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ABSTRACT

BACKGROUND: Reliable predictive data are crucial for making accurate treatment decisions in glioma patients, but it can be challenging to obtain
due to limited information in many cases. Numerous research studies have indicated the involvement of cyclic adenosine monophosphate (CAMP)-
response element binding protein (CREBBP) and E1A binding protein p300 (EP300) in tumorigenesis and tumor progression across various types.

METHODS: The messenger RNA (mRNA) expression levels of CREBBP and EP300 were retrospectively analyzed in 17 grade-3 glioma
patients. The SYBR Green real-time polymerase chain reaction (RT-PCR) technique was employed for mMRNA expression analysis, with the
glyceraldehyde-3-phosphate dehydrogenase gene (GAPDH) used as a reference gene for data normalization. In addition, the relationship
between CREBBP, EP300 expression and patients’ clinical information, imaging features, histologic features, immune factors, and overall
survival was assessed through univariate analyses.

RESULTS: The analysis of the data unveiled a statistically significant upregulation of CREBBP and EP300 mRNA expression levels in large
gliomas as compared with their smaller counterparts (P<.05). Histological examination using hematoxylin and eosin (H&E) staining exhib-
ited marked cellular heterogeneity, with heightened cell density observed specifically within tumors displaying elevated CREBBP expression
levels. In contrast, there was a substantial downregulation of complement 3 and complement 4 within larger tumor volumes when compared
with smaller ones (P<.05). However, these findings do not serve as clinically relevant prognostic indicators for glioma.

CONCLUSIONS: It is suggested that higher expression levels of CREBBP and EP300 are positively associated with increased tumor vol-
ume. Inhibition of CREBBP and EP300 enhances local immunogenicity, leading to the recruitment of immune cells and release of cytokines
for effective tumor eradication, ultimately resulting in the inhibition of tumor growth.
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Introduction

Glioma, the most prevalent primary brain tumor, accounts for
approximately 80% of all primary malignant tumors in the cen-
tral nervous system.! The latest, fifth edition of the World
Health Organization (WHO) Classification of Tumors of the
Central Nervous System, categorizes these tumors into four dis-
tinct grades, ranging from 1 to 4, which reflect the degree of
malignancy. This classification system also encompasses a variety
of histological subtypes, including astrocytoma, oligodendro-
glioma, and the highly aggressive glioblastoma.? The important
biological characteristic of glioma is that tumor cells invade nor-
mal brain tissue, resulting in the formation of numerous “satellite
tumor foci” surrounding the primary focus.3 Due to the frequent
infiltration of vital functional regions in the brain, surgical
removal is often restricted, resulting in a significant likelihood of
recurrence within 2cm from the initial tumor site after surgery.
Consequently, effective treatment remains a formidable chal-
lenge in neurosurgery. Over the past few years, there have been
notable developments in imaging diagnostics, neuronavigation,
identifying functional neural areas, understanding tumor molec-
ular pathology, administering chemotherapy and stereotactic
radiotherapy, performing microneurosurgery, utilizing gene ther-
apy and immunotherapy. These advancements have led to some
degree of improvement in treating malignant glioma.* However,
despite these treatment advances, the prognosis for glioma
remains poor with a median survival time of only 14 to 17
months.” The identification of novel and effective prognostic
and therapeutic biomarkers and targets for clinical use remains
crucial in customizing the evaluation of glioma prognosis assess-
ment and treatment.

The closely homologous genes, cyclic adenosine monophos-
phate (cAMP)-response element binding protein (CREBBP)
and E1A binding protein p300 (EP300), are pivotal in regulat-
ing cell growth, metabolism, differentiation, and angiogenesis,
making them essential carcinogenic factors.® Studies have
revealed that the oncogenic impact of CREBBP and EP300 is
manifested by their control over processes such as angiogenesis,
hypoxic metabolism, epithelial-mesenchymal transition, and
various other biological mechanisms.”? Angiogenesis is a hall-
mark of malignant tumors, and the proliferation, migration,
and invasion of tumor cells are closely associated with tumor
angiogenesis.’% Hypoxia is a prominent feature of the local
microenvironment in tumors and also one of the critical factors
that contribute to tumor metastasis!»!2 and the hypoxic micro-
environment can induce irreversible epithelial-mesenchymal
transition.!314 In addition, CREBBP and EP300 are associated
with tumor prognosis. Research has revealed that CREBBP
plays a role in tumor development and affects the effectiveness
of immune checkpoint inhibitors through its direct regulation
of the DNA damage response pathway.'®

