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STATS3 Expression and Correlation Between Ki-67 and PHH3 in Meningiomas:
Is it Possible to Predict Recurrence?

Meningiomlarda STAT3 Ekspresyonu ve Ki-67 ile PHH3 Arasindaki Korelasyon: Rekiirrensi
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Aim: The aim of this study was to investigate the correlation between PHH3 and ki-67 labeling
index, and the association of STAT3 expression with mitotic index, grade by World Health
Organization 2016 classification, and clinicopathological features of meningioma cases.
Material and Methods: A total of 25 meningioma cases from the archives of the Department
of Pathology, Diizce University School of Medicine, diagnosed between 2012 and 2021 were
included in the study. The mitotic count from the ten fields with the highest number of mitotic
figures was determined. Immunohistochemistry was performed on the formalin-fixed,
paraffin-embedded tissue blocks to determine STATS3, ki-67, and PHH3 expression. STAT3
was scored between 0 and 3 points according to staining intensity. Staining percentages for
STAT3 were determined using a manual count of stained cells and the total number of tumor
cells. The ki-67 labeling index was determined as a percentage by a manual count. For PHH3, the
total number of immunostained mitotic figures per 10 high-power fields were evaluated in each case.
Results: A statistically significant difference was found in terms of the percentage of STAT3
staining between the tumor grades (p=0.047). STAT3 expression was significantly higher in
cases with high tumor grades. A moderate positive correlation was found between ki-67 and
PHH3 when calculated as a percentage in the area with the highest mitotic index by manual
counting (r=0.621, p=0.001).

Conclusion: A combination of ki-67, PHH3, and STAT3 will be useful in the grading of
meningiomas and predict the recurrence.

Keywords: Meningioma; tumor grade; STAT3; PHH3; ki-67.

0z

Amag: Bu c¢alismanin amaci meningiom vakalarinda PHH3 ile ki-67 proliferasyon indeksi
arasindaki korelasyonu incelemek ve STAT3 ekspresyonunun mitotik aktivite, Diinya Saglik
Orgiitii 2016 smiflandirmasina gore derece ve klinikopatolojik ozellikler ile iliskisini
degerlendirmektir.

Gerec ve Yontemler: Diizce Universitesi Tip Fakiiltesi Patoloji Anabilim Dal1 arsivlerinden
2012 ve 2021 yillar1 arasinda tani alan toplam 25 meningiom olgusu ¢alismaya dahil edildi.
Mitotik figiir sayisinin en fazla oldugu on biiyiik biiyiitme alanindan mitotik say1 belirlendi.
STATS3, ki-67 ve PHH3 ekspresyonunu belirlemek i¢in formalinle sabitlenmis, parafine
gomiilii doku bloklar iizerinde immiinohistokimyasal calisma yapildi. STAT3, boyama
yogunluguna gore 0 ile 3 puan arasinda puanlandi. STAT3 i¢in boyama yiizdeleri, boyanmig
hiicrelerin manuel sayimi ve toplam tiimér hiicresi sayisi ile belirlendi. Ki-67 proliferasyon
indeksi, manuel sayimla yilizde olarak belirlendi. PHH3 i¢in her bir vakada, 10 biiyiik biiyiitme
alanindan immiin boyanmis mitotik figiirlerin toplam sayisi degerlendirildi.

Bulgular: STAT3 boyama ytizdesi bakimindan tiimor dereceleri arasinda istatistiksel olarak
anlaml bir farklilik bulundu (p=0,047). Timér derecesi yiiksek olgularda STAT3 ekspresyonu
anlamli olarak daha yiiksek idi. Manuel sayim ile en yiiksek mitotik indekse sahip olan alanda
yiizde olarak hesaplandiginda PHH3 ve ki-67 arasinda orta derecede pozitif bir korelasyon
oldugu bulundu (r=0,621; p=0,001).

Sonug¢: Ki-67, PHH3 ve STAT3'in kombinasyon olarak kullanilmasi, meningiomlarin
histopatolojik derecelendirilmesinde ve rekiirrensi 6ngérmede faydali bir yontem olacaktir.
Anahtar kelimeler: Meningiom; tiimér derecesi; STAT3; PHH3; Ki-67.

