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Abstract

Background: Meningiomas are common central nervous system (CNS) tumors that account for thirty percent of
primary intracranial tumors.. The accuracy of predicting meningioma recurrence and progression is not enough. So, there
is a real need for discovering recent factors for identification of the relapse risk, progression rates, which patients will
need aggressive treatment and predicting and improving patients’ survival. Thioredoxin-interacting-protein [ TXNIP]
is an alpha-arrestin-protein family member that is mapped on chromosome 1-q21-22 and is found to participate in
cellular redox reactions regulations and control. Transglutaminase 2 (TGM2) is a transglutaminase enzyme family
member that is found in many human cells, it may act as an enzyme, a structural protein and also has multiple roles
in many cellular activities. Aim of our study: It was to explore the expression of TXNIP, TGM2 and Ki-67 using
immunohistochemistry in different pathological grades of meningiomas, and to investigate the relevance between
their expressions, clinicopathological criteria, disease recurrence and prognosis of meningioma patients. Methods: we
included 50 cases of meningioma of different pathological grades; all patients were managed according to their grade
by surgery alone, with radiotherapy or combined modalities. Sections from paraffin blocks prepared from samples of all
patients stained by TXNIP, TGM2 and Ki-67 using immunohistochemistry. Results: high expression of TXNIP in 28
out of 50 (56%) cases of meningioma of different pathological grades and was positively correlated with meningioma
lower grade, low KI labeling index (p=0.000), adequacy of resection, negatively correlated with high incidence of
recurrence after surgery and it was negatively correlated with meningioma higher pathological grades (p=0.000). We
detected high expression of TGM2 in 21 out of 50 (42%) cases of meningioma and it was positively correlated with
meningioma higher grade (p= 0.002), high KI labeling index (p=0.000), high incidence of recurrence after surgery,
progression to higher pathological grades and was negatively correlated with adequacy of resection of meningioma
(p=0.000). Conclusion: There is inverse relation between both [TXNIP and TGM?2 expression in meningiomas and the
combination of decreased expression of TXNIP and increased expression of TGM2 could predict risk of meningioma
recurrence and progression in to higher pathological grades.
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Introduction

Meningiomas are common central nervous system
(CNS) tumors that account for thirty percent of primary
intracranial tumors. According to the World Health
Organization (WHO, 2016) classification system
criteria; they are divided into benign (WHO grade 1),
atypical (WHO grade II) and anaplastic (WHO grade I1I)
meningioma (Louis et al., 2016). Atypical and anaplastic
meningiomas have a poorer prognosis and more liability
for recurrence than the benign meningiomas. Despite
advancements in therapies for meningiomas grade II or I11,

that include surgery with or without radiotherapy, patients
prognosis is still disappointing (Soussain et al., 2009),
with liability for recurrence even with aggressive surgical
resection of the tumor which is a major cause of morbidity,
mortality and progression to higher grades, but rates of
recurrence markedly differ between WHO pathological
grades (Riemenschneider et al., 2006; (Yang et al., 2008).

Factors that allow expecting recurrence and
progression of meningiomas are WHO pathological
grade, inadequate surgical resection and a high Ki67
labeling index (Simpson, 1957; Oya et al., 2012). But
the accuracy of such factors in predicting meningioma
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recurrence especially in higher-grade is not enough. So,
there is a real need for discovering recent biomarkers
for identification of the relapse risk, progression rates
and which patients will need aggressive management
(Van de Vijevr et al., 2002; Wen et al., 2010). In our
research we evaluated two recent markers expression in
meningioma: Thioredoxin-interacting protein (TXNIP),
transglutaminase 2 (TGM2) as their roles in meningioma
progression and prognosis had not sufficiently clarified
and no previous studies had studied them together in
meningiomas, and we correlate their expression together
with the Ki-67 labeling index. Thioredoxin-interacting-
protein [TXNIP] is an alpha-arrestin-protein family
member that is mapped on chromosome 1-q21-22 (Zhou
et al., 2011). It is found to participate in cellular redox
reactions regulations and control (Lee et al., 2010).
Also, it has been found to play a tumor inhibitory role
in many kinds of human cancers (Zhou et al., 2011).
Transglutaminase 2 (TGM2) is a transglutaminase
enzyme family member that is found in many human
cells (Thomazy and Fésiis, 1989). TGM2 may act as an
enzyme, a structural protein and also has multiple roles
in many cellular activities (Mishra and Murphy 2006).
Ki-67 is essential for proliferation of cells as it is found
during all the cell cycle active phases, but is not present in
the GO phase. It had significant associations with cancer
growths, proliferation, progression relapse and recurrence
of a wide range of human tumors (Wiemels et al., 2010;
Koshland, 1993).