The lack of reliable biomarkers for predicting therapy
response and recurrence in cancer, particularly with regards to
CREBBP and EP300 involvement, is a major concern. However,
their association with clinical-pathophysiological characteristics

in glioma patients remains poorly understood. Therefore, this
study aimed to investigate the role of CREBBP and EP300 in
glioma lesions and assess their relationship with key clinicohis-
tological predictive factors. The primary objective was to com-
pare and analyze the levels of these genes in varying sizes of
glioma samples based on histologic features using quantitative
real-time polymerase chain reaction (RT-PCR) techniques and
nuclear magnetic resonance imaging (MRI). In addition, we
sought to evaluate the immune implications of these gene
expression levels by examining their correlations among patients
diagnosed with glioma. The CREBBP and EP300 play a crucial
role in the diagnosis and progression of glioma, making it a
promising candidate as a biomarker for this disease.

Methods

Patient information

A total of 17 cases of glioma from Zhejiang Cancer Hospital
(Zhejiang, China) were selected, including 10 men and 7
women. The average age was 51 = 23 years. The inclusion cri-
teria were postoperative diagnosis of glioma grade 3 based on
histopathology. The exclusion criteria encompass individuals
who are either under 18 or over 75years of age, those with
other malignant tumors, and those with incomplete clinical
data or unavailable follow-up data. In addition, individuals who
are unable to comprehend the study’s requirements or provide
informed consent are also excluded. The study was approved by
the Ethics Committee of the Cancer Hospital of Zhejiang
Cancer Hospital. Data collection commenced in November
2018 and was completed after 4years observation period in

November 2022.

Tumor samples and histology review

All tumor specimens were fixed in 10% neutral-buffered for-
malin and embedded in paraffin. A pathologic review of all
tumors was conducted by a group of expert neuropathologists.
Hematoxylin and eosin (H&E)-stained slides were prepared
from 4lm sections of formalin-fixed, paraffin-embedded
(FFPE) tissue. Slides were examined with an Olympus BX41
light microscope. Photos were taken with an Olympus DP25

camera.

MRI scan

All MRI scans were conducted utilizing a Siemens magnetic
resonance (MR) system. The scanning protocol involved an
Enhanced T1 Spin Echo (SE) sequence, encompassing both
axial and coronal imaging planes. The specific parameters for
the scan were as follows: Repetition Time (TR) of 380 ms,
Echo Time (TE) of 10 ms, with a total of 24 slices acquired.
Each slice had a thickness of 5cm and a gap of 1cm between
them. A contrast agent, specifically gadolinium spray acid glu-
cosamine, was administered at a dosage of 15 cm, infused at a
rate of 1.5 cm/s. Following the contrast injection, an equivalent
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Figure 1. The ROC curve with CREBBP, EP300, and tumor volume. CREBBP indicates cyclic adenosine monophosphate (CAMP)-response element
binding protein; EP300, E1A binding protein p300; ROC, receiver operating characteristic.

volume of isokinetic saline was injected to flush the system. It
was ensured that the scanning range extended to cover the
entirety of the brain. Subsequently, the size of the glioma was
measured using a Picture Archiving and Communication

System (PACS) workstation.

