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Background and aim: Gastric cancer (GC), a malignant tumor worldwide, is mostly diagnosed
at an advanced stage. We selected the oncogene encoding transcription factors MYBL2 to
investigate the connection between MYBL2 expression and GC prognosis.

Materials and methods: MYBL2 mRNA and protein expression were measured by real-
time PCR and immunohistochemistry, respectively. The relationship between MYBL2 protein
expression and survival time was estimated by the Kaplan—Meier analysis. Cox proportional
hazards model was used to evaluate the prognostic impact of MYBL2 expression.

Results: The overexpression of MYBL2 was related to tumor cell differentiation, Lauren type,
and metastasis of lymph nodes (P<<0.05). In the MYBL2 overexpression group, the median
disease free survival was even poorer (P=0.000) and it comes to median overall survival
(P=0.000). The study showed that MYBL2 expression was an independent hazard for disease
free survival (P=0.004).

Conclusion: The results of this study suggest that MYBL2 could indicate a promisingly
prognostic biomarker for GC patients.
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Introduction

Globally, gastric cancer (GC) ranks fifth for incidence and third for mortality.! In 2015, an
estimated 679,100 people were diagnosed with GC, among whom there were ~498,000
deaths in People’s Republic of China.? Results so far inspire little optimism that 5-year
survival rate of GC retains ~15%. As an intricate disease, GC is promoted by biological
processes of multigene and multistep synergy, including the amplification of oncogene
or the deletion of mutated tumor suppressor genes or the instability of the microsatellite.
miRNAs also participate in tumorigenesis and development by regulating the expres-
sion of oncogenes and tumor suppressor genes. In this, it is indispensable to search for
valuable biomarkers for diagnosis, effective treatments, and prognosis.

The MYB transcription family consists of three members: MYBL1, MYBL2,
and MYBL3. Studies have shown that the MYB transcription factor family is widely
involved in cell cycle regulation to maintain genomic integrity, DNA replication, cell
differentiation, apoptosis, and other physiological functions. By extension, MYBL2
is widely expressed and closely related to the degree of cell proliferation.’ Recently,
MYBL2 has been found overexpressed in a variety of malignant tumors, such as acute
myeloid leukemia,* breast cancer,’ and colorectal cancer,® which indicates that MYBL2
plays a critical role in process of cell apoptosis, cell senescence, and carcinogenesis
and progression regulated by gene expression. The relationship between MYBL2
expression and GC development and progression have not yet been studied in depth.
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The level of MYBL2 expression in mRNA and protein
in resected gastric adenocarcinoma and matched adjoining
tissues was detected in this paper, meanwhile. Its clinico-
pathological implication and prognostic significance in GC
were explored in depth.

Materials and methods

Clinical samples
A total of 45 paired tumor and adjacent tissues with RO
resection were selected from the First Affiliated Hospital of
Zhengzhou University (Henan, People’s Republic of China)
from October 2015 to March 2016. Those were used for RNA
extraction. In addition, 74 cases of paraffin samples from
patients with GC RO resection in the same hospital from
January 2014 to December 2014 were used for immunohis-
tochemical analysis. Written informed consent was obtained
from all guardians for the use of their tissue samples. The
sample acquisition and its subsequent use were approved by
the Ethics Committee of Zhengzhou University, which were
guided by international and national ethical requirements con-
cerning biomedical research. In addition to this, the study was
conducted in compliance with the Declaration of Helsinki.
The standard inclusion criteria were as follow: 1) histo-
pathologic diagnosis of gastric adenocarcinoma and 2) no
previous neoadjuvant chemoradiotherapy before surgery.
Clinical information and pathological data were obtained
from archives, and tumors were staged as stipulated accord-
ing to the seventh edition of TNM American Joint Committee
on Cancer staging criteria for cases of staging.

cDNA synthesis and quantitative

real-time PCR

TRIzol (Thermo Fisher Scientific, Waltham, MA, USA)
was used for extracting total RNA and we applied Reverse
Transcription for PCR Kit (Takara, Kusatsu, Japan) to acquire
the same amount of cDNA, according to the manufacturer’s
specification. We used quantitative real-time PCR SYBR
Green PCR Kit (Thermo Fisher Scientific) to determine the
level of MYBL2 and GAPDH mRNA with the assistance of
the ABI7900HT Fast Real-Time PCR system (Thermo Fisher
Scientific). The primers of MYBL2 and GAPDH are shown

Table | Primer sequences of MYBL2 and GAPDH

in Table 1. The 2724°T method was applied to calculate the
relative expression of MYBL2 mRNA with GAPDH as an
internal reference.