Aim of our study; was to explore the expression of
TXNIP, TGM2 and Ki-67 using immunohistochemistry
in different pathological grades of meningiomas, and
to investigate the relevance between their expressions,
clinicopathological criteria, disease recurrence and
prognosis of meningioma patients.

Materials and Methods

Patients and Methods

We carried out this extended retrospective cohort-study
at pathology, clinical oncology and nuclear medicine and
neurosurgery departments, Zagazig University, faculty
of medicine, approved by the institutional review board
(IRB) ethical Committee.

We included 50 patients that have been diagnosed
as meningioma with different grades. We collected
all the patients’ data as; patient gender, age, tumor
size, site, degree of surgical resection, recurrence and
recurrence-free survival rates, in five years from the
archives of the shared departments. Patients’ management
differed according to their grade as they were managed by
surgery alone, with or without radiotherapy. All patients
performed a written consent before tumor resection. World
Health Organization (WHO) classification 2016 was used
for meningiomas subtyping and pathological grading
(Louis et al., 2016)

Simpson grading system was used for evaluation of the
range of surgical resection (Simpson, 1957). In Clinical
Oncology Department, radiotherapy was performed when
indicated; in in benign tumors (grade 1) if just biopsied or
incompletely resected and in all cases of grade IlandIIl
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tumors even if completely resected. All cases were treated
by 3-D conformal technique by linear accelerator 6 MV
energy. For benign meningioma the target volume was the
gross tumor volume GTV that, defined by brain MRI and
CT scan, plus 1.5 cm additional margin (clinical target
volume CTV+ planning target volume PTV) the total dose
was 54 Gy at 1.8 Gy per fraction daily for 5 days a week.
While in case of atypical and anaplastic meningioma the
additional margin (CTV+PTV) was 2 cm around GTV
with total dose 60 Gy at 1.8 Gy per fraction daily for 5
days a week.

Sections from paraffin blocks prepared from samples
of all patients were stained by routine haematoxylin and
eosin (Hand E) for adequate evaluation and grading of
meningioma, and then sections put on positively charged
slides for immunohistochemistry that was performed
in pathology department faculty of medicine, Zagazig
University.

Immunohistochemical technique of staining

Streptavidin-biotin method were used for
immunohistochemistry (Hsu et al., 1981), incubated slides
overnight with primary rabbit monoclonal anti- TXNIP
antibody (ab185544) [EPR15225] dilution 1:500, primary
mouse mono-clonal anti- TGM2 antibody [CUB 7402]
ab2386 dilution 1:50 (Abcam, MA, USA-Cambridge)
and anti-Ki-67 (NeoMarkers ready to use Inc.; clone
SP6) human breast carcinoma tissue were used as positive
control for both TXNIP and TGM2.

Evaluation of TXNIP and TGM2 expressions

We assessed the extent and intensity of positive tumor
cells. The extent of positive tumor cells was classified
into 5 classes: from 0 to 5 for, <5%, 5%-25%, 26%-50%,
51%-75% and >75% cells stained, respectively. Stain
intensity was graded into one to three for faint, moderate,
and strong stain, respectively. To acquire a final staining
score from 0 to 12 for TXNP, we multiplied both the stain
extent and intensity scores and then we considered final
score from zero-three as low expression, and scores of four
to twelve as high expression (Li et al., 2015).

To acquire the final staining score of 0 to 7 for
TGM2, we summated both the stain extent and intensity
scores. Then consider final score from zero-three as low
expression, and scores of four to seven as high expression
(Erdem et al., 2015).

Evaluation of Ki-67 (MIB-1) labeling index

We calculated Ki-67 (MIB-1) labeling index as
positive tumor cell nuclei percentage by counting the
stained nuclei in areas of maximum stain in 5 high power
field (magnificationx400) (Perry et a;l.,2001). The Ki-67
labeling index was considered low when less than 10%
nuclei of the tumor cells were stained and were considered
high when more than 10% nuclei of the tumor cells were
stained.

