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Plasma alpha B crystallin as potential 2
biomarker for predicting pre-operative
seizures in glioma

Yongsheng Xie'?", Zengxin Qi"*", Yusheng Tong'? and Nan Zhou'*"

Abstract

Purpose Glioma-associated epilepsy affects a significant proportion of glioma patients, contributing to disease
progression and diminished survival rates. However, the lack of a reliable preoperative seizure predictor hampers
effective surgical planning. This study investigates the potential of Alpha B crystallin protein (CRYAB) plasma levels as a
predictive biomarker for epilepsy seizures in glioma patients.

Methods Plasma samples were obtained from 75 participants, including 21 glioma patients with pre-operative
epilepsy, 14 glioma patients without pre-operative epilepsy, and 21 age- and sex-matched control subjects.
Additionally, 11 idiopathic epilepsy patients and 8 intractable epilepsy patients served as positive disease control
groups. The study utilized ELISA to accurately quantify the circulating levels of CRYAB in the plasma samples of all
participants.

Results The analysis revealed a significant reduction in plasma CRYAB levels in glioma patients with pre-operative
epilepsy and idiopathic epilepsy. The receiver operating characteristic (ROC) curve analysis displayed an impressive
performance, indicating an AUC of 0.863 (95% Cl, 0.810-0.916) across the entire patient cohort. Furthermore, plasma
CRYAB levels exhibited a robust diagnostic capability, with an AUC of 0.9135, a sensitivity of 100.0%, and a specificity
of 73.68%, effectively distinguishing glioma patients with preoperative epilepsy from those without epilepsy. The
Decision Curve Analysis (DCA) underscored the clinical relevance of plasma CRYAB levels in predicting pre-operative
epilepsy in glioma.

Conclusion The findings imply that the reduced levels of CRYAB may assist in prediction of seizure occurrence in
glioma patients, although future large-scale prospective studies are warranted.
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Introduction

The incidence of glioma, the most prevalent malignant
tumors in the central nervous system, exceeds 60 million
worldwide. Epilepsy associated with glioma frequently
arises in 40-70% of glioma patients. Epilepsy markedly
reduces the quality of life for these patients and leads
to considerable economic and neurocognitive decline.
Additionally, epilepsy has been associated with ampli-
fied disease progression and decreased survival rates in
patients with glioma [1, 2]. In cases of glioma, the recur-
rence or worsening of seizures after initial antitumor
therapy signifies progression in roughly two-thirds of
patients [3, 4]. Attaining seizure freedom is crucial for
surgical planning; however, a dependable predictor of
preoperative seizures has not yet been identified, high-
lighting the urgent requirement for a biomarker capable
of predicting epilepsy before initiating treatment.

The Alpha B crystallin protein (CRYAB) is a extensively
studied and prominent member of the small chaperone
protein family within the heat shock protein group [5].
Elevated levels of CRYAB mRNA or protein have been
associated with various pathological conditions, particu-
larly in the brain. These conditions include Alexander’s
disease, a rare hereditary degenerative brain disorder in
children [6]; diffuse Lewy body disease, one of the major
neurodegenerative dementing diseases in humans [7,
8]; tuberous sclerosis, an autosomal dominant disorder
characterized by benign tumor growth and malforma-
tions in the skin, central nervous system, kidney, and
other organs [9, 10]; ballooned neurons observed in vari-
ous disorders such as Creutzfeldt-Jacob disease [11, 12];
and glial tumors [13-15]. Regarding epilepsy, elevated
levels of immunoreactive CRYAB in astrocytes and oli-
godendrocytes have been identified in pediatric epilep-
tic patients [16—18]. Animal studies have shown that
repeated seizure induction upregulates CRYAB in kin-
dling models in rats [19, 20], mice [21], and canines [20].
Considering the association between repeated kindled
seizures and increased seizure susceptibility along with
reduced seizure thresholds, the upregulation of CRYAB
may indicate its involvement in the pathophysiological
mechanisms underlying epilepsy development. Given
previous observations of activated crystallin in epilep-
togenic tissue [16—18] as well as its high expression in
glioma tissue [13-15], it is reasonable to propose that
CRYAB could potentially serve as a metabolic marker
for epileptic activity when measured in the plasma of
patients with glioma. This study aimed to investigate
plasma levels of CRYAB as a biomarker for predicting
epilepsy seizures among patients with glioma.
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Method

Patients

Patients were classified into five groups: the pre-seizure
group, including patients with glioma who experienced
frequent seizures during the pre-operation period; the
no-seizure group, comprising patients with glioma who
did not experience any seizure events or only a single
event during the pre-operation period; the intractable
epilepsy group, consisting of non-brain tumor patients
with a long course of epilepsy; the idiopathic epilepsy
group, serving as a positive epileptic disease control;
and finally, the control group, consisting of age- and sex-
matched healthy subjects serving as negative controls.
The study obtained approval from the Ethics Commit-
tee of Huashan Hospital, Fudan University. Histologi-
cal classification was conducted in accordance with the
2016 WHO standards for grading central nervous system
tumors [22], encompassing grades I to IV. The predomi-
nant histological types included astrocytoma, oligoden-
droglioma, and glioblastoma. The diagnosis of epileptic
seizures was established based on the 2017 International
League Against Epilepsy (ILAE) criteria [23], with semi-
ological seizure classification performed through pre-
operative evaluation. Additionally, a majority (84%)
underwent intraoperative electrocorticography (iIECoG)
during awake craniotomy-assisted surgery. The exclusion
criteria were as follows: (1) a history of previous treat-
ment for glioma or other intracranial diseases; (2) a his-
tory of previous or concomitant malignant disease; and
(3) inadequate liver or renal function. Demographic and
clinical data of all enrolled patients were retrospectively
obtained through a comprehensive review of their medi-
cal records. The collected clinical data included patient
demographics, epileptic seizure history, tumor location,
tumor grade (according to the revised WHO 2016 clas-
sification) [16], p53 expression levels, IDH1 mutation
status, Ki-67 proliferation index values, CD34 expression
levels, olig-2 expression levels, and ATRX expression lev-
els (refer to Tables 1 and 2 for detailed information).