The results of this study has been presented partially as an oral presentation at the 3™ International TURAZ
Academy Forensic Sciences, Forensic Medicine, and Pathology Congress (September 8-12, 2021; Baku, Azerbaijan).
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INTRODUCTION

Meningiomas are the most frequent primary tumors of
the central nervous system, consisting of 36% of all
brain tumors (1). They are mostly benign, slow-growing,
low-grade tumors (1). In 2016, the World Health
Organization (WHO), defined a grading system to predict
the risk of recurrence; benign, atypical, and anaplastic with
the recurrence rates of 7-25%, 29-52%, and 50-94%,
respectively (1). Mitotic activity is the most dependable
prognostic factor for defining the grade in meningiomas.
On hematoxylin and eosin (H&E) stained slides, mitotic
figure counts per 10 high-power microscope fields (HPFs)
(0.6 mm?  are  essential, but  additional
immunohistochemical staining with proliferation markers
may be helpful (2,3).

The ki-67 labeling index (LI) is widely used worldwide,
allowing analysis of the ki-67 antigen immunohistochemically,
a non-histone cell cycle protein (4,5). Phosphorylated
histone H3 (PHH3) is a phosphorylated histone protein
that targets serine 10 of histone H3 (6,7). This marker
helps to make the differentiation between mitosis and
apoptotic nuclei, to define histopathological grade
correctly (8,9). Signal transducer and transcription
activator 3 (STAT3) is a pro-oncogenic transcription
factor and, STAT3 plays an important role in many
biological processes like cell life and proliferation, chronic
inflammation, the acute phase response, autoimmunity,
and cancer progression (10-12). STAT3 activation is
increased more in grade | and Il meningiomas than in
normal dural tissue, and STAT3 expression is enhanced
with increasing tumor grade (13).

In this study, we aimed to evaluate the correlation between
PHH3 and ki-67 LI and the association of STAT3
expression with mitotic index, WHO classification grades,
and clinicopathological features of meningioma cases.

MATERIAL AND METHODS

The study was compatible with the tenets of the Helsinki
Declaration and has been approved by the local ethics
committee of Diizce University (protocol number 187 of
September 6, 2021). A total of 25 meningioma cases
diagnosed between 2012 and 2021 were included in the
study. The inclusion criteria were i) histopathologic
diagnosis of meningioma, ii) clinically sufficient history,
and iii) sufficiency of pathologic material for histological
and immunohistochemical analysis. The exclusion criteria
were i) insufficient tumor tissue for immunohistochemistry,
and ii) the patients without clinical follow-up. All of the
cases were recruited from the archives of the Pathology
Department of Diizce University School of Medicine.
Demographic data (gender, age, and recurrence status after
diagnosis) were obtained from the patient files and
archived reports. The mitotic count from 10 HPFs with the
highest number of mitotic figures was determined. The
tumor location, histological subtype, and grade due to
WHO 2016 (1), local invasion, presence of psammoma
bodies, and tumor size were evaluated.

On the formalin-fixed, paraffin-embedded tissue blocks,
immunohistochemistry was performed to determine
STAT3, ki-67, and PHH3 expression. The pathological
material was examined by a pathologist to make sure every
paraffin-embedded tissue block has sufficient tumor
content for immunohistochemical analysis.
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Immunohistochemical staining with a fully automated
assay was performed on 3-4 um-thick slices based on
manufacturer’s instructions. Phospho-STAT3 (Tyr705)
[RM261] Conc. 0.1mL (1:1000-10000), rabbit monoclonal
anti-Ki67 (Thermo #RM-9106-R7), and rabbit polyclonal
pHH3 (Thermo #RB-9425-R7) antibodies were used on
the Ventana® Benchmark XT (Ventana-Roche
Diagnostics, Meylan, France).

All the slides were examined by a pathologist. STAT3
expression was scored between 0 and 3 points due to
staining intensity. No staining was considered as 0, light
staining as 1, moderate staining as 2, and strong staining
as 3 points. Staining percentage points were determined
using a manual count of stained cells and the total number
of tumor cells. After the hotspot was identified under low
magnification, the ki-67 LI was determined as percentage
by a manual count. For PHH3, for which the highest
number of mitotic figures were identified, the total number
of immunostained mitotic figures per 10 HPFs was
evaluated in each case.