Statistical-analysis

We performed our statistics by using the program of
SPSS 22.0 for windows (SPSS Inc., Chicago, IL, USA)
and MedCalc windows (MedCalc Software bvba 13,



Ostend, Belgium). Continuous variables were expressed
as the mean + SD and median (range), and the categorical
variables were expressed as a number (percentage). We
compared the percent of categorical variables by using
Pearson’s Chi-square test or Fisher’s exact test. We
calculated the Recurrence Free Survival (RFS) rate as
the time from surgery to date at which local recurrence
was detected. We calculated the Overall Survival (OS)
rate as the time from diagnosis to death. Stratification of
both rates was done according to all clinicopathological
features and immunohistochemical markers, and these
rates were estimated using the method of Kaplan-Meier
plot, and compared using two-sided exact log-rank test.
A p-value <0.05 was considered significant.

Results

Patient features

We illustrated the clinic-pathological criteria of our
patients in Table 1.

We included 50 patients having meningiomas in our
study, which were divided into 35 (70%) females and 20
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(30%) males with age ranged from (24-65) years (Mean:
42.3+£11.6 years). Our cased divided into 31 (62%)
cases of benign meningioma, 12 (24%) cases of atypical
meningioma and 7 (14%) cases of anaplastic meningioma.
Regarding Simpson grades; our cases were divided into
11 (22%) cases grade I and 16 (32%) cases grade II that
undergoes gross total resection, 11 (22%) cases grade 111
that undergoes near total resection, 7(14%) cases grade
IV that undergoes subtotal resection and 5(10%) cases
grade V that undergoes only biopsy. We found significant
positive correlations between meningioma recurrence
and higher Simpson grade. 24 (48%) of our cases have
received different doses of irradiation according to their
Simpson grades. We found no significant correlations
between meningioma recurrence, age, sex of patients,
site, pathological grade of the tumor or presence of
calcification.

Interpretation of immunohistochemical results TXNIP
expression: Tables 2and 3; Figures 1 and 3.

* We detected high expression of TXNIP in 28 out of
50 (56%) cases of meningioma of different pathological
grades.

Table 1. Demographic and Follow Up Data of Our Patients

Characteristics All patients Characteristics All patients
(N=50) (N=50)
Number Percent Number Percent
Age (years) Surgery
Mean + SD 42.34 +11.59 Gross tumor resection 27 54%
Median (Range) 39.5 (24-65) Near total resection 11 22%
<40 years 26 52% Subtotal resection 7 14%
> 40 years 24 48% Biopsy 5 10%
Sex Simpson grading system
Male 15 30% Grade [ 11 22%
Female 35 70% Grade 11 16 32%
Site Grade 111 11 22%
Parasagittal 14 28% Grade IV 7 14%
Anterior Fossa 12 24% Grade V 5 10%
Convexity 8 16% Radiotherapy
Middle fossa 8 16% No 26 52%
Posterior fossa 8 16% Yes 24 48%
Calcification Response (N=23)
Absent 28 56% OAR 19 82.60%
Present 22 44% NR 4 17.40%
Grade CR 17 73.90%
Grade 1 31 62% PR 2 8.70%
Grade 1T 12 24% SD 2 8.70%
Grade IIT 7 14% PD 2 8.70%
Ki67 Follow-up (months)
Low 30 60% Mean + SD 36.16 +15.85
High 20 40% Median (Range) 30 (11-60)
Outcome
Recurrence (out of 45patients) 13 28.90%
Died (out of 50patients) 17 34%

Categorical variables were expressed as number (percentage), continuous variables were expressed as mean = SD & median (range).
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Table 2. Correlation between Clinicopathological Features, TGM2, TXNIP Expression, Ki Labeling Index of Our
Patients