Plasma collection

Plasma samples are obtained during the patient’s first
routine blood test after admission. A 2 ml venous blood
sample was collected from each patient. The samples
were drawn into tubes containing EDTA and immedi-
ately centrifuged at room temperature (centrifugation at
2,500 x g) to separate the plasma. The resulting superna-
tant was then transferred into RNase-free EP tubes and
stored at -80°C until use.

ELISA measurements of plasma CRYAB

The sample and CRYISA Kit (Human) (OKEH04152,
CA, Aviva Systems Biology) were equilibrated to room
temperature prior to use and promptly utilized. 1 mL
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Table 1 Demographic and clinical characteristics of the glioma patients
Total Pre-epilepsy Non-epilepsy P
N=35 N=21 N=14
Gender (male/female) 22/13 16/5 6/8 0.075
Age at Diagnosis 49 (29-73) 47(29-70) 51(29-73) 0.465
WHO Grade 0.258
Il 13(37%) 10 (48%) 3(21%)
I 3(9%) 2 (10%) 1 (7%)
\% 19(54%) 9 (43%) 10(71%)
Tumor Laterality 0.036
Left 10(29%) 8(38%) 2(14%)
Right 13(37%) 4(19%) 9(64%)
Midline 0 0 0
Tumor Location 0.602
Frontal 15(43%) 9(43%) 6(43%)
Parietal 0 0 0
Temporal 5(14%) 3(14%) 2(14%)
Occipital 1(3%) 0 1(7%)
Other (Deep nuclei or thalamic) 1(3%) 0 1(7%)
Tumor pathology (2016 WHO) 0.381
I Diffuse astrocytoma, IDH1 ™t 3(9%) 2 (10%) 1(7%)
Oligodendro, IDHT ™ and 1p/19g-codeleted 4(11%) 3 (14%) 1(7%)
Oligodendro IDH1 ™ 0 0 0
Il Diffuse astrocytoma, IDH1 " 0 0 0
Anaplastic astrocytoma, IDH1 ™t 0 0 0
Anaplastic astrocytoma, IDH1T ™t 0 0 0
Oligodendro anaplastic, IDH1 ™" and 1p/19g- codeleted 2 (6%) 2 (10%) 0
% Glioblastoma, IDH1 "t 14 (40%) 6 (29%) 8 (57%)
Glioblastoma, IDH1 ™" 13%) 1(5%) 0
Diffuse astrocytoma ™ 2 (6%) 1(5%) 1(7%)

of Sample Diluent was added to the lyophilized CRYAB
standard containing 10 ng for the preparation of stan-
dards. The standard samples were diluted at seven
concentrations according to the instructions. The 1X
Biotinylated CRYAB Detector Antibody was prepared
immediately before use by diluting 100X Biotinylated
CRYAB Detector Antibody with Detector Antibody Dilu-
ent in a ratio of 1:100. The wash buffer solution was pre-
pared by transferring the entire contents (30 mL) from
the Wash Buffer bottle into a clean vessel containing
ultra-pure water (720 ml), with a total volume of >1,000
mL. Subsequently, two replicates each were added for
samples and standards by dispensing 100 pL into micro-
plate wells. The plate was covered with a well plate sealer
and incubated at 37°C for a duration of 2 h. Subsequently,
the plate sealer was removed and the liquid present in
the wells was discarded. To ensure thorough drying, any
residual liquid within the wells was carefully blotted by
tapping them upside down onto paper toweling. 100 pL
of prepared 1X Biotinylated CRYAB Detector Antibody
was added to each well. The wells were covered with a
well-plate sealer and incubated at 37°C for 60 min. Any
remaining liquid was blotted. The plate were washed with
1X Wash Buffer, followed by the addition and removal

of 300 pL wash buffer after each one-minute incubation
period. 100 pL of prepared 1X Avidin-HRP Conjugate
was added to each well, followed by covering the plate
with a sealer and incubating it at 37°C for 60 min. The
excess liquid was absorbed by blotting. The plate was
subjected to five rounds of washing with 1X Wash Buf-
fer, with the addition and removal of excess wash buffer
after each one-minute incubation period. The addition of
90 pL of TMB Substrate was performed in each well. The
microplate was then sealed using a plate sealer and incu-
bated at 37°C without exposure to light for a duration
of 30 min. Following this, the addition of 50 pL of Stop
Solution was carried out in each well. The optical density
(O.D.) absorbance was immediately measured at 450 nm
using a microplate reader. Subsequently, the mean values
of the obtained results were calculated, and the coeffi-
cient of variation (CV) was determined for each parame-
ter. This analysis revealed an intra-assay CV of 4.31% and
an inter-assay CV of 8.4% for CRAYB.

Statistical analysis

Continuous variables were reported as mean and stan-
dard deviation, while categorical variables were presented
as counts (percentages). Fisher’s exact test was employed
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Table 2 Immunohistochemical indices of the study population
Total Pre-epilepsy Non-epilepsy Pvalue
N=35 N=21 N=14
GFAP N (%)
M) 0(0) 0(0) 0(0)
(i) 35 (100%) 21 (100%) 14 (100%)
IDH-1, N (%) 0.122
M) 18 (51%) 8 (38%) 10 (71%)
(i(+) 14 (40%) 10 (48%) 4 (29%)
Missing 3(9%) 3(14%) 0(0)
Olig-2, N (%)
M) 0(0) 0(0) 0(0)
(i) (+) 35 (100%) 21 (95%) 14 (100%)
P53,N (%) 0.185
) 10 (28.5%) 8 (38%) 2 (14%)
(i) (+) 24 (68.5%) 12 (57%) 12 (86%)
Missing 1(3%) 1(5%) 0(0)
ATRX, N (%) 0.776
(i) 4(11%) 3 (14%) 1(7%)
(i (+) 30 (86%) 17 (81%) 13 (93%)
Missing 1(3%) 1(5%) 0(0)
H3K27ME3, N (%) 0.714
M) 1(4.5%) 1 (8%) 0(0)
(i(+) 20 (91%) 11 (92%) 9 (90%)
Missing 1 (4.5%) 0(0) 1(10%)
Ki-67, N (%) <0.001
(i)Low 22 (63%) 18 (85.7%) 4 (29%)
(ilMedium 9 (26%) 1 (4.8%) 8 (57%)
(iiHigh 4(11%) 2(9.5%) 2 (14%)
FuBP1, N (%) 1.000
M) 1 (3%) 1(5%) 0(0)
(i) 29 (83%) 17 (81%) 12 (86%)
Missing 5 (14%) 3 (14%) 2 (14%)
BRAFV600E, N (%) 0.019
M) 26 (74%) 19 (90%) 7 (50%)
(i) (+) 6 (17%) 1 (5%) 5 (36%)
Missing 3(9%) 1 (5%) 2 (14%)
Nestin, N (%) 0.122
i) 8 (23%) 7 (33.3%) 1(7%)
(i) 23 (66%) 11 (52.4%) 12 (86%)
Missing 4(11%) 3(14.3%) 1 (7%)