GC tissue microarray and

immunohistochemical staining

The paraffin-embedded tissues were cut into sections each
4 um thick. The streptavidin—biotin complex method was
used to investigate the expression of MYBL2. In short,
slices were treated with deparaffinage and dehydration at
the certain concentration gradient after being baked. The
antigen repair should be accomplished by 0.1 mol/L citrate
buffer solution (pH 6.0) in a microwave oven for about
15 minutes. After adding the normal goat serum to eliminate
nonspecific binding to the greatest extent possible, the slices
were hatched by embedding in the primary anti-MYBL2
(Abcam, Cambridge, UK), diluted with 1:150, and incubated
overnight at 4°C in humidity. The slices were then incubated
into the second antibody for 30 minutes at the room tem-
perature, followed by diaminobenzidine for 1 minute and
hematoxylin counterstaining for 2 minutes. According to
the existing literature, MYBL2 protein is found in both the
nucleus and cytoplasm.

In this report, immunohistochemical results were
obtained by two pathologists. The intensity of tissue staining
was divided into four levels: negative, no staining, 0 point;
weak positive, pale yellow, 1 point; middle positive, with
medium strength staining, 2 points; and strong positive,
brown and tan, 3 points. The percentage of positive cells in
the total number of tumor cells/normal mucosal epithelial
cells was recorded, and the percentage of positive cells
was <5%, 0 point; 5%—-25%, 1 point; 26%—-50%, 2 points;
51%—-75%, 3 points; and >75%, 4 points. The staining
scores were evaluated according intensity and percentage
score. Receiver operating characteristic curve analysis
was conducted to determine the cutoff score for MYBL2
overexpression and low expression.

Statistical analysis

SPSS17.0 software was chosen for the data processing and
statistical analysis. Paired McNemar test was used to compare
the expression of MYBL2 protein in cancer tissues and adja-
cent tissues. In addition, the relationship between MYBL2
protein expression and the clinical features was measured
with chi-squared test, and the survival curve was drawn with
the Kaplan—Meier method. The prognostic value of MYBL2
was calculated with the Cox-proportional hazard model.
A P-value <0.05 was considered to be statistically significant.

Gene Sequence

MYBL2 q-F: 5-GAGGGATAGCAAGTGCAAGGT-3’
q-R: 5-TGCGGTTAGGGAAGTGGCTG-3’

GAPDH q-F: 5-GCTGAACGGGAAGCTCACTG-3’
q-R: 5-GTGCTCAGTGTAGCCCAGGA-3’
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Figure | (A, B) MYBL2 was upregulated in GC tissues.
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Notes: MYBL2 was markedly increased in tumor tissues when compared with paired adjacent nontumor tissues. ***P=0.0008, paired t-test.

Abbreviation: GC, gastric cancer.

Results

MYBL2 is dramatically overexpressed in
resected GC

The level of MYBL2 mRNA expression in gastric adenocarci-
noma tissues is significantly higher than in the tissues adjacent
to carcinoma (P=0.0008) (Figure 1). The overexpression of
MYBL2 protein was observed in 85.1% (63/74) in cancerous
tissues and 43.2% (32/74) in corresponding normal tissues,
which showed statistically significant (P=0.000; Figure 2).

Correlation of MYBL2 protein expression

with clinicopathological variables

To further explore connection of MYBL2 protein expression
and the clinical pathological features, we got the result as
shown in Table 2. In those parameters, the overexpression of

Intestinal type

20x%

60x

MYBL2 protein was proved to be statistically significant in
diffuse type of Lauren classification (P=0.028), poor differ-
entiation (P=0.006), and lymph node metastasis (P=0.0367).