Characteristics All TGM2 p-value TXNIP p-value
Low High Low High
(N=50) (N=29) (N=21) (N=22) (N=28)
No. (%) No. (%) No. (%) No. (%) No. (%)
Age (years)
Mean + SD 42.34 £11.59 40.34 £10.70 45.09 £12.46 0.155* 45.45 +11.89 39.89 £10.95 0.093*
Median (Range) 39.5  (24-65) 39 (24-65) 43 (24-65) 44 (24-65) 39 (24-65)
<40 years 26 (52%) 18 (69.20%) 8 (30.80%)  0.094% 7 (26.90%) 19 (73.10%) 0.011%
> 40 years 24 (48%) 11 (45.80%) 13 (54.20%) 15 (62.50%) 9 (37.50%)
Sex
Male 15 (30%) 5 (33.30%) 10 (66.70%)  0.021% 12 (80%) 3 (20%)  0.001%
Female 35 (70%) 24 (68.60%) 11 (31.40%) 10 (28.60%) 25 (71.40%)
Site
Parasagittal 14 (28%) 12 (85.70%) 2 (14.30%)  0.117% 3 (21.40%) 11 (78.60%)  0.262%
Anterior Fossa 12 (24%) 7 (58.30%) 5 (41.70%) 5 (41.70%) 7 (58.30%)
Convexity 8 (16%) 3 (37.50%) 5 (62.50%) 5 (62.50%) 3 (37.50%)
Middle fossa 8 (16%) 4 (50%) 4 (50%) 4 (50%) 4 (50%)
Posterior fossa 8 (16%) 3 (37.50%) 5 (62.50%) 5 (62.50%) 3 (37.50%)
Calcification
Absent 28 (56%) 14 (50%) 14 (50%) 0.196% 13 (46.40%) 15 (53.60%) 0.696%
Present 22 (44%) 15 (68.20%) 7 (31.80%) 9 (40.90%) 13 (59.10%)
Grade
Grade I 31 (62%) 24 (77.40%) 7 (22.60%)  0.002§ 6 (19.40%) 25 (80.60%) <0.001§
Grade II 12 (24%) 3 (25%) 9 (75%) 9 (75%) 3 (25%)
Grade 11 7 (14%) 2 (28.60%) 5 (71.40%) 7 (100%) 0 0%)
Ki67
Low 30 (60%) 24 (80%) 6 (20%) <0.001% 5 (16.70%) 25 (83.30%) <0.001%
High 20 (40%) 5 (25%) 15 (75%) 17 (85%) 3 (15%)
TGM2
Low 29 (58%) 3 (10.30%) 26 (89.70%) <0.001%
High 21 (42%) 19 (90.50%) 2 (9.50%)
TXNIP
Low 22 (44%) 3 (13.60%) 19 (86.40%)  <0.001%
High 28 (56%) 26 (92.90%) 2 (7.10%)

Categorical variables were expressed as number (percentage), continuous variables were expressed as mean + SD & median (range); * Independent
samples Student's t-test; I Chi-square test; § Chi-square test for trend; p< 0.05 is significant.

o TXNIP expression was higher in female patients grade and low KI labeling index (p=0.000).
(p<0.001) and in patients with younger age (p=011). * We found no significant correlations between
* TXNIP over expression was associated with lower =~ TXNIP expression, site or presence of calcification in

meningiomax400, B. Low TXNIP expression in atypical meningiomax400, C. Low TXNIP expression in malignant
meningioma. Magnification A, B & C original magnificationx 400
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Table 3. Correlation Between Clinicopathological Features, TGM2, TXNIP Expression, Ki Labeling Index, Disease
Recurrence, Survival and Response to Therapy in Our Patients

Outcome All TGM2 p-valuef TXNIP p-valuei
Low High Low High
(N=50) (N=29) (N=21) (N=22) (N=28)
No. (%) No. (%) No. (%) No. (%) No. (%)
Surgery
Gross tumor 27 (54%) 25 (86.20%) 2 (9.50%) <0.001 3 (13.60%) 24 (85.70%)  <0.001
resection
Near total 11 (22%) 2 (6.90%) 9 (42.90%) 8 (36.40%) 3 (10.70%)
resection
Subtotal 7 (14%) 2 (6.90%) 5 (23.80%) 6 (27.30%) 1 (3.60%)
resection
Biopsy 5 (10%) 0 0%) 5 (23.80%) 5 (22.70%) 0 0%)
Simpson grading system
Grade I 11 (22%) 11 (37.90%) 0 0%) <0.001 0 0%) 11 (39.30%)  <0.001
Grade 11 16 (32%) 14 (48.30%) 2 (9.50%) 3 (13.60%) 13 (46.40%)
Grade 11T 11 (22%) 2 (6.90%) 9 (42.90%) 8 (36.40%) 3 (10.70%)
Grade IV 7 (14%) 2 (6.90%) 5 (23.80%) 6 (27.30%) 1 (3.60%)
Grade V 5 (10%) 0 0%) 5 (23.80%) 5 (22.70%) 0 0%)
Residual
Absent 27 (54%) 25 (86.20%) 2 (9.50%) <0.001 3 (13.60%) 24 (85.70%)  <0.001
Present 23 (46%) 4 (13.80%) 19 (90.50%) 19 (86.40%) 4 (14.30%)
Radiotherapy
No 26 (52%) 24 (82.80%) 2 (9.50%) <0.001 2 (9.10%) 24 (85.70%)  <0.001
Yes 24 (48%) 5 (17.20%) 19 (90.50%) 20 (90.90%) 4 (14.30%)
Response (N=23) (N=4) (N=19) (N=19) (N=4)
OAR 19 (82.60%) 2 (50%) 17 (89.50%) 0.125 15 (78.90%) 4 (100%) 1
NR 4 (17.40%) 2 (50%) 2 (10.50%) 4 (21.10%) 0 0%)
CR 17 (73.90%) 2 (50%) 15 (78.90%) 0.289 13 (68.40%) 4 (100%) 0.635
PR 2 (8.70%) 0 0%) 2 (10.50%) 2 (10.50%) 0 0%)
SD 2 (8.70%) 1 (25%) 1 (5.30%) 2 (10.50%) 0 0%)
PD 2 (8.70%) 1 (25%) 1 (5.30%) 2 (10.50%) 0 0%)
Recurrence (N=45) (N=28) (N=17) (N=17) (N=28)
Absent 32 (71.10%) 28 (100%) 4 (23.50%) <0.001 5 (29.40%) 27 (96.40%)  <0.001
Present 13 (28.90%) 0 0%) 13 (76.50%) 12 (70.60%) 1 (3.60%)
Survival (N=50) (N=29) (N=21) (N=22) (N=28)
Absent 33 (66%) 29 (100%) 4 (19%) <0.001 6 (27.30%) 27 (96.40%)  <0.001
Present 17 (34%) 0 0%) 17 (81%) 16 (72.70%) 1 (3.60%)