Statistical Analysis

The distribution of the data was examined using the
Shapiro-Wilk test, and comparisons of the groups were
made using the Mann-Whitney U test. The correlation
between numerical variables was analyzed using
Spearman correlation analysis. Descriptive statistics were
given as meantstandard deviation, or median, and
minimum-maximum values for numerical variables, and
numbers and percentages for categorical variables.
Statistical analyses were made with the IBM SPSS v.22
program and the significance level was taken as 0.05.

RESULTS

Ten (40%) of the cases were male and 15 (60%) were
female. The age range was 37-82 years, with a mean age
of 62.4+11.8 years. The most common site of
meningiomas was the brain (88%, n=22), followed by the
spinal cord (8%, n=2), and the sphenoid wing (4%, n=1).
Eighteen (72%) of the cases were WHO grade | and the
other 7 (28%) cases were grade Il. Transitional was the
most common histological subtype (44%, n=11), followed
by atypical (24%, n=6), meningothelial (20%, n=5),
fibrous (4%, n=1), angiomatous (4%, n=1), and
chordoid (4%, n=1). Tumor size ranged from 2-11 cm and
the mean tumor size was 5.0+£2.5 cm. Psammoma bodies
were seen in 13 (52%) cases. The dural invasion was
present in 8 (32%) cases. In cases with dural invasion, six
cases were accompanied by bone invasion (Figure 1). Only
one of the tumors with dural invasion was grade 1l, the
others were grade I. Brain invasion was detected in 1 (4%)
patient with an atypical meningioma.

The percentage of STAT3 staining ranged from 2 to 25%,
with no staining in five (20%) cases, focal positivity below
5% in 10 (40%), 10% in five (20%), 15% in four (16%),
and 25% in one (4%), respectively (Figure 2). Staining
intensity was moderate (score 2) in all cases with
immunoexpression. All cases that did not show staining
with STAT3 were grade | tumors. The percentage of
STAT3 staining was statistically significantly different
between tumor grades (p=0.047). STAT3 expression was
not related to recurrence rate and other clinicopathologic
parameters such as tumor size, dura, and bone invasion.
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The ki-67 LI was between 1 and 5%. Mitotic count per 10
HPFs was between 1 and 5. A moderate positive
correlation was found between PHH3 and ki-67 when
calculated as a percentage in the area with the highest
mitotic index by manual counting (r=0.621; p=0.001).
There was also a moderate positive correlation between the
mitotic count and PHH3 of 10 HPFs (r=0.576; p=0.003).
Recurrence developed in two cases in the 2nd and 3rd
years of follow-up, and both were grade | tumors. The
relevant data are shown in Table 1.

Figure 1. a) Mitotic figure in H&E slide (x40) and the
same mitotic figure stained with PHH3 (x40, insert photo),
b) endothelial staining with PHH3 (x40), c) bone invasion
in H&E slide (x20)

Table 1. Clinicopathological features of meningiomas

STAT3, Ki-67 and PPH3 in Meningiomas

DISCUSSION

Although meningiomas are mostly slow-growing, benign
tumors, it is important to diagnose the high-grade variants
because of the risk of recurrence and different therapy
approaches (14,15). Meningiomas may recur, at a rate of
up to 25% even in grade | tumors, and high recurrence rates
remain a challenge in clinical management (1). Being able
to predict early recurrence in meningiomas will be beneficial
in providing sufficient postoperative treatment (16). The
benefits of post-operative radiation, extending the resection
area, and drug therapies in high-grade meningiomas are

(e .*’Lu,; L= i AT
2 H‘f&dﬂfv AR o mz“i‘:!é,ﬁg
pical meningioma ghly cellular
patternless growth pattern (H&E, x4), b) STAT3 staining
pattern of a hot spot (x10), c, d) atypical cells with high
nuclear/cytoplasmic ratio (H&E x40)