RNA extraction, complementary DNA syntbhesis,
CREBBP and EP300 messenger RNA expression

analysis

Total RNA was isolated from the glioma tissue using a Trizol
kit according to the manufacturer’s protocol. The complemen-
tary DNA (cDNA) was synthesized following the manufac-
turer’s instructions and stored at -20°C until analyzed. The
reverse transcription kit PrimeScript TM RT Master Mix
(Perfect Real Time) was used for reverse transcription.
Fluorescent quantitative PCR kit SYBR® Premix Ex Taq TM
(Til RNaseH Pl ps) was used in fluorescence quantitative
PCR. The primer sequences for glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), CREBBP, and EP300 genes were
designed using primer 3 software. The internal reference for
the control group was the GAPDH housekeeping gene, and the
results were calculated using the 2-22Ct method. The 22Ct
value is the sample to be tested 2Ct value and the difference
between the control sample 2Ct value. The 2Ct value is the
target gene Ct value and the internal reference gene Ct.

Statistical analysis

A T-test was used to analyze the difference between CREBBP
and EP300 expression in glioma clinical information. The dif-
terent cases were divided into groups, and the expression levels
of other clinical and pathological parameters were compared.
The Chi-square test evaluates the discrepancies between the
two sets of data presented in the baseline table. The cut-off
value is determined based on the receiver operating character-
istic (ROC) curve, where the positive and negative outcomes in

the ROC curve are defined with respect to mortality occur-
rence. The study measured the overall survival (OS) by tracking
the time from disease diagnosis to either patient death or last
follow-up date. The correlation between CREBBP and EP300
expression and OS was evaluated. All data were processed
using SPSS 19.0 statistical software program, with statistical
significance set at P<<.05.

Results
CREBBP and EP300 expression with patients’

clinical information

In this study, fresh glioma tissues from 17 patients were
included in the RT quantitative PCR (qQPCR) experiment.
According to ROC curve (see Figure 1), patients were strati-
fied into two groups based on cut-off values for CREBBP and
EP300 expressions (CREBBP: 0.3181, EP300: 0.22535). Test
results equal to or greater than cut-off value are considered
positive, otherwise they are negative. Patients were categorized
into two groups based on a tumor volume cut-oft value of
56 cm3. Tables 1 and 2 present the patients’ clinical informa-
tion such as sex, age, primary tumor location, tumor diameters,
and tumor volume with CREBBP and EP300. The results
show that the study is randomized, and the two groups are
balanced (P> .05). The RT gPCR experiment findings dem-
onstrated a notable increase in the expression levels of
CREBBP and EP300 in large gliomas when compared with
small gliomas, exhibiting statistical significance (P<<.05; see

Tables 3 and 4).

CREBBP and EP300 expression with imaging
features

Preoperative MRI scans detected compact, clearly delineated
masses in all 17 individuals, with the tumors displaying sub-
stantial mass-related impacts. The dimensions of the tumors
ranged from 1.1 to 8.4cm. Our results indicated that gliomas
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Table 1. Baseline characteristics of the patients with CREBBP.

CLINICAL INFORMATION COHORT, NO. (%) P-VALUE
CREBBP-POSITIVE EXPRESSION  CREBBP-NEGATIVE
(N=11) EXPRESSION (N=6)
Age, mean (SD) 51.1 (11.9) 51.4 (14.4) 16
Gender
Male 5 (45.5) 5(83.3) A3
Female 6 (55.5) 1(16.7)

Primary tumor location
Frontal lobe 9 3 a7
Others 2 3

Tumor diameters
<5cm 3 4 12
>5cm 8 2

Tumor volume
<56cm3 5 5 13
>56cm3 6 1

Abbreviation: CREBBP, cyclic adenosine monophosphate (cAMP)-response element binding protein.

Table 2. Baseline characteristics of the patients with EP300.

CLINICAL INFORMATION COHORT, NO. (%) P-VALUE
EP300-POSITIVE EXPRESSION EP300-NEGATIVE EXPRESSION
(N=15)
Age, mean (SD) 51.1 (11.9) 48.8 (11.1) 10
Gender
Male 9 1 .79
Female 6 1

Primary tumor location
Frontal lobe 10 2 .33
Others 5 0

Tumor diameters
<5cm 6 1 79
>5cm 9 1

Tumor volume
>56cm?3 6 1

Abbreviation: EP300, E1A binding protein p300.
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Table 3. Clinicopathological variables and their correlation with gene
expression of CREBBP in glioma tissues.