Categorical variables were expressed as number (percentage), continuous variables were expressed as mean + SD & median (range); I Chi-square
test; p< 0.05 is significant.

meningioma. * We detected high expression of TGM2 in 21 out of
Interpretation of immunohistochemical results TGM2 50 (42%) cases of meningioma.
expression: Tables 2 and 3; Figures 2and 3. * TGM2 expression was significantly higher in male

Figure 2. Immunohistochemical Expression of TGM2 in Meningioma; A and B high TGM2 expression in malignant
meningiomax400, C, High TGM2 expression in atypical meningiomax400, D, low TGM2 expression in benign
meningioma
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Table 4. Correlation Between TGM2, TXNIP Expression, Ki Labeling Index and Response to Therapy in Our Patients

All Response p- Response p-
value value
Characteristics OAR NR CR PR SD PD
(N=23) (N=19) (N=4) (N=17) (N=2) (N=2) (N=2)
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Ki67
Low 4 (17.40%) 4 (100%) 0 0%) 1.0003 4 (100%) 0 0%) 0 0%) 0 0%) 0.635%
High 19 (82.60%) 15 (78.90%) 4  (21.10%) 13 (68.40%) 2 (10.50%) 2 (10.50%) 2 (10.50%)
TGM2
Low 4 (17.40%) 2 (50%) 2 (50%)  0.125F 2 (50%) 0 0%) 1 (25%) 1 (25%)  0.289%
High 19 (82.60%) 17  (89.50%) 2  (10.50%) 15 (7890%) 2 (10.50%) 1 (5.30%) 1 (5.30%)
TXNIP
Low 19 (82.60%) 15 (7890%) 4 (21.10%) 1.000f 13  (68.40%) 2  (10.50%) 2  (10.50%) 2  (10.50%) 0.635%
High 4 (17.40%) 4 (100%) 0 (0%) 4 (100%) 0 (0%) 0 (0%) 0 (0%)
TGM2/TXNIP
Low/ 2 (8.70%) 0 0%) 2 (100%) 0.011§ O 0%) 0 0%) 1 (50%) 1 (50%)  0.018§
Low
Low/ 2 (8.70%) 2 (100%) 0 0%) 2 (100%) 0 0%) 0 0%) 0 0%)
High
High/ 17 (73.90%) 15 (88.20%) 2  (11.80%) 13 (76.50%) 2 (11.80%) 1 (5.90%) 1 (5.90%)
Low
High/ 2 (8.70%) 2 (100%) 0 0%) 2 (100%) 0 0%) 0 0%) 0 0%)
High
TGM2/TXNIP

High/ 19  (82.60%) 17  (89.50%) 2 (10.50%) 0.125% 15 (78.90%) 2 (10.50%) 1 (5.30%) 1 (5.30%)  0.289%
Low or

High

Low/ 4 (17.40%) 2 (50%) 2 (50%) 2 (50%) 0 0%) 1 (25%) 1 (25%)

Low or

High

Categorical variables were expressed as number (percentage); continuous variables were expressed as mean + SD & median (range); * Independent
samples Student's t-test; « Kruskal Wallis H test; § Chi-square test; § Chi-square test for trend; p< 0.05 is significant.

patients (p=0.02). » We found no significant correlations between TXNIP

* TGM2 over expression was significantly positively ~ expressions, dose of radiotherapy or therapy response.
correlated with higher meningioma grade (p=0.002) and Progression and survival analysis in relation to
high KI labeling index (p=0.000). TGM2expression: Tables 4, 5 and 6, Figures 4 and 5.