Case Age Gender  Localization TgiTeor Histological Grade STATS STATS Ki-67 l\(lzltl)tl?r?tc PHHS3 . Boqe . Dur_a . Brai_n Recurrence
(cm) subtype % score (%) (/10 HPF) (/10 HPF) invasion invasion invasion
1 37 M Left parietal 3 Meningothelial 1 0 0 2 1 4 Yes Yes No No
2 82 F Right frontal 6 Transitional | 0 0 1 1 1 No Yes No No
3 56 M Left frontal 2 Transitional I 10 2 1 1 6 No No No No
4 75 M Right frontal 5 Transitional | 0 0 5 2 6 No No No No
5 59 F Left frontal 6 Transitional | 0 0 1 1 3 No No No No
6 66 F L1 3 Meningothelial 1 0 0 1 1 1 No No No No
7 65 F Foramen magnum 4 Transitional | 2 2 1 1 1 No No No No
8 64 F Left frontal 4 Transitional I 2 2 2 1 2 No No No No
9 66 M Right frontoparietal 5 Transitional | 3 2 1 1 2 Yes Yes No 2 years
10 73 M Left frontal 2 Meningothelial | 3 2 1 1 1 Yes Yes No No
11 46 M Right slyvian 5  Angiomatous | 3 2 2 1 2 No No No No
12 73 F  Right frontoparietal 3 Transitional | 5 2 2 1 2 No No No No
13 58 M Left frontal 11 Fibrous | 5 2 1 1 6 Yes Yes No No
14 59 F Left slyvian 4 Meningothelial 1 5 2 2 1 4 Yes Yes No No
15 37 F Right frontal 45  Transitional | 10 2 2 1 5 No No No No
16 56 F Frontal 2 Transitional | 10 2 1 1 6 No No No 3 years
17 74 M Right parietal 2 Meningothelial 1 15 2 3 2 30 No No No No
18 79 F  Left frontotemporal 8 Transitional | 25 2 2 1 5 No Yes No No
19 56 F Left frontal 45 Chordoid 1 10 2 2 1 1 No No No No
20 56 F T11-12 35 Atypical 1 3 2 3 4 12 No No No No
21 66 M Right frontotemporal Atypical 1 2 1 5 7 No No No No
22 50 M Right parietal 8 Atypical 1 10 2 5 3 8 No No No No
23 66 M Right sphenoid 10 Atypical 1 15 2 1 1 2 Yes Yes No No
24 69 F Left frontoparietal 8 Atypical 1 15 2 2 3 3 No No Yes No
25 73 F Left frontoparietal 4 Atypical 1 15 2 3 2 21 No No No No

STATS3: signal transducer and transcription activator 3, PHH3: phosphorylated histone H3, HPF: high power field, M: male, F: female
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controversial  (17). Advances in molecular and
histopathological ~studies and advanced imaging
techniques are currently promising for meningioma
patients with diagnostic challenges (18). Finding
new biomarkers and advanced targeted therapies
requires a better understanding of meningioma
oncogenesis, as predicting the aggressiveness of
meningiomas based on histological and genetic criteria is
not efficient (15,19).

Histomorphological features, STAT3 activation, NF-2
gene mutation, inactivation of DAL-1, and loss of
inhibition of TGF may all play a role in recurrence, but it
remains unclear which specific changes contribute to the
pathway (20).

STAT3 plays a role in the control of mitochondrial
function and tumor progression by regulating
pro-inflammatory genes and cell survival (21). STAT3 is
mutated in numerous human cancers, playing an
important role in tumor processes as a critical molecular
abnormality (22). Previous studies suggested that elevated
STAT3 expression is related to better prognosis in breast
cancer; however, carcinomas of the lung, stomach, liver,
prostate, pancreas, and osteosarcomas and gliomas show
poorer prognosis as STAT3 protein expression levels
increase (23).

Johnson et al. (24) suggested that the JAK-STATS,
PI3K-Akt-mTOR, and MEK-1-MAPK pathways are
activated in WHO grade Il meningiomas, and
inhibition of STAT3 activation may be effective in
next-generation  chemotherapies  for  high-grade
meningiomas. They found significantly higher STAT3
activation in grade Il meningiomas than in grade I,
but no difference between meningioma subtypes, similarly
to our results.