to compare the presence and absence of preoperative sei-
zure groups for tumor grade, tumor side, tumor pathol-
ogy, IDH1 mutation, ARTX retention, MGMT gene
promoter methylation, p53 expression, and Ki67. A mul-
tivariate analysis was conducted including all factors ana-
lyzed in the univariate analysis. SPSS 17.0 software (IBM
Corporation, Armonk, NY) was utilized for all statisti-
cal analyses. All tests were two-sided and a significance
level of p<0.05 was considered statistically significant.
To evaluate the discriminative ability of plasma CRYAB
changes in distinguishing between subjects with pre-
seizures and those without seizures in glioma patients,

a receiver operating characteristic (ROC) curve and the
area under the ROC curve (AUC) were calculated.

Results

Baseline clinical characteristics of participants and
experimental data

In the present study, plasma samples were obtained
from 75 participants, including 21 glioma patients with
pre-operative epilepsy (G+E), 14 glioma patients with-
out pre-operative epilepsy (G-E), and 21 age- and sex-
matched control subjects (control) recruited for this
study. Additionally, 11 idiopathic epilepsy (E) patients
and 8 intractable epilepsy patients (IE) were included as
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Fig. 1 Plasma alpha B crystallin (CRYAB) in glioma with preoperative epi-
lepsy. ELISA measurement of CRYAB in glioma patients with preoperative
epilepsy (G+E), glioma without preoperative epilepsy (G-E), the patients
with intractable epilepsy (IE) and epilepsy (E) patients. The plasma CRYAB
levels in epilepsy groups were significant decreased compared with other
four groups (p<0.0001)

positive disease control groups. The circulating levels of
CRYAB were successfully quantified in the plasma sam-
ples of all patients by ELISA. No significant differences in
gender and age were found among the five groups, except
for the age of the intractable epilepsy groups, which was
younger than that of the other groups (see Supplement
Table 1). The demographic and baseline characteristics
were obtained from clinical or pathologic records. The
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detailed demographic and clinical characteristics of gli-
oma subjects were listed in Table 1.

Plasma CRYAB was significantly decreased in glioma
patients with pre-operative epilepsy and epilepsy

We initially investigated differences in the levels of
plasma CRYAB among five groups; ELISA measure-
ments were conducted on the subjects mentioned above.
ANOVA analysis revealed significant differences in
plasma CRYAB levels among the five groups (F=15.12,
p<0.0001). Tukey’s multiple comparisons test indicated
that the lowest levels of plasma CRYAB were found in
the idiopathic epilepsy patients (100.5+10.95 pg/ml).
Interestingly, plasma CRYAB levels were significantly
lower in the G+E group (133.1£7.45 pg/ml) than in the
G-E group (215.9+17.28 pg/ml) (p<0.0001) (see Fig. 1).
However, there was no difference in the levels of plasma
CRYAB between the G+E and IE groups (190.3+17.61
pg/ml) (p>0.05) (see Fig. 1).

Clinical significance of plasma CRYAB as a potential
diagnostic biomarker

To assess the clinical relevance of plasma CRYAB lev-
els in distinguishing between glioma patients with
pre-operative epilepsy and those without, ROC curve
analysis was performed. Illustrated in Fig. 2, the analysis
demonstrated excellent predictive performance for epi-
lepsy type, with an AUC of 0.863 (95% CI, 0.810-0.916)
in the entire patient cohort. ROC analysis indicated that

A B C
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80 80 80
£ e £ 01 £ 60
= s £ :
g 40 — glioma with/without epilepsy 2 40 2 40
3 (AUC:0.9135, CI: 0.8178 to 1.000, 3 ~— epilepsy (AUC: 0.9474 ] — intractable epilepsy (AUC: 0.5000,
20 P<0.0001) 20 CI: 0.8451 to 1.000, P<0.0001) 20 CI: 0.2193 t0 0.7807 , P>0.9999)
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Fig. 2 ROC curve analysis and decision curve analysis in glioma with preoperative epilepsy. A: A receiver operating characteristic (ROC) curve analysis
shows that the concentration of CRYAB had a strong diagnostic power in discriminating glioma with epilepsy from glioma without epilepsy. B:and had a
strong diagnostic power in discriminating epilepsy from control. C: ROC curve analysis shows that the concentration of CRYAB had no diagnostic power
in discriminating intractable epilepsy from control. D: Decision curve analysis highlights the clinical benefit for the prediction of preoperative epilepsy
by the decreased circulating levels of plasma CRYAB in the glioma patient with (G +E) or without preoperative epilepsy (G-E). E: Decision curve analysis
highlights the clinical benefit for the prediction of epilepsy by the decreased circulating levels of plasma CRYAB in the epilepsy patient. F: The decision
curves revealed that the prediction model add no net benefit for prediction intractable epilepsy (IE) by the circulating levels of plasma CRYAB
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plasma CRYAB levels exhibited robust diagnostic capa-
bility (AUC of 0.9135, best cutoff value of CRYAB with
sensitivity and specificity of 100.0% and 73.68% respec-
tively) in discriminating between glioma with epilepsy
and glioma without epilepsy (Fig. 2A). Correspondingly,
there was strong diagnostic potential (AUC of 0.9474,
best cutoff value of CRYAB with sensitivity and speci-
ficity of 90.91% and 100% respectively) in distinguish-
ing idiopathic epilepsy from the control group (Fig. 2B).
Conversely, the ROC curve analysis revealed that plasma
CRYAB levels had no diagnostic power (AUC of 0.5000)
in distinguishing intractable epilepsy from control sub-
jects (Fig. 2C).