* We found no significant correlations between * High TGM2 expression was positively correlated
TGM2expression, age of the patient, site or presence of  with the presence of residuals after surgery, high incidence
calcification in meningioma. of recurrence after surgery, the postoperative radiotherapy

Progression and survival analysis in relation to TXNIP ~ usage, meningioma progression to higher grades and with
expression: Tables 4, Sand 6, Figures 4 and 5. recurrence free survival (p=0.000).

» High TXNIP expression was negatively correlated » We found no significant correlations between TXNIP

with the presence of residuals after surgery, high incidence ~ expressions, dose of radiotherapy or therapy response.
of recurrence after surgery, postoperative radiotherapy

usage, meningioma progression to higher grades and with

recurrence free survival (p=0.000).
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Figure 3. Ki67 Labeling Index in Meningioma. A, High Ki67 labeling index in malignant meningiomax400, B, High
Ki67 labeling index in malignant meningiomax400, C, Low ki67 labeling index in benign meningiomax400
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Table 5. Correlation Between TGM2, TXNIP Expression, Ki Labeling Index and Disease Recurrence in Our Patients

Characteristics

All Recurrence p-value Recurrence Free Survival (RFS) p-valuet
Absent Present Mean RFS 3y RFS 5y RFS
(N=45) (N=32) (N=13) (months) (%) (%)
No. (%) No. (%) No. (%)
All patients 50 (100%) 32 (71.10%) 13 (28.90%) 48.09 (75.20%)  (68.90%)
Ki67
Low 30 (66.70%) 24 (80%) 6 (20%) 0.086% 529 (86.40%)  (78.20%) 0.016
High 15 (33.30%) 8 (53.30%) 7 (46.70%) 38.84 (52.50%)  (52.50%)
TGM2
Low 28 (62.20%) 28 (100%) 0 0%) <0.001% 60 (100%) (100%) <0.001
High 17 (37.80%) 4 (23.50%) 13 (76.50%) 27.21 (34.30%)  (11.40%)
TXNIP
Low 17 (37.80%) 5 (29.40%) 12 (70.60%)  <0.001% 31 (41.20%) (24.70%)  <0.001
High 28 (62.20%) 27 (96.40%) 1 (3.60%) 58.68 (96.40%)  (96.40%)
TGM2/TXNIP
Low/Low 2 (4.40%) 2 (100%) 0 0%) <0.001§ 60 (100%) (100%) <0.001
Low/High 26 (57.80%) 26 (100%) 0 0%) 60 (100%) (100%)
High/Low 15 (33.30%) 3 (20%) 12 (80%) 26.42 (33.30%)  (11.10%)
High/High 2 (4.40%) 1 (50%) 0 0%) 24 (50%) (50%)
TGM2/TXNIP
High/Low or High 17 (37.80%) 4 (23.50%) 13 (76.50%)  <0.001% 27.2 (34.30%)  (11.40%)  <0.001
Low/Low or High 28 (62.20%) 28 (100%) 0 0%) 60 (100%) (100%)
Response (N=18) (N=7) (N=11)
CR 17 (94.40%) 6 (35.30%) 11 (64.70%)  0.389% 31.08 (32.30%)  (32.30%) 0.299
SD 1 (5.60%) 1 (100%) 0 0%) 60 (100%) 100%)

Categorical variables were expressed as number (percentage); continuous variables were expressed as mean + SD & median (range); * Independent
samples Student's t-test; § Chi-square test; § Chi-square test for trend;  Log rank test; p< 0.05 is significant.
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Figure 4. Kaplan-Meier Plot of Recurrence Free Survival. (A) stratified according to TGM2, (B) stratified according
to TXNIP, (C) stratified according to TGM2 & TXNIP.
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Table 6. Correlation Between TGM2, TXNIP Expression, Ki Labeling Index and Survival of Our Patients