Association between MYBL2 expression

and patient survival

The study indicated that pTNM stage, lymph node metastasis,
and MYBL2 protein expression levels have prognostic
implications on OS and disease free survival (PFS) (Table 3).
Then in multivariate analysis, as a result, TNM stage and
MYBL2 protein expression were independent factors influ-
encing the prognosis of gastric adenocarcinoma in median
disease free survival (mPFS) (Table 4). The over-MYBL2
expression group showed dramatically shorter time than
that with normal MYBL2 expression group in the median

D|ffu§e type

*/.«% !.z,. ;

Figure 2 Immunohistochemical detection of MYBL2 protein expression in gastric cancer counterstained by hematoxylin.
Notes: (A, C) High expression of MYBL2 protein in intestinal type gastric cancer tissues. (B, D) High expression of MYBL2 protein in diffuse type gastric cancer tissues.
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Table 2 Relationship between MYBL2 protein expression in gastric cancer tissue and its clinical pathological parameters

Clinicopathological parameters All cases High expression Low expression P-value
Gender 0.881
Male 49 41 8
Female 25 22 3
Age (years) 0.943
<60 43 36 7
=60 31 27 4
Lauren classification 0.028*
Diffuse type 36 34 2
Intestinal and mixed type 38 29 9
Differentiation 0.006*
Well and moderate 39 29 10
Poor 35 34 |
pTNM stage >0.05
| 13 9 4
Il 19 17 2
1] 42 37 5
Lymph node metastasis 0.0367*
Yes 49 45 4
No 25 18 7
Maximum diameter of tumor (cm) 0.210
<5 55 49 6
=5 19 14 5
Location
Upper 26 22 4 >0.05
Middle 25 19 6
Lower 23 22 |
Recurrence and metastasis
Yes 30 27 3 0.523
No 44 36 8
Survival status
Survival 50 40 10 0.149
Death 24 23 |
Note: *Statistically significant, P<<0.05.
Table 3 Univariate Cox regression analysis for OS and PFS in GC
Clinical parameters os PFS
HR (95% CI) P-value HR (95% CI) P-value
Age 0.456—-1.999 0.902 0.452—-1.411 0.439
Gender 0.488-2.261 0.899 0.405-1.376 0.348
Lauren classification 0.808-2.214 0.258 0.705-1.496 0.889
Differentiation 0.667-2.887 0.381 0.588-1.821 0.905
pTNM stage 4.017-21.004 0.000% 3.005-13.486 0.000%
Lymph node metastasis 3.448-17.677 0.035% 1.975-7.806 0.043*
Maximum diameter of tumor 0.458-2.512 0.872 0.751-2.802 0.268
MYBL2 protein expression 0.034-0.191 0.000* 0.106-0.435 0.000%

Note: *Statistically significant, P<<0.05.

Abbreviations: GC, gastric cancer; PFS, disease free survival.
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Table 4 Cox multivariate regression analysis for mPFS in GC

Parameters Sig Exp (B) | 95% CI for Exp (B)

Lower limit | Upper limit
MYBL2 protein | 0.004 | 0.153 0.043 0.541
expression
pTNM stage 0.018 | 0.261 0.160 0.659

Abbreviations: GC, gastric cancer; mPFS, median disease free survival.

overall survival (27 vs 53 months; Figure 3A) and the mPFS
(25 vs 46 months; Figure 3B). There was also a statistically
significant difference between MYBL2 expression quan-
tity in patients with stage I-II (P=0.033) and in those with
stage III-1V (P=0.008) in OS (Figure 3C and D).

Discussion

The mainstream tumorigenesis processes involved in GC are
characterized by phenotypic, multistep progression cascades.’
Unfortunately, even if a large amount of progress has been
made in the diagnosis and comprehensive treatment, patients’
prognosis remains poor.
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Figure 3 Survival curves plotted by employing Kaplan—Meier estimator.