Determining the predictive accuracy of the CRYAB-
signature in the glioma with pre-operative epilepsy using
ROC analysis

Decision curve analysis (DCA) emphasizes the clinical
benefits of predicting pre-operative epilepsy and manag-
ing the disease through plasma levels of CRYAB. Deci-
sion curves of the multivariate prediction models for
glioma patients with pre-operative epilepsy were based
on (A) plasma levels of CRYAB and (B) the multivari-
able model integrating circulating levels of CRYAB. Net
benefit is plotted across various threshold probabilities.
Given the clinical significance of plasma CRYAB levels in
predicting pre-operative seizures, we sought to evaluate
their clinical utility in patient treatment. Decision curve
analysis, conducted following Vickers et al., underscored
the clinical benefit of tested CRYAB levels in predicting
treatment for glioma patients with pre-operative epi-
lepsy (Fig. 2D) [24]. In this context, the univariate analy-
sis demonstrated the superior clinical value of circulating
CRYAB levels in glioma patients with pre-operative epi-
lepsy. The DCA of the G+E and G-E groups indicated

Table 3 Demographics and seizure related clinical
characteristics of study cohort

G+E IE Epilepsy P
Male: Female 16:5 6:2 10:1 0.661
Age (range) 4743 47+2 28+6 0.006
Case number 21 8 11
Course of epilepsy 0.001
<1year 17 1 6
1-10 year 4 3 2
>10 year 0 4 3
Onset of seizure 46.3 14.9 395 0.001
(years)
Bilateral tonic-clonic 8:13 53 5:6 0498
Yes: No
Number of ASMs 813 1.7 83 0.037
1:2

Note G+E: Glioma-related preoperative seizures, IE intractable epilepsy;
Laterality: Laterality of epileptogenic zone; ASMs: Number of anti-seizure
medication at inclusion, and 2 including also more than two kinds of ASMs
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that a threshold probability of plasma CRYAB levels
above 30% was clinically significant (Fig. 2D).

Factors affecting plasma CRYAB and clinic pathological
characteristics

The above findings suggest that plasma CRYAB may be a
useful diagnostic biomarker for predicting epilepsy dur-
ing the preoperative period in glioma patients. To iden-
tify factors potentially associated with tumor-related
epilepsy, demographic and tumor information was com-
pared between patients with and without seizures (see
Table 1 for a complete list). The chi-square test revealed
no statistically significant differences in age at diagnosis,
WHO grade, tumor location, and tumor pathology (2016
WHO) between glioma patients with and without pre-
operative seizures (Table 1). Analysis of immunohisto-
chemical indices and IDH1 mutation results showed no
differences in GFAP, Olig-2, P53, ATRX, H3K227ME3,
FuBP1, BRAFV600E, and Nestin between glioma patients
with and without pre-operative seizures (Table 2).
Although more patients exhibited lower expression of
Ki-67 (low, <5%; medium, 6-20%; high, >20%) in the
group with pre-operative seizures compared to those
without, no difference was observed in plasma CRYAB
levels between subjects with low Ki-67 expression
(136.7+£10.29) and those with high Ki-67 expression
(133.8%+5.73). Subsequent univariate and multivariate
analyses indicated no differences in these clinicopatho-
logical features between the two matched groups. It is
worth mentioning that, due to the limited sample size,
the study lacked sufficient statistical power to evalu-
ate differences in tumor molecular features between the
G+E and G-E groups.

We subsequently assessed the correlation between
CRYAB and the epileptic state. The comparison among
the five groups revealed that plasma CRYAB levels were
lowest in idiopathic epilepsy patients, followed by glioma
with pre-operative epilepsy. Interestingly, the plasma
CRYAB levels in IE patients mirrored those of the con-
trol cohort (see Fig. 1). Our findings indicated no sig-
nificant correlation between plasma CRYAB levels and
clinical features, such as seizure onset and the presence
or absence of grand mal (refer to Table 3). Intriguingly,
we observed a significant association between plasma
CRYAB levels and the duration of epilepsy (refer to
Table 3). Patients with an epileptic course of less than one
year exhibited the lowest levels of plasma CRYAB (refer
to Fig. 3). Additionally, the number of anti-seizure medi-
cation ASM used was also linked to plasma CRYAB levels
(refer to Table 3). The influence of the number of ASMs
on CRYAB levels was investigated by comparing patients
using 1 or 2 (n=4) with those using 3 or 4 ASMs within
the intractable epilepsy group (n=4). As showed in
Fig. 4A, there was no difference in CRYAB levels. p=0.26
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Fig. 3 Alterations in plasma alpha B crystallin (CRYAB) during the course
of epilepsy. The levels of CRYAB were significant decreased in the patients
with epileptic course shorter than one year when all of the epileptic pa-
tients including glioma with preoperative seizure, intractable epilepsy and
epilepsy were pooled together