Magrassi et al. (13) suggested that various elements of the
STAT family show higher immunoreactivity in
meningiomas compared to normal dural tissue. In our
study, according to the immunohistochemical results,
difference between the percentage of STAT3 staining and
tumor grade was statistically significant and, STAT3
expression was significantly higher in cases with high
tumor grades. On the contrary, Johnson et al. (16)
reported no significant  difference in STAT3
immunohistochemical staining between grade | and grade
Il tumors. Johnson et al. (16) also suggested that the
expression of STAT3 is not a sensitive predictor of
recurrence in meningiomas. In our study, STAT3
expression was not related to recurrence rate; however,
only two patients had a recurrent tumor, so this data is not
sufficient to suggest that STAT3 does not impact
recurrence.

While evaluating tumor grade, the most important
parameter is mitotic count (1). Recognizing the mitoses
morphologically is essential to define mitotic count (25).
The conventional method used to determine the extent of
proliferation of the tumor may not be objective, as finding
the area with the highest mitotic activity and mitotic
figures may be difficult (25). Distinguishing mitotic
figures and other chromatin changes such as apoptotic
figures, pyknotic nuclei, and artifacts secondary to crush,
may vary with experience. Areas of different cellular
densities within the tumor may make it difficult to evaluate
these features per area (4). PHH3 is helpful to differentiate
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apoptosis and mitosis, as there is a direct relationship
between H3 phosphorylation and mitotic chromosome
condensation that begins during the early prophase,
whereas phosphorylation of histone H3 is not observed in
apoptosis (26). It is important to decide whether to use a
"hotspot" or "mean" counting method because the mitotic
activity may show variation in different regions of the
tumor (25).

The ki-67 proliferation index helps to identify the most
active site and predict recurrence (27). While both the
mitotic index and ki-67 can be used to quantify cell
proliferation, it should be considered that ki-67 stains
positive nuclei in the G1, G2, or S phases, which are
generally more variable and longer than the M
phase (25). The ki-67 LI is a quantitative indicator
used to define proliferation activity, which is the
percentage of tumor cell nuclei positively stained for
ki-67 (26). In the literature, a ki-67 LI above 4% has
been defined as a high-risk factor for recurrence, but there
is still no definite cut-off value. Various studies have
suggested different values, ranging from 1-10% (27,28).
This heterogeneity may be due to interlaboratory
differences. The ki-67 LI was 1% in two cases with
recurrence in our study. To our knowledge, ki-67 does not
seem to be a reliable marker for predicting recurrence and
prognosis.

PHH3 specifically detects core protein histone H3
when it is phosphorylated at serine 10 (Serl0) or
serine 28 (Ser28). Phosphorylation of histone H3 is a
process that occurs almost exclusively during
mitosis  (26). In their series consisting of 48
meningioma cases, Puripat et al. (29) reported that
PHH3 is a fast, sensitive, and easy method for
determining mitotic activity. Winther et al. (4) stated
that the most reliable method for predicting prognosis
in a series of 160 cases was the PHH3 proliferation
index.

Ozek et al. (3) found a strong correlation between the
PHH3 and ki67 proliferation indices in a series of 104
cases; however, there was no significant correlation
between PHH3 and tumor recurrence. Elmaci et al. (27)
stated in a review that PHH3 is useful, but more
studies are needed to replace this method with the
mitosis counting method in conventional H&E slides. In
our study, we found a moderate positive correlation
between mitotic count and PHH3/10 HPF, and a moderate
positive correlation between the ki67 proliferation index
and PHH3 index.

The background staining of PHH3 in leukocytes and
highly vascular areas, and the lack of a definite cut-off
value create an obstacle for the use of PHH3 instead of
counting mitotic figures. Additionally, staining of any
prophase nuclei may create difficulties in evaluating
PHH3 (30). Nonetheless, morphologically distinguishing
M-phase from prophase nuclei is essential but not very
difficult.

CONCLUSION

A combination of ki-67, PHH3, and STAT3 is useful
in the grading of meningiomas and prediction of
recurrence. The use of these three methods together may
contribute to larger studies that will shed light on the
prognosis of these tumors.
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