CLINICAL INFORMATION GLIOMA P-VALUE
PATIENTS (N)
Gender
Male 10 .36
Female 7
Primary tumor location
Frontal lobe 12 44
Others 5
Tumor diameters
<5cm 7 43
>5cm 10
Tumor volume
<560m3 10 .02

>56cm?3 7

Table 4. Clinicopathological variables and their correlation with gene
expression of EP300 in glioma tissues.

CLINICAL INFORMATION GLIOMA P-VALUE
PATIENTS (N)
Gender
Male 10 .86
Female 7

Primary tumor location
Frontal lobe 12 .21
Others 5

Tumor diameters
<5cm 7 a7
>5cm 10

Tumor volume

>56cm?3 7

with increased levels of CREBBP and EP300 showed notice-
able enlargement on MRI scans (see Figure 2).

CREBBP and EP300 expression with histologic

features

To examine the histology and pathological classification of
glioma, H&E staining is employed. This method primarily

imparts a purple-blue hue to the chromatin within the nucleus
and nucleic acid in the cytoplasm, while highlighting compo-
nents in theasm and extracellular matrix as red. Examination of
H&E-stained sections reveals noticeable diversity among tumor
cells, with increased density observed in cases demonstrating
elevated levels of CREBBP and EP300 expression (see Figure
3), suggesting their potential involvement in promoting cell
proliferation.

CREBBR EP300 expression, and tumor volume

with immune factors

To investigate the impact of CREBBP, EP300 expression, and
tumor volume on immune factors in glioma, we assessed the
blood levels of complement 3, complement 4, IgA, IgG, and
IgM in these patients. Our results indicate a notable decrease
in the expression levels of complement 3 and complement 4
among individuals with extensive tumor size when compared
to those with limited tumor size (P<.05; see Table 5). However,
no statistically significant differences were observed for other
immune indicators.

CREBBR EP300 expression, and tumor volume
with OS

The median OS for patients with high expression of CREBBP
was 761 days, accompanied by a 90.9% 1-year survival rate and
a 54.5% 2-year survival rate; whereas the median OS for those
with low expression was 818 days, exhibiting an 83.3% 1-year
survival rate and an identical 2-year survival rate of 83.3%. In
terms of EP300 expression, the median OS for individuals with
high levels reached 813 days, along with an observed 1-year
survival rate of 86.7% and a 2-year survival rate of 60%; on the
contrary, patients with decreased EP300 expression exhibited a
median OS of 760days, demonstrating an impressive 1-year
survival rate of 100% and maintaining a similar 2-year survival
rate. There was no statistically significant difference in OS
expression of different CREBBP and EP300 expression pro-
teins. For large volumes, the median was 813, with a 1-year
survival rate of 100% and a 2-year survival rate of 71.4%, while
for small volumes, the median was 749, with a 1-year survival
rate of 80% and a 2-year survival rate of 60%. There was no

statistically significant difference in OS expression of different
CREBBP and EP300 expression proteins.

Discussion

Two highly homologous proteins, CREBBP and EP300, play
crucial roles in diverse biological processes. Research has
demonstrated that CREBBP-mediated post-translational
N-glycosylation induces conformational changes in interact-
ing proteins, thereby regulating gene expression, cell growth,
and differentiation.’® The EP300 plays a pivotal role in vari-
ous cellular processes, encompassing cell differentiation, pro-
liferation, and DNA repair. The oncogenic potential of
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Figure 2. Imaging features of the grade-3 glioma. (A) and (B) MRIs of selected patients with low CREBBP and EP300 expression glioma. (C) and (D) MRI
of selected patients with high CREBBP and EP300 expression. CREBBP indicates cyclic adenosine monophosphate (cCAMP)-response element binding
protein; EP300, E1A binding protein p300; MRI, magnetic response imaging.

I

Figure 3. Shown are H&E-stained sections demonstrating the circumscribed growth, palisading necrosis, perivascular pseudorosettes, and glioma-like
fibrillary frequently observed in this tumor. (A) and (C) Histologic features of selected patients with low CREBBP and EP300 expression glioma. (B) and
(D) Histologic features of selected patients with high CREBBP and EP300 expression. Microscopic images of pathological sections obtained from glioma
100X magnification (ABCD) and 400X magnification (abcd). CREBBP indicates cyclic adenosine monophosphate (cCAMP)-response element binding
protein; EP300, E1A binding protein p300.