indicating the number of administration of ASMs might
not effect on the CRYAB levels. The ASMs is routinely
employed in glioma patients period to surgery in our hos-
pital as prophylactic administration, regardless of seizure
occurrence. Specifically, we compared the CRYAB levels
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between glioma patients with or without epilepsy who
all taken ASMs within a two-week timeframe. Again, the
CRYAB levels was significant lower in glioma patients
with epilepsy than that of without epilepsy indicating
that CRYAB levels is more disease dependent than the
administration of ASMs (Fig. 4B). Furthermore, the cor-
relation between the duration of ASMs used and CRYAB
levels were performed by Spearman analysis. The three
groups of patients who taken ASMs more than one years
were included (#=15). There was no correlation between
the duration of ASMs and the levels of CRYAB. r=0.02,
p=0.95 (Fig. 4C). In addition, the duration of ASMs
administration, whether shorter or (#=13) longer than
two weeks (#=7), did not demonstrate any significant
differences in the group of glioma patients with epilepsy.
P=0.64 (Fig. 4D). To further assess whether the lower
quartile of plasma CRYAB levels in the G-E group is
attributed to their treatment with ASMs and if there is an
overlap between the lower quartile levels and those of the
G+E groups receiving ASMs, an analysis was conducted
on the first quartile and median levels of CRYAB across
all groups (Supplementary Table 3). In the lower quartile
of the G-E group, three patients underwent prophylactic
administration of 1 or 2 ASM prior to surgery. Among
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Fig. 4 The administration of AEDs does not have any impact on the plasma levels of CRYAB. A: No influence of the number of AEDs on CRYAB levels. 1-2:
using 1 or 2 AEDs, 3-4: using 3 or 4 AEDs, N=4 in each group, P=0.26; B: Two weeks used of AEDs had no effect on CRYAB levels in glioma patients. The
administration of AEDs occurred within a two-week timeframe for both patient groups; however, glioma patients with epilepsy (G+E n=13) exhibited
lower levels of CRYAB compared with glioma patients without epilepsy (G-E n=12) (p=0.0005); C: No relationship between the duration of AEDs used and
CRYAB levels. There was no correlation between the duration of AEDs ranged from 1 year to 30 years and the levels of CRYAB. r=0.02, p=0.95.The patients
consisted of glioma with epilepsy (n=5) intractable epilepsy (7) and idiopathic epilepsy (n=3); D: The duration of AED administration, whether shorter or
(n=13) longer than two weeks (n=7), did not demonstrate any significant differences in glioma patients with epilepsy. P=0.64
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them, patient G22 received levetiracetam for a duration
of two days, patient G26 received both levetiracetam and
valproate for two days, and patient G27 received both
levetiracetam and valproate for three days. Their plasma
CRYAB levels were recorded as 152.88, 159.33, and
142.05 respectively; these values did not overlap with the
median level observed in the G+E group. These results
indicate that CRYAB levels is more disease dependent
than the administration of ASMs. Regarding tumor treat-
ment, a total of four patients with G+E and two patients
with G-E received radiotherapy and chemotherapy. The
plasma CRAYB level was monitored within the respec-
tive groups.

Discussion

This study primarily aimed to compare associations of
plasma CRYAB levels with preoperative seizures in gli-
oma patients. Our findings reveal that decreased plasma
levels of CRYAB are observed in glioma patients with
pre-operative seizures in comparison to those with-
out pre-operative seizures. The association between
decreased CRYAB levels and epilepsy was further sup-
ported by the identification of the lowest levels of plasma
CRYAB in idiopathic epilepsy patients. Moreover, the
decision curve analysis underscored the clinical utility of
tested CRYAB levels in predicting treatment for glioma
patients with pre-operative epilepsy.

The decreased plasma CRYAB in epilepsy is of par-
ticular interest, as early studies describe an increase in
the expression of CRYAB in astrocytes and oligoden-
drocytes of the neocortex, hippocampus, and amyg-
dala in pediatric epilepsy patients [16—18]. Notably, low
plasma levels of heat shock 70 protein, a family member
of CRYAB, were also found after an acute stroke to be
predictive of epilepsy in a large-scale study [25]. These
discrepancies may be attributed to the different protein
distribution in plasma and the central nervous system.
A well-known example is that amyloid A beta 40-42 is
typically decreased in the plasma, while it is increased in
cerebrospinal fluid in Alzheimer’s disease [26]. In addi-
tion, it was surprising that the plasma level of CRYAB
in intractable epilepsy patients was high compared to
the glioma with epilepsy and idiopathic epilepsy groups.
The reason for this may be that among the eight cases of
IE, only one case had a duration of epilepsy lasting for
less than one year while the remaining IE patients had
a duration exceeding ten years (Table 3). As showed in
Fig. 3, the patients who had longer duration of epilepsy
showed the higher levels of CRYAB (Fig. 3). The hypoth-
esis that plasma CRYAB levels may serve as an indicator
of epilepsy duration is highly intriguing, necessitating a
large-scale prospective study. Nevertheless, additional
large-scale studies are necessary in the future to verify
these results.
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CRYAB is a critical element of the tumor microenvi-
ronment, positively correlated with immune checkpoints,
tumor mutational burden, and influencing tumor prog-
nosis in human cancers [27, 28]. In glioblastoma condi-
tions, brain CRYAB levels are heightened [14, 29]. Studies
have consistently reported elevated levels of CRYAB in
GBM specimens [4, 10, 13, 14, 30, 31], establishing the
role of CRYAB in glioma genesis [32]. Interestingly, the
increased expression of CRYAB is considered to prolong
the survival of head and neck squamous cell carcinoma
under hypoxic conditions [33].

To mitigate potential confounding factors that might
impact the experimental results, we investigated the
influence of clinic pathology and molecular factors on
plasma CRYAB levels. No disparities were found in the
clinical characteristics of the glioma patients, includ-
ing WHO grade, tumor location, and the identified
molecular classification (WHO 2016), between the gli-
oma patients with and without pre-operative seizures
(Table 1). The immunohistochemical indices of the study
population showed no significant differences, apart from
the expression of the Ki67 proliferation index (Table 2).
A higher Ki67 labeling index may predict a greater like-
lihood of pre-operative seizures in glioma patients [34—
36]. However, we did not observe a difference in plasma
CRYAB levels between the low and high expression of the
Ki67 groups (see Supplement Fig S1). This lack of differ-
entiation might be associated with the variance in Ki67
expression between low and high-grade glioma, which
were not subdivided into subgroups due to limitations
in the number of cases in the analysis. A more extensive
sample size and extended follow-up period are necessary
to establish a more reliable conclusion.