Characteristics All Mortality p- value Overall Survival (OS) p- valuet
Absent Present Mean OS 3yOS 5yOS
(N=50) (N=33) (N=17) (months) (%) (%)
No. (%) No. (%) No. (%)
All patients 50 (100%) 33 (66%) 17 (34%) 46.35 68.60%  62.90%
Ki67
Low 30 (60%) 24 (80%) 6 (20%) 0.010% 53.69 86.20%  77.90%  <0.001
High 20 (40%) 9 (45%) 11 (55%) 35.01 40.70%  40.70%
TGM2
Low 29 (58%) 29 (100%) 0 (0%) <0.001% 60 100% 100% <0.001
High 21 ((42%)) 4 (19%) 17 (81%) 27.2 25.70% 8.60%
TXNIP
Low 22 (44%) 6 (27.30%) 16 (72.70%)  <0.001% 30.11 32.70%  19.60%  <0.001
High 28 (56%) 27 (96.40%) 1 (3.60%) 58.67 95.80%  95.80%
TGM2/TXNIP
Low/Low 3 (6%) 3 (100%) 0 (0%) <0.001§ 60 100% 100% <0.001
Low/High 26 (52%) 26 (100%) 0 (0%) 60 100% 100%
High/Low 19 (38%) 3 (15.80%) 16 (84.20%) 26.43 25.30% 8.40%
High/High 2 (4%) 1 (50%) 1 (50%) 28 0% 0%
TGM2/TXNIP
High/Low or High 21 (42%) 4 (19%) 17 (81%) <0.001% 27.2 25.70% 8.60% <0.001
Low/Low or High 29 (58%) 29 (100%) 0 (0%) 60 100% 100%

Categorical variables were expressed as number (percentage), continuous variables were expressed as mean + SD & median (range); * Independent
samples Student's t-test; I Chi-square test; § Chi-square test for trend; T Log rank test; p< 0.05 is significant.

Discussion

Prognosis and quality of life of patients having
meningioma have improved, recently, due to advancement
in the treatment options. But recurrence rates of high grade
meningiomas patients are still high (Soussain et al., 2009).
So, important point in the recent research is to detect novel
biomarkers that could help to identify patient with more
liability for recurrence, discover new therapeutic targets
to improve their outcomes. We have chosen to evaluate
TXNIP expression in meningioma as it was found to have
many biological roles in normal and neoplastic tissues;
like the stimulation of cell proliferation, apoptosis,
transcription process regulation and mediating the NK
cells development (Kim et al., 2007). But its predictive
role in meningioma needs clarifications. In our study, using
immunohistochemistry, we showed that TXNIP expression
was negatively correlated with meningioma pathological
grade, KI labeling index meningioma progression to
higher pathological grades. Furthermore, in this study,
we also found that TXNIP expression was significantly
negatively correlated with recurrence and recurrence free
survival rates of patients with meningiomas. our results
are similar to results of Cai Z et al., (2017), who find
similar results in meningioma and results of Morrison
et al., (2014), that identified TXNIP down regulation
or even loss was positively correlated with thyroid
tumors progression more aggressive and undifferentiated
subtypes, which calcified its tumor suppressor role. TXNIP
tumor suppressor role was explained by many studies
which was related to disturbances in control of the cell
cycle. TXNIP may stop the cell cycle in the GO/G1 phase
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by controlling a variety of regulatory proteins e.g. cyclin
A, p27kip and p16 that could suppress tumor growth (Yam
et al., 2002; Jeon et al., 2005), also, TXNIP control NK
cells maturation and function. NK cells are parts of the
immune system and had an important role against tumor
progression and spread. So, TXNIP down regulation will
lead to immune system suppression that stimulate and
enhance tumor progression (Barber et al., 2007). TXNIP
down regulation had been proved to be associated with
progression, aggressive disease, advanced stage, shorter
metastasis-free intervals and poor prognosis in many
cancers (Nishizawa et al., 2011; Woolston et al., 2012; Lim
et al., 2012), also, TXNIP mRNA down regulation was
inversely correlated to progression of melanoma Goldberg
etal., (2003). Down regulation of TXNIP could happen at
several levels e.g. epigenetic, transcription or translation
(Zhou et al., 2011). These results clarified the tumor
suppressor role of TXNIP in cancers which explained our
results that TXNIP over expression in meningioma could
prevent its progression to higher grades and recurrence
after adequate surgery. Another explanation of the tumor
suppressor role of TXNIP that it could reduce invasion
and tumor angiogenesis by down regulation of thioredoxin
which decrease tumor cell survival by stimulating a
pro-apoptotic factors (Goldberg et al., 2003; Dunn et al.,
2010). So, TXNIP down regulation in a meningioma could
stimulate tumor cell survival, invasion, and metastasis.
Different from our study in Li Y et al., (2015) study,
which find that high TXNIP expression was correlated
to a shorter PFS rate in non-small lung cancer (NSCLC)
patients; also they demonstrated that TXNIP expression
was up-regulated in hypoxic condition and the mechanism



