60%-70% of
Microsatellite Instability Status all .glio.mas, and is F:Iassified asa WHO.grade .IV tumor based
onitshistopathological features (19). Histological features of
Instable 7 9.9 GBM include hypercellularity, nuclear atypia, mitotic activity,
Stable 64 90.1 microvascular proliferation, and necrosis (9,19,21,22,30). The

Among the 64 patients with MSS, 40 (62.5%) were male
and 24 (37.5%) were female, whereas out of 7 patients with
MSI GBMs,1 (14.3%) was male and 6 (85.7%) were female
(p=0.037). Sl was significantly more common in females than
in males in our study group. The mean age of patients with
MSI and MSS was 56.29 + 15.1 and 58.86 + 13.44 years,
respectively (p=0.316), which was not statistically significant.
Among the 7 patients with MSI, tumor was located in the
frontal region in 7 patients (57.1%), parietal region in 2
patients (28.5%), and temporal region in 1 patient (14.3%).

780 | Turk Neurosurg 29(5):778-784, 2019

primary treatment of GBM is surgical resection followed by
radiotherapy and adjuvant chemotherapy with temozolomide.
The prognosis of GBM is extremely poor with an overall
survival time ranging from 12 to 18 months, and less than
5% of patients survive for more than 5 years after diagnosis
(2,3,20,23,28,29,31,34). GBM tends to be highly invasive,
shows widespread infiltration of the brain parenchyma, and
elicitshighvascularity. Allthese features contribute tothe unique
aggressiveness of the tumor. Alternatively, well-documented
cases of GBM were reported with unexpectedly high survival
times and low recurrence rates (9,20,22,23,28,29,31). The
investigation of molecular biology of GBM to better predict
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Figure 1: Glioblastoma with typical
palisading necrosis on the right

lower corner (Hematoxylin and eosin,

x40 original magnification) (A). No
immunohistochemical nuclear staining
with MLH1 (B), PMS2 (C), MSH6 (D), and
MSH2 (E) (IHC, x40 original magnification).

Figure 2: A classic case of glioblastoma
with areas of palisading necrosis
(Hematoxylin and eosin, x40 original
magnification) (A). Preserved
immunohistochemical nuclear staining
with MLH1 (B), PMS2 (C), MSH6 (D), and
MSH2 (E) (IHC, x40 original magnification).

survival and determine appropriate treatment modalities is
necessary owing to usual poor prognosis and exceptionally
long survival times in individual cases.

Genomic instability is the central hallmark of cancer devel-
opment (12). Therefore, human genome is protected by
several mechanisms against genomic stability, such as DNA
repair system. DNA MMR pathway repairs inappropriate

nucleotide insertions, deletions, and single nucleotide mis-
matches in repetitive sequences of DNA called microsatel-
lites (3). MSI, which is caused by germline deficiency of the
DNA MMR system, is the molecular abnormality observed in
tumors associated with Lynch syndrome. Lynch syndrome,
also known as hereditary nonpolyposis colorectal cancer,
is an autosomal dominant disorder characterized by a high
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risk for colorectal cancer and certain other malignancies in
thekidney, ovary, bladder, brain, stomach, pancreas, and lung
(1-3,12,16,24,34). MLH1, MSH2, MSH6, and PMS2 are the
main proteins involved in this MMR system, and they interact
as heterodimers: MSH2 couples with MSH6, and MLH1 cou-
ples with PMS2 (3,10,14,18). When MMR is normally function-
ing, MSH2 and MSH6 bind to form the hMutS-a heterodimer,
which recognizes and binds to mismatched base pairs and
recruits the MLH1-PMS2 hMutL-a heterodimer to repair them
(10,14,18,36). If one or more proteins are not expressed, the
status is considered MMR deficient; otherwise, the status is
considered MMR proficient (3). MLH1 and MSH2 play pivotal
roles in the MMR process because they are required to stabi-
lize PMS2 and MSH6; therefore, the loss of MLH1 and MSH2
leads to degradation of their dimers (36).

Methods used in assessing MSI are polymerase chain
reaction (PCR) and IHC. PCR is used to detect instability
in microsatellite repeats, whereas IHC is used to detect
the loss of expression of one or more MMR proteins (1).
Although PCR is considered gold standard for assessing
MSI, IHC has some advantages over PCR, such as shorter
turn around time, easier methodology and evaluation, and
simultaneous identification of affected MMR genes (17,24).
In 1996, the immunohistochemical expression of the MSH2
in fresh-frozen tissues was first reported by Leach et al.,
shortly after antibodies against MLH1 and MSH2 applicable
to paraffin-embedded tissues were identified (15,32). Since
then, numerous MMR immunohistochemical studies had
been performed. Although the sensitivity of IHC was low when
individually studied, it was comparable with PCR when 4MMR
genes were studied together; this is because they are dimers
of each other, and the mutation that cannot be detected in one
becomes detectable when its dimer is studied (11,25,27). In
the present study, IHC is the method of choice to detect MMR
protein expression and MSI.