Our study has several limitations. First, a relatively
small number of patients were enrolled. Second, CRYAB
levels were measured in several different forms of glioma,
such as diffuse astrocytoma, oloigodendroglioma, ana-
plastic astrocytoma, and glioblastoma. Furthermore, we
only measured the plasma levels of CRYAB, while other
potential sources of CRYAB, such as exosomes and tis-
sue, should also be measured. Additionally, factors like
age and onset of seizures may be confounding factors
affecting the plasma levels of CRYAB. The mean age at
the first seizure was younger in the epilepsy group com-
pared with the G+E and IE groups (Table 3). Regard-
ing medication, prophylactic administration of ASM is
routinely employed in our hospital for glioma patients
prior to surgery. As depicted in Fig. 4, the timing of
ASM administration within a two-week period does not
impact the levels of CRYAB in glioma patients. Further-
more, there is no correlation between long-term usage of
ASMs and CRYAB levels in glioma patients with epilepsy,
intractable epilepsy, and idiopathic epilepsy (Fig. 4).
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Conclusion

In summary, we discovered an association between
plasma CRYAB levels and the presentation of preopera-
tive seizures in glioma. The predictive value of CRYAB
can be further confirmed by utilizing a larger sample
size, implementing a validation testing set, or conducting
cross-validation.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512883-024-03740-x.

Supplementary Material 1
Supplementary Material 2
Supplementary Material 3

Supplementary Material 4

Acknowledgements
We thank Ms. Xiulin Liu and Mr. Yuanrong Ma for technical assistance in the
experiment.

Author contributions

YsX & ZxQ performed the research and wrote the manuscript, YsT analyzed
the data and performed the research, NZ designed the research, wrote and
reviewed the manuscript.

Funding

This work was supported by National Natural Science Foundation of China
(81701275), and Ministry of Science and Technology of the People’s Republic
of China No. 20227D0205202.

Data availability
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethical approval

The study were performed in accordance with relevant guidelines and
regulations and received approval from the Ethics Committee of Huashan
Hospital, Fudan University. We obtained signed written informed consent from
the patient’s legal guardian.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 16 November 2023 / Accepted: 20 June 2024
Published online: 06 July 2024

References

1. Klein M, Engelberts NH, van der Ploeg HM, Kasteleijn-Nolst Trenité DG,
Aaronson NK, Taphoorn MJ, Baaijen H, Vandertop WP, Muller M, Postma TJ,
Heimans JJ. Epilepsy in low-grade gliomas: the impact on cognitive function
and quality of life. Ann Neurol. 2003;54(4):514 - 20. https://doi.org/10.1002/
ana.10712. PMID: 14520665.

2. Sokolov E, Dietrich J, Cole AJ. The complexities underlying epilepsy in people
with glioblastoma. Lancet Neurol. 2023;22(6):505-516. doi: 10.1016/5S1474-
4422(23)00031-5. Epub 2023 Apr 27.

3. Avila EK, Chamberlain M, Schiff D, Reijneveld JC, Armstrong TS, Ruda R, Wen
PY, Weller M, Koekkoek JA, Mittal S, Arakawa Y, Choucair A, Gonzalez-Martinez

20.

Page 9 of 10

J,MacDonald DR, Nishikawa R, Shah A, Vecht CJ, Warren P, van den Bent MJ,
DeAngelis LM. Seizure control as a new metric in assessing efficacy of tumor
treatment in low-grade glioma trials. Neuro Oncol. 2017;19(1):12-21. https.//
doi.org/10.1093/neuonc/now190. Epub 2016 Sep 20. Erratum in: Neuro
Oncol. 2017;19(2):304. PMID: 27651472; PMCID: PMC5193028.

Hauff NS, Storstein A. Seizure Management and Prophylaxis considerations
in patients with brain tumors. Curr Oncol Rep. 2023,;25(7):787-92. https://
doi.org/10.1007/s11912-023-01410-8. Epub 2023 Apr 18. PMID: 37071297;
PMCID: PMC10256653.

Rajagopal P, Tse E, Borst AJ, Delbecq SP, Shi L, Southworth DR, Klevit RE. A
conserved histidine modulates HSPB5 structure to trigger chaperone activity
in response to stress-related acidosis. Elife. 2015;4. https://doi.org/10.7554/
elife.07304.

Iwaki T, Kume-lwaki A, Liem RK, Goldman JE. Alpha B-crystallin is expressed
in non-lenticular tissues and accumulates in Alexander’s disease brain. Cell.
1989,57:71-8. https://doi.org/10.1016/0092-8674(89)90173-6.

Lowe J, Landon M, Pike I, Spendlove I, McDermott H, Mayer RJ. Demen-

tia with beta-amyloid deposition: involvement of alpha B-crystallin

supports two main diseases. Lancet. 1990;336:515-6. https://doi.
0rg/10.1016/0140-6736(90)92075-s.

Lowe J, McDermott H, Pike I, Spendlove |, Landon M, Mayer RJ. Alpha B
crystallin expression in non-lenticular tissues and selective presence in ubig-
uitinated inclusion bodies in human disease. J Pathol. 1992;166:61-8. https://
doi.org/10.1002/path.1711660110.

Iwaki T, Iwaki A, Liem RK, Goldman JE. Expression of alpha B-crystallin in the
developing rat kidney. Kidney Int. 1991;40:52-6. https://doi.org/10.1038/
ki.1991.178.

Iwaki T, Iwaki A, Miyazono M, Goldman JE. Preferential expres-

sion of alpha B-crystallin in astrocytic elements of neuroectodermal

tumors. Cancer. 1991,68:2230-40. https://doi.org/10.1002/1097-
0142(19911115)68:10%3C2230::aid-cncr2820681023%3E3.0

€0;2-7.

Kato S, Hirano A, Umahara T, Kato M, Herz F, Ohama E. Comparative
immunohistochemical study on the expression of alpha B crystallin,
ubiquitin and stress-response protein 27 in ballooned neurons in vari-

ous disorders. Neuropathol Appl Neurobiol. 1992;18:335-40. https://doi.
0rg/10.1111/j.1365-2990.1992.tb00795 x.

Kato S, Hirano A, Umahara T, Llena JF, Herz F, Ohama E. Ultrastructural and
immunohistochemical studies on ballooned cortical neurons in Creutzfeldt-
Jakob disease: expression of alpha B-crystallin, ubiquitin and stress-response
protein 27. Acta Neuropathol. 1992;84:443-8. https://doi.org/10.1007/
bf00227673.

Aoyama A, Steiger RH, Frohli E, Schéfer R, von Deimling A, Wiestler OD,
Klemenz R. Expression of alpha B-crystallin in human brain tumors. Int J
Cancer. 1993;55:760-4. https://doi.org/10.1002/ijc.2910550511.