MYBL2 could bind to the promoter regions of DNA
topoisomerase I, cdc2, cyclinB1, cyclinA2, and other genes
to promote the transcription of these genes, so that cells can
enter the G2/M phase smoothly.*!° One study'! showed that
MYBL2 can regulate the expression of transcription factor
snail to promote the transformation of mammary gland
epithelial cells to mesenchymal cells. Several studies have
shown that the activity of MYBL2 is essential to the cell cycle
progression.'>"* According to the results of DNA microar-
ray analysis on breast cancer, high expression of MYBL2 is
closely associated with p53 mutations.'* Some studies have
also shown that DT40 cells lacking MYBL2 expression are
more sensitive to DNA damage.'*

MYBL2 can inhibit cell apoptosis by inducing the
expression of antiapoptosis genes such as Bcl-2, Survivin,
and ApolJ/clusterin.*'®'® A number of foreign studies have
indicated that the MYBL2 gene amplified in a variety of
tumor tissues, including human non-small-cell lung cancer,
liver cancer, and skin T-cell lymphoma.'** As such, when
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Notes: (A, B) Kaplan—Meier plot with univariate analysis indicated that patients with high MYBL2 expression had a poorer OS (P=0.000) and PFS (P=0.000) than those with
normal MYBL2 expression through a log-rank test. (C, D) A stratified survival analysis according to the pathological stage about MYBL2 expression discernibility on OS.

Abbreviations: exp, expression; PFS, disease free survival.
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inhibiting the expression of MYBL2, the proliferation of a
number of cells, such as lymphocyte, glioblastoma cells,
fibroblasts cells, neuroblastoma cells, was found to be sup-
pressed.?'*? Studies have shown that MYBL2 expression is
significantly increased and associated with poor prognosis
in neuroblastoma, prostate cancer, and basal cell breast
cancer.>»?* Ren et al’s study® showed that MYBL2 overex-
pression was an independent prognostic factor in colorectal
cancer development and progression.

In our study, significantly more overexpression of MYBL2
mRNA and protein was observed in resected GC than in para-
cancerous tissues. The intratumoral and intertumoral hetero-
geneous expression of MYBL2 protein exists in GC tissue,
which exhibits different expression level and localization of
MYBL2 protein between different sites of the same tumor
and between different tumors. A meaningful correlation was
found between the overexpression of MYBL2 protein and
clinical factors, specifically Lauren classification, differentia-
tion, and lymph node metastasis. There are many differently
pathological and clinical characteristics between the diffuse
type and intestinal type GC, including histogenesis, carci-
nogenesis, and prognosis. In our study, the MYBL2 protein
expression level in diffuse type GC is higher than the intes-
tinal type GC, which may indicate a molecular mechanism
of diffuse type GC. In addition, the rate of MYBL2 protein
overexpression in GC with poor differentiation and lymph
node metastasis is much higher. The finding may support that
MYBL2 relate to the malignant biological behavior of GC.
We then found that patients with MYBL2 overexpression had
a significantly shorter survival time. Results demonstrated
that MYBL2 overexpression might be considered a negative
prognostic factor for mPFS. We drew the conclusion that
with respect to pTNM stage, overexpression of MYBL2 had
poorly prognostic significance in OS, as indicated by further
stratified analysis.

Recently, MYBL2 may have been associated with the
chemotherapy drug resistance. In non-small-cell lung cancer,
the cetuximab drug-resistant clone has a higher MYBL2
mRNA and protein levels than nonresistant clones do.?
As a colon cancer cell line, DLD-1, resistant to 5-FU, had
MYBL2 mRNA accumulation behavior, which, according
to researchers, indicated that the cell cycle-related mRNA
could be one of 5-FU’s resistance mechanisms.*

In a word, the present work shows that resected GC
patients with MYBL2 overexpression had poorer survival
and predicted MYBL2 may be potentially used as an impor-
tant biomarker for early diagnosis, prognosis, and clinical
therapy for GC.
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