Table 5. Univariate analysis of immune indicators for CREBBP and EP300 expression of glioma patients.

PARAMETERS COMPLEMENT COMPLEMENT IGA P- VALUE IGG P- VALUE IGM P- VALUE

3P-VALUE 4 P-VALUE

CREBBP expression 75 .94 .20 .88 .57
Positive versus negative

EP300 expression .27 .080 44 .96 .21
Positive versus negative

Tumor volume .04 .01 .54 74 .50
<56cm3
>56cm3

Abbreviations: CREBBP, cyclic adenosine monophosphate (cAMP)-response element binding protein; EP300, E1A binding protein p300; Ig, immunoglobulin.

CREBBP and EP300 has been extensively validated across CREBBP and EP300 expression in human gliomas with var-

diverse tumor types, underscoring their indispensable involve- ying sizes and explored their association with clinicopatho-
ment in tumorigenesis and progression.’”” However, limited logical characteristics as well as immune responses in gliomas
research has been conducted on the expression of CREBBP using high-level tissue samples obtained during clinical prac-

and EP300 in glioma. In this study, we examined the levels of tice. The findings of this study reveal a notable increase in the



Chen et al

expression of CREBBP and EP300 in larger glioma tissues
compared with smaller ones, as confirmed by both MRI scans
and pathological analyses. The tumor’s volume, rather than its
diameter, showed notable variations (see Tables 3 and 4).
Tumor volume is typically calculated using measurements of
both length and width. Benign tumors are often character-
ized by their round shape and smooth surface, whereas malig-
nant ones tend to be irregularly shaped and have an uneven
surface texture. In the case of grade-3 gliomas, which are
more malignant, it is more appropriate to use volume rather
than diameter to represent the tumor’s size. However, tumor
size is not the sole determinant of malignancy. Malignant
tumors are generally known to grow more rapidly and can
reach larger sizes, sometimes without causing noticeable
symptoms in the early stages. Although the growth rate and
potential for malignancy can be correlated with tumor size,
this is not universally true. In clinical practice, small tumors
can still be malignant, and some larger ones may be benign.
Consequently, tumor size is just one of many factors that phy-
sicians consider when assessing a tumor’s nature. An accurate
diagnosis and evaluation are made by taking into account the
tumor’s size, shape, histological features, the patient’s medical
history, and other relevant factors. Notably, the overexpres-
sion of CREBBP and EP300 genes is implicated in promot-
ing tumor growth. Moreover, this investigation identifies a
novel biomarker for glioma, offering a promising avenue for
precise diagnosis and treatment strategies.

The tumor microenvironment is intricately associated with
the occurrence and progression of glioma.!® In conjunction with
complement activation, innate immunity plays a crucial role in
the human innate immune process by incorporating natural
immune functions. The complement system exerts a dual regu-
latory role in tumorigenesis and development while influencing
the outcomes of immune responses.’®?® On one hand, comple-
ment plays a crucial role in enhancing immune surveillance and
inhibiting tumor cells through activation of the body’s immune
response, participation in the opsonin response, and direct cyto-
toxicity.2! On the other hand, dysregulated complement activa-
tion within the tumor microenvironment serves as a pivotal
factor in sustaining chronic local inflammation and promoting
tumorigenesis.”? The interference of complement in the
immune response signaling pathway also significantly enhances
tumor immune evasion and immunosuppression. Recently, it
has been discovered that complement activation can facilitate
the assembly of membrane attack complex (MAC), which not
only directly induces complement-dependent cytotoxicity
(CDC) but also serves as a crucial mediator for activating
acquired immunity.?3 The activation of the complement system
necessitates the presence of both complement 3 and comple-
ment 4.2 This investigation revealed an inverse correlation
between tumor volume and the levels of complement 3 and
complement 4. This may be attributed to the compromised
immune response of complement-deficient patients toward
glioma, thereby suggesting that normal activation of the