Goplen D, Bougnaud S, Rajcevic U, Bge SO, Skaftnesmo KO, Voges J, Enger P,
Wang J, Tysnes BB, Laerum OD, Niclou S, Bjerkvig R. aB-crystallin is elevated
in highly infiltrative apoptosis-resistant glioblastoma cells. Am J Pathol.
2010;177:1618-28. https://doi.org/10.2353/ajpath.2010.090063.
Hitotsumatsu T, Iwaki T, Fukui M, Tateishi J. Distinctive immu-
nohistochemical profiles of small heat shock proteins (heat

shock protein 27 and alpha B-crystallin) in human brain

tumors. Cancer. 1996,77:352-61. https://doi.org/10.1002/
(sici)1097-0142(19960115)77:2%3C352::Aid-cncr19%3E3.0.Co;2-0.
Knerlich-Lukoschus F, Connolly MB, Hendson G, Steinbok P, Dunham C. Clini-
cal, imaging, and immunohistochemical characteristics of focal cortical dys-
plasia type Il extratemporal epilepsies in children: analyses of an institutional
case series. J Neurosurg Pediatr. 2017;19:182-95. https://doi.org/10.3171/201
6.8.Peds1686.

Sarnat HB, Flores-Sarnat L. Alpha-B-crystallin as a tissue marker of epileptic
foci in paediatric resections. Can J Neurol Sci. 2009;36:566-74. https://doi.
0rg/10.1017/50317167100008052.

Sarnat HB, Hader W, Flores-Sarnat L, Bello-Espinosa L. Synaptic plexi of U-fibre
layer beneath focal cortical dysplasias: role in epileptic networks. Clin Neuro-
pathol. 2018;37:262-76. https://doi.org/10.5414/np301103.

ChiharaY, UedaY, Doi T, Willmore LJ. Role of endoplasmic reticulum stress

in the amygdaloid kindling model of rats. Neurochem Res. 2011;36:1834-9.
https://doi.org/10.1007/511064-011-0501-7.

Nowakowska M, Gualtieri F, von Riiden EL, Hansmann F, Baumgartner W,
Tipold A, Potschka H. Profiling the expression of endoplasmic reticulum stress
Associated Heat Shock proteins in Animal Epilepsy models. Neuroscience.
2020;429:156~72. https://doi.org/10.1016/j.neuroscience.2019.12.015.


https://doi.org/10.1186/s12883-024-03740-x
https://doi.org/10.1186/s12883-024-03740-x
https://doi.org/10.1002/ana.10712
https://doi.org/10.1002/ana.10712
https://doi.org/10.1093/neuonc/now190
https://doi.org/10.1093/neuonc/now190
https://doi.org/10.1007/s11912-023-01410-8
https://doi.org/10.1007/s11912-023-01410-8
https://doi.org/10.7554/eLife.07304
https://doi.org/10.7554/eLife.07304
https://doi.org/10.1016/0092-8674(89)90173-6
https://doi.org/10.1016/0140-6736(90)92075-s
https://doi.org/10.1016/0140-6736(90)92075-s
https://doi.org/10.1002/path.1711660110
https://doi.org/10.1002/path.1711660110
https://doi.org/10.1038/ki.1991.178
https://doi.org/10.1038/ki.1991.178
https://doi.org/10.1002/1097-0142(19911115)68:10%3C2230::aid-cncr2820681023%3E3.0.co;2-7
https://doi.org/10.1002/1097-0142(19911115)68:10%3C2230::aid-cncr2820681023%3E3.0.co;2-7
https://doi.org/10.1002/1097-0142(19911115)68:10%3C2230::aid-cncr2820681023%3E3.0.co;2-7
https://doi.org/10.1111/j.1365-2990.1992.tb00795.x
https://doi.org/10.1111/j.1365-2990.1992.tb00795.x
https://doi.org/10.1007/bf00227673
https://doi.org/10.1007/bf00227673
https://doi.org/10.1002/ijc.2910550511
https://doi.org/10.2353/ajpath.2010.090063
https://doi.org/10.1002/(sici)1097-0142(19960115)77:2%3C352::Aid-cncr19%3E3.0.Co;2-0
https://doi.org/10.1002/(sici)1097-0142(19960115)77:2%3C352::Aid-cncr19%3E3.0.Co;2-0
https://doi.org/10.3171/2016.8.Peds1686
https://doi.org/10.3171/2016.8.Peds1686
https://doi.org/10.1017/s0317167100008052
https://doi.org/10.1017/s0317167100008052
https://doi.org/10.5414/np301103
https://doi.org/10.1007/s11064-011-0501-7
https://doi.org/10.1016/j.neuroscience.2019.12.015

Xie et al. BMC Neurology

22.

23.

24,

25.

26.

27.

28.

29.

(2024) 24:237

Zhu X, Dong J, Han B, Huang R, Zhang A, Xia Z, Chang H, Chao J, Yao H.
Neuronal nitric oxide synthase contributes to PTZ Kindling Epilepsy-Induced
hippocampal endoplasmic reticulum stress and oxidative damage. Front Cell
Neurosci. 2017;11:377. https://doi.org/10.3389/fncel.2017.00377.

Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-Branger D,
Cavenee WK, Ohgaki H, Wiestler OD, Kleihues P, Ellison DW. The 2016 World
Health Organization Classification of Tumors of the Central Nervous System:
a summary. Acta Neuropathol. 2016;131:803-20. https://doi.org/10.1007/
500401-016-1545-1.

Fisher RS, Cross JH, French JA, Higurashi N, Hirsch E, Jansen FE, Lagae L,
Moshé SL, Peltola J, Roulet Perez E, Scheffer IE, Zuberi SM. Operational classifi-
cation of seizure types by the International League against Epilepsy: position
paper of the ILAE Commission for classification and terminology. Epilepsia.
2017;58:522-30. https://doi.org/10.1111/epi.13670.

Vickers AJ, Elkin EB. Decision curve analysis: a novel method for evaluating
prediction models. Med Decis Mak. 2006;26:565-74. https://doi.org/10.1177/
0272989x06295361.