Several studies on colorectal cancer have been conducted
since the identification of MMR genes; clinicopathological fea-
tures of these tumors have been clearly identified, and MSI phe-
notype colorectal cancers have been shown to have a strong
association with better outcome (1,6,10,14,17,18,24,27,36). In
recent years, MSI has been investigated in many tumors other
than colorectal cancer. The most important cause of this is
the understanding that MSI status provides both information
regarding the prognosis of the patient and predictive value of
the effect of immune checkpoint inhibitors. Several studies
have demonstrated that MMR deficiency is correlated with an
improved overall survival in many tumors (39). Currently, the
MSI status of many tumors provides answer to various ques-
tions in terms of treatment and prognosis. Because GBM also
has poor prognosis, any molecular finding with an impact on
treatment becomes important. Therefore, MSI is one of the
issues that have been studied in GBM.

The first study regarding MSI in brain tumors in the literature
was published in 1994 by Wooster et al. (37). They evaluated
various brain tumors, including gliomas, and genomic
instability was reported in 1.8% of tumors (37). Following
this study, Dams et al. investigated MSI in 16 brain tumors,
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of which 10 were GBM (8). They detected MSI in six patients,
of whom 5 (31.2%) had GBM. Subsequently, many studies
investigated the frequency of MSI in GBM. Although results
are controversial, the prevalence of MSI has been reported
in approximately 1% in a considerable number of studies
(4,7,13). In the study of Cortes-Ciriano et al. published in
2017 (7), MSI has been studied for 23 cancer types and 7919
patients, whose data were obtained from The Cancer Genome
Atlas (35). Of these patients, 316 had GBM with an MSI rate
of 1.3% (7). Similarly, Bonneville et al. reported a study of
MSI for 27 different cancer types and 11139 patients in the
same year (4). They identified MSI in 3.8% of all cancers
and 0.25% of GBM. In 2019, Zhao et al. found 0.25% MSI
in GBM (39). In a study by Viana-Pereira and colleagues
(83), the frequency of MSI in pediatric high-grade gliomas
(WHO grades Il and IV) and adult GBM was compared. They
evaluated 144 high-grade gliomas, including 71 pediatric
and 73 adult patients. MSI was detected in 14 (19.7%) of 71
pediatric high-grade gliomas of which 11 (15.5%) were GBM.
Among the 73 GBMs in adults, MSI was detected in 5 (6.8%).
Based on the immunohistochemical evaluation, MLH1 loss
was predominant. They concluded a higher frequency of MSI
in pediatric tumors (33). In our study, the frequency of MSI
detected by the loss of MMR proteins by IHC is 9.8% (7/71).
Although lower rates are generally reported in the literature,
there are also high results similar to ours (4,33).

The relationship of MMR deficiency with therapy resistance
and recurrence in GBM was highly studied in the literature
(9,20,22,23,28,29,31). Most of the studies revealed that
MMR deficiency is associated with treatment resistance
and recurrence (9,22). In 2007, Cahill et al. described loss
of MSHG6 in seven out of 17 recurrent GBMs and related
MSH6 deficiency to GBM recurrence (5). Felsberg et al.
described reduced expression of MSH2, MSH6, and PMS2
proteins in recurrent tumors, but MLH1 expression was not
correlated with recurrence (9). In another study published by
Shinsato et al., decreases in MLH1 and PMS2 expressions
were correlated with GBM recurrence (26). The previously
mentioned and many other studies related MSH6 loss with
treatment resistance (5,9,31,38). Conversely, some studies
in the literature opposed that MMR deficiency is related to
treatment resistance and only to a limited extent if there is
any (20). None of the patients included in the present study
received radiotherapy or chemotherapy prior to surgery;
therefore, the relationship between MMR deficiency and
therapy resistance or recurrence could not be assessed.

Few studies in the literature show prognostic effect of MSI on
GBM. These studies suggest that MSI GBMs show favorable
outcome compared with MSS GBMs. In a study by Stark et al.,
loss of MLH1 and MSH 6 was related to prolonged survival,
whereas MSH 2 expression did not correlate with survival
(29). However, another study by the same author in 2015
stated that MLH1 and MSH 6 expressions failed to correlate
with prognosis (28). Rodriguez-Hernandez et al. analyzed the
expression of three MMR proteins, MLH1, MSH6, and MSH2,
in 92 astrocytomas, including 57 GBMs (23). None of these
tumors were treated with neoadjuvant therapy. A total of 41
(43%) tumors showed loss of expression of at least one MMR



protein, and the loss of MSH6 expression was more frequent
than the loss of MLH1 or MSH2. Univariate survival analysis
revealed that the loss of MSH6 expression was significantly
associated with a better median overall survival in high-grade
astrocytomas (23). In our study, MSI and MSS GBMs did not
significantly differ in terms of overall survival or recurrence.
Literature on MSI in GBM is limited. Although majority of these
papers related MSI phenotype with favorable prognosis, some
failed to demonstrate any relationship between MSI status
and survival as noted in our study (28).

B CONCLUSION

Despite the fact that several studies showed favorable
outcome of MSI in various tumors, literature on MSI status
in GBM displayed conflicting results. One reason might be
the relative infrequency of GBM compared with other more
extensively studied tumors, such as colonic or endometrioid
adenocarcinoma. Another concern on the sensitivity of
the method preferred in determining MSI might arise. To
demonstrate a stronger correlation of the effect of MSI on
survival of patients with GBM, large scale studies with more
precise methods should be conducted.
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