complement system could potentially facilitate the generation
of a cascade of tumor immune response intermediates, enhance
tumor-specific immune responses, and impede glioma forma-
tion and growth. Previous studies on glioma immunity have
predominantly focused on acquired cellular immunity.?* In con-
trast, this study suggests that the complement system, as part of
innate immunity, may exert a significant influence on glioma
formation, growth, and malignancy. Although no direct correla-
tion was observed between the expression of CREBBP and
EP300 genes and immune indicators, there is an inverse rela-
tionship between tumor volume and levels of complement 3
and complement 4.26 The experimental results further demon-
strate that the inhibition of CREBBP and EP300 enhances
local immunogenicity, leading to increased recruitment of
immune cells, enhanced cytokine release for tumor eradication,
and subsequent suppression of tumor growth.

This study does not provide further validation for the prog-
nostic significance of CREBBP and EP300 in glioma. However,
we observed that a lower level of CREBBP expression was
linked to longer median survival and improved 2-year survival
rates in comparison to a higher level of CREBBP expression.
Furthermore, decreased EP300 expression showed correlation
with higher 1-year and 2-year survival rates when compared
with increased EP300 expression.

Our study provides compelling evidence to facilitate the
identification and early diagnosis of glioma populations
through detection techniques. The identification of biomarkers
plays a crucial role in effectively identifying high-risk groups
for glioma, implementing targeted interventions, improving
early detection rates, and enhancing prognoses. However, the
limited sample size in this study restricts a comprehensive dis-
cussion on the clinicopathological characteristics of glioma
associated with CREBBP and EP300. When examining the
predictive value of molecular markers, it is essential to integrate
traditional important stratification factors with a thorough
analysis of their impact on prognosis. This approach can lead to
more comprehensive prediction outcomes or provide more
accurate guidance for treatment decisions. Future investiga-
tions should prioritize expanding the clinical sample size to
repeatedly validate the potential utility of CREBBP and
EP300 as novel biological diagnostic and prognostic markers
for glioma, while also elucidating their underlying mechanisms
in glioma occurrence and development.

One of the primary limitations of this study is the small
sample size of cases examined. This constraint may affect the
generalizability and robustness of our findings. The limited
number of cases was due to a combination of resource con-
straints and the rarity of the condition under investigation,
which restricted our ability to recruit a larger cohort. The small
sample size could introduce selection bias and increase the like-
lihood of random variability affecting our results. Consequently,
the conclusions drawn from this study should be interpreted
with caution, as they may not be fully representative of the
broader population. To mitigate the impact of this limitation,
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we employed rigorous statistical methods to ensure the reliabil-
ity of our analyses. However, we acknowledge that larger-scale
studies are needed to confirm our findings and to provide a
more comprehensive understanding of the condition.

In summary, while our study provides valuable preliminary
insights into CREBBP and EP300 about gliomas, the small
number of cases included should be considered when inter-
preting the results. Future research should aim to overcome this
limitation by increasing the sample size, potentially through
multicenter collaborations or by leveraging larger databases.
This would enhance the power of the study and allow for more
robust statistical analyses.

Conclusions

Based on the above findings of our study, we have concluded
that CREBBP and EP300 have a significant role in the pro-
gression of gliomas, as their expression levels are notably ele-
vated in larger gliomas. Furthermore, an increased cell density
was specifically observed within tumors that exhibited high
levels of CREBBP expression. The oncogenic influence of
CREBBP and EP300 is evident through their regulation of
various biological mechanisms. This investigation revealed an
inverse correlation between tumor volume and the levels of
complement 3 and complement 4. Our investigation also
uncovered an inverse correlation between tumor volume and
the levels of complement 3 and complement 4. Although the
expression of CREBBP and EP300 was found to be upregu-
lated in large glioma patients, their messenger RNA (mRNA)
expression levels did not serve as a clinically relevant prognostic
indicator for gliomas. Therefore, it is suggested that the analy-
sis of CREBBP and EP300 expression could be crucial when
making informed and personalized clinical decisions regarding
the management of glioma patients.
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