Abraira L, Santamarina E, Cazorla S, Bustamante A, Quintana M, Toledo M,
Fonseca E, Grau-Lopez L, Jiménez M, Ciurans J, Luis Becerra J, Millan M,
Herndndez-Pérez M, Cardona P, Tercefio M, Zaragoza J, Canovas D, Gasull

T, Ustrell X, Rubiera M, Castellanos M, Montaner J, Alvarez-Sabin J. Blood
biomarkers predictive of epilepsy after an acute stroke event. Epilepsia.
2020,61:2244-53. https://doi.org/10.1111/epi.16648.

Mehta PD, Pirttila T, Mehta SP, Sersen EA, Aisen PS, Wisniewski HM. Plasma
and cerebrospinal fluid levels of amyloid beta proteins 1-40 and 1-42 in
Alzheimer disease. Arch Neurol. 2000;57:100-5. https://doi.org/10.1001/
archneur.57.1.100.

Cheng L, Zou X, Wang J, Zhang J, Mo Z, Huang H. The role of CRYAB in

tumor prognosis and immune infiltration: a pan-cancer analysis. Front Surg.
2022,9:1117307. https://doi.org/10.3389/fsurg.2022.1117307.

Zhang J, Liu J, Wu J, LiW, Chen Z, Yang L. Progression of the role of CRYAB in
signaling pathways and cancers. Onco Targets Ther. 2019;12:4129-39. https://
doi.org/10.2147/0tt.5201799.

Stegh AH, Kesari S, Mahoney JE, Jeng HT, Forloney KL, Protopopov A, Louis
DN, Chin L, DePinho RA. Bcl2L12-mediated inhibition of effector caspase-3

30.

31

32

33.

34.

35.

36.

Page 10 of 10

and caspase-7 via distinct mechanisms in glioblastoma. Proc Natl Acad Sci U
S A.2008;105:10703-8. https://doi.org/10.1073/pnas.0712034105.
Avliyakulov NK, Rajavel KS, Le KM, Guo L, Mirsadraei L, Yong WH, Liau LM, Li

S, Lai A, Nghiemphu PL, Cloughesy TF, Linetsky M, Haykinson MJ, Pope WB.
C-terminally truncated form of aB-crystallin is associated with IDHT R132H
mutation in anaplastic astrocytoma. J Neurooncol. 2014;117:53-65. https://
doi.org/10.1007/511060-014-1371-z.

Kore RA, Abraham EC. Phosphorylation negatively regulates exosome medi-
ated secretion of cryAB in glioma cells. Biochim Biophys Acta. 2016;1863:368-
77. https//doi.org/10.1016/j.bbamcr.2015.11.027.

Malin D, Petrovic V, Strekalova E, Sharma B, Cryns VL. aB-crystallin: portrait
of a malignant chaperone as a cancer therapeutic target. Pharmacol Ther.
2016;160:1-10. https://doi.org/10.1016/j.pharmthera.2016.01.012.

van de Schootbrugge C, Schults EM, Bussink J, Span PN, Grénman R, Pruijn GJ,
Kaanders JH, Boelens WC. Effect of hypoxia on the expression of aB-crystallin
in head and neck squamous cell carcinoma. BMC Cancer. 2014;14:252.
https://doi.org/10.1186/1471-2407-14-252.

YuanY, Xiang W, Yanhui L, Ruofei L, Shuang L, Yingjun F, Qiao Z, Yanwu Y,

Qing M. Ki-67 overexpression in WHO grade Il gliomas is associated with

poor postoperative seizure control. Seizure. 2013;22:877-81. https://doi.
0rg/10.1016/j.seizure.2013.08.004.

Yang P, You G, Zhang W, Wang Y, Wang Y, Yao K, Jiang T. Correlation of preop-
erative seizures with clinicopathological factors and prognosis in anaplastic
gliomas: a report of 198 patients from China. Seizure. 2014;23:844-51. https://
doi.org/10.1016/j.seizure.2014.07.003.

Le VT, Nguyen AM, Pham TA, Nguyen PL. Tumor-related epilepsy and
post-surgical outcomes: tertiary hospital experience in Vietnam. Sci Rep.
2023;13:10859. https://doi.org/10.1038/541598-023-38049-1.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.3389/fncel.2017.00377
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1111/epi.13670
https://doi.org/10.1177/0272989x06295361
https://doi.org/10.1177/0272989x06295361
https://doi.org/10.1111/epi.16648
https://doi.org/10.1001/archneur.57.1.100
https://doi.org/10.1001/archneur.57.1.100
https://doi.org/10.3389/fsurg.2022.1117307
https://doi.org/10.2147/ott.S201799
https://doi.org/10.2147/ott.S201799
https://doi.org/10.1073/pnas.0712034105
https://doi.org/10.1007/s11060-014-1371-z
https://doi.org/10.1007/s11060-014-1371-z
https://doi.org/10.1016/j.bbamcr.2015.11.027
https://doi.org/10.1016/j.pharmthera.2016.01.012
https://doi.org/10.1186/1471-2407-14-252
https://doi.org/10.1016/j.seizure.2013.08.004
https://doi.org/10.1016/j.seizure.2013.08.004
https://doi.org/10.1016/j.seizure.2014.07.003
https://doi.org/10.1016/j.seizure.2014.07.003
https://doi.org/10.1038/s41598-023-38049-1

	﻿Plasma alpha B crystallin as potential biomarker for predicting pre-operative seizures in glioma
	﻿Abstract
	﻿Introduction
	﻿Method
	﻿Patients
	﻿Plasma collection
	﻿ELISA measurements of plasma CRYAB
	﻿Statistical analysis

	﻿Results
	﻿Baseline clinical characteristics of participants and experimental data
	﻿Plasma CRYAB was significantly decreased in glioma patients with pre-operative epilepsy and epilepsy
	﻿Clinical significance of plasma CRYAB as a potential diagnostic biomarker
	﻿Determining the predictive accuracy of the CRYAB-signature in the glioma with pre-operative epilepsy using ROC analysis
	﻿Factors affecting plasma CRYAB and clinic pathological characteristics

	﻿Discussion
	﻿Conclusion
	﻿References