through which TXNIP expression was affected by hypoxia
has not been explained. These variable results proved the
complex conflicting roles of TXNIP in cancer cell survival,
apoptosis and progression that depend on cell types.
Previous studies explained TXNIP pro-apoptotic roles
by activating many death pathways (Chen et al., 2008).
TGM2 has many biological functions, and disturbance
in its expression has been related to occurrence of many
diseases e.g. neurodegenerative diseases, celiac disease
and cancer (Wang and Griffin, 2012). Consistent with our
finding of that TGM2 over expression was significantly
positively correlated with higher meningioma grade,
high KI labeling index, the presence of residuals after
surgery, with high incidence of recurrence after surgery,
the postoperative radiotherapy usage, with meningioma
progression to higher grades and positively correlated
with recurrence free survival (p=0.000). Similar to our
results Huang YC et al., (2014) and Wang et al., (2012)
also revealed TGM2 over expression was present in
aggressive high grade meningiomas more than low-grade
meningioma. Also Park et al., (2012), that had explored
TGM2 expression in clear cell renal cell carcinoma
(ccRCC) and they proved that its over expression in
CCRCC was positively correlated with Fuhrman nu—clear
grade and worse survival rates (Wang et al., 2012). Many
studies revealed similar results to us, that TGM2 over
expression was positively correlated with progression
and dismal outcome of many cancers e.g. hepatocellular
carcinoma, non-small cell lung cancer, or laryngeal cancer
(Park et al., 2015; Sun et al., 2008; Choi et al., 2011)

Also, TGM2 over expression significantly related to
chemotherapy-resistance in cancer breast (Jin et al., 2012)
and cancer lung (Park et al., 2010). TGM2 over expression
associated with poor survival rate in glioma patients, also,
TGM2 inhibitors e.g. glucosamine, cystamine, or KCC009
increased malignant cell death in glioma (Yuan et al.,
2007), cancer breast (Kim et al., 2009), and in pancreatic
cancer (Fujisawa et al., 2012). These data in addition to our
results roved that TGM2 over expression is correlated to
aggressive course of many tumors, so it could be beneficial
as a therapeutic target for cancers.

TGM2 is expressed in plethora of human tissues
exerting many opposing roles on cellular growth and
apoptosis through many enzymes and intermediate
components, ¢.g. GTPase, transaminase, protein disulfide
isomerase and kinase activities. But its exact role in cancer
development still needs clarifications. Siegel and Khosla,
(2007), found that TGM2 activates NF-kB, tyrosine kinase
and focal adhesion kinase (FAK); that subsequently could
activate anti-apoptotic pathways which make cancer cells
immortalized, and that inhibition of TGM2 decreased
meningioma cell growth, which was similar to results
of Huang YC et al., (2014). Another mechanism of how
TGM2 participated in cancer progression that it could
control malignant cell migration into the ECM, invasion,
angiogenesis and metastases (Lentini et al., 2013).
Previous researchers have explained possible mechanisms.
First, regarding TGM2 role in cancer cell adhesion, Park
et al., (2015) found that its overexpression in breast
cancer incresed cell invasion and spread by interaction
with B integrins and fibronectin that are essential ECM
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components. Erdem et al., (2014) found that TGM2 over
expression in RCC that subsequently lead to increase
in syndecan-4 and B1 integrin levels increased RCC
metastasis. A second role; TGM2 regulates apoptosis and
its inhibition stabilizes p53 levels, increasing apoptosis in
cancer cells (Ku et al., 2013). All these results proved the
role of TGM2 in increasing cancer cells aggressiveness,
metastasis and survival, which was similar to our results
in that TGM2 over expression was related to tumor
recurrence, high nuclear grade and poor prognosis of
meningioma patients. So, future studies must focus on
this TGM2 which might lead to discovering more efficient
treatment options for patients with aggressive recurrent
meningioma.

Summery In our study we investigated the expression
levels of TXNIPand TGM2 corelating their expression
with each other and with the proliferation marker Ki67;
we found inverse significant correlation between TXNIP
and TGM2 expression in meningioma patients and we
explained their opposing role regarding apoptosis and
progression of meningioma, and our study is the first
to explain their roles together with the possibility of
future use of them as therapeutic targets for adequate
management of meningioma patients preventing its
progression and recurrence. Further extended studies on
large number of patients are needed to clarify roles of
TXNIP and TGM2 expression in cancer cell proliferation,
apoptosis and control of cell cycle.
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