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Abstract

Objectives: The EVI2B (Ecotropic Viral Integration Site 2B)
gene encodes a transmembrane glycoprotein pivotal
in immunocytes maturation. Recent evidence implicated
EV12B’s expression with human colon cancer progression.
However, EVI2B’s downstream pathways affecting tumor
growth and tumor-infiltrating cells remain unclear.

Methods: We first studied the diagnostic and prognostic
value of EVI2B in pan-cancers by utilizing a series of in sil-
ico tools and clinical samples. Then we identified the
modulated transcriptional expression and DNA methyl-
ation in high EVI2B’s expression groups of the same three
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cancers. We verified via RT-PCR the effect of stable EVI2B
knock-down on the expression of JAK/STAT-related genes
in two immune cell lines and the acceleration of prolifer-
ation in four cancer cell lines. Finally, the regulation of
leukocyte infiltration was studied using TIMER.

Results: In SKCM and LUAD a heightened EVI2B’s expres-
sion promoted a better prognosis. Conversely, in LGG
EVI2B’s upregulation concurred with a worse prognosis.
EVI2B silencing enhanced the proliferation of the tumor
cell lines. The hypermethylated genome strengthened
EVI2B’s Janus-like effect in high EVI2B expressing SKCM
and LUAD tumors. While the total DNA methylation was
lower in high EVI2B expressing LGG. Further analysis
revealed that multiple EVI2B-involved down-stream
JAK-STAT genes also exhibited the Janus-like feature in
SKCM, LUAD and LGG progression. Correspondingly, anti-
tumor leukocytes infiltrated EVI2B high expressing SKCM
and LUAD while more pro-tumor ones penetrated into
EVI2B heightened LGG.

Conclusions: EVI2B acts as a Janus-faced oncogene/anti-
oncogene by differently affecting neoplastic cell prolifera-
tion rates and tumor-promoting or tumor-hindering
immunocytes’ infiltration.

Keywords: DNA methylation; EVI2B; JAK-STAT; oncological
immunology; prognostic marker; tumor growth.

Introduction

Skin cutaneous melanoma (SKCM), lung adenocarcinoma
(LUAD) and low-grade glioma (LGG) are ranked among the
top causes of cancer death worldwide. Statistics indicate that
lung cancer accounted for 11.6% (>2 million cases) of all tu-
mor cases and 18.4% (>1.7 million cases) of total cancer
deaths worldwide in 2018, wherein LUAD, a primary subtype
of lung cancer, was most common in females and non-
smoking males [1, 2]. Besides, gliomas accounted for
approximately 80% of all new primary malignant brain and
central nervous system tumors [3]. Typically, gliomas are
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classified into four grades, with Grade I and Grade II rep-
resenting low-grade gliomas (LGGs) [4]. The glioblastoma
(Grade IV) exhibits an overall ~15 months survival time
while LGG has a much longer-lasting clinical course while
proceeding to higher grades. It makes LGG a more suitable
stage for intervention [5]. Additionally, SKCM causes 55,500
fatalities annually, accounting for 1.7% of the newly diag-
nosed cases of all cancer types. Compared with gliomas,
SKCM’s prevalence rate is lower, but since 1970 it has been
rapidly increasing. Nowadays, SKCM causes the highest
number of metastatic skin cancer-related deaths. Hence,
developing more sensitive and precise biomarkers to
diagnose and treat these malignancies is critical.

By negatively regulating the RAS pathway, the NF1 gene
is the major suppressor of neurofibromatosis [6]. NF1 mutant
is present in over 15% of all SKCM cases [7]. Various lines of
evidence have shown that EVI2B’s (Ecotropic Viral Integra-
tion Site 2B) (aka CD361) expression is closely related to NF1’s
transcription [8]. EVIZB is a protein encoding gene placed
within the 27b intron of the NF1 gene, having the comple-
mentary sequence of the latter. Using an EVI2B”~ (KO)
murine model, Zjablovskaja et al. showed that EVIZB is a
frequent integration site of murine leukemia retroviruses,
being also a target of the transcription factor CCAA-
T/enhancer binding protein-(C/EBP-a), and promoting the
function of granulocytic and hematopoietic progenitor cells
[9]. EVI2B also participates in differentiating melanocytes
and Kkeratinocytes [8]. Moreover, EVI2B is a potential
prognostic biomarker in colorectal cancer, osteosarcoma
[10, 11] and metastatic melanoma [12]. Its product, EVI2B, is
a transmembrane glycoprotein that regulates the tumor
immune system.

Recent experimental evidence proved that tumor-
infiltrating lymphocytes (TILs) profoundly influence
neoplastic progression. Cancer cells function as antigens in
human tissues, and a group of TILs can directly kill cancer
cells thereby suppressing or slowing tumorigenesis.
Conversely, other types of TIL function as tumor promoters
[13, 14]. Besides the specific TIL types, the cancer’s histo-
pathological type and stage affect the patients’ prognosis
[15]. It was reported that via an IFN-y-activated CD8" T cells
infiltration high EVI2B’s expression acted as a favorable
prognostic or antitumor factor in metastatic melanomas
[12]. However, it was unclear whether EVI2B directly affects
the proliferation of cancer cells and promotes an antitumor
immunocytes infiltration in all types of cancers.

In this study, we first analyzed the public dataset
regarding the patients of 33 types of common cancers from
The Cancer Genome Atlas (TCGA). Next we checked EVI2B’s
cancer diagnostic features in SKCM using clinical tumor
specimens. Subsequently, we assessed the relationship
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between EVIZB’s high or low expression levels and pan-
cancer patients’ survival via Gene Expression Profiling
Interactive Analysis (GEPIA). Moreover, by stably silencing
EVI2B in two immune cell lines (i.e. U937 and JURKAT) we
explored the effects of EVI2B’s transcription on tumor
immunity-related pathways in the absence of TILs. Besides,
using the CCK-8 and colony formation assays we assessed
whether EVI2B directly regulated the proliferation rates of
four cancer cell lines (i.e. A375, A549, HepG2, and U87). Our
results showed that an increased EVIZB’s expression corre-
lated with a better prognosis in SKCM and LUAD but
concurred with shorter survival in LGG patients. We also
found the six key leukocyte groups in the tumors’ microen-
vironments, i.e., CD4" T cells, CD8" T cells, B cells, macro-
phages, dendritic cells (DC), and neutrophils, were all up
regulated in the patients with an EVI2B’s increased expres-
sion. On the other hand, the JAK-STAT and PI3K-Akt-NF-kB
signaling axis was up-regulated in all three types of cancers
investigated. However, STAT4 was upregulated in SKCM and
LUAD, while STAT6 was upregulated in LGG. Therefore,
STAT6 specifically drove the downstream infiltration of
tumor-promoting Th2 cells in LGG, while STAT4 activated
the anti-tumor Th1 cells in SKCM and LUAD. These results
proved why EVI2B exerts distinct effects on the survival of
SKCM, LUAD, and LGG patients.

Methods
Clinical specimens and immunochemistry

The First Affiliated Hospital of Shenzhen University provided us with
all the melanoma samples. The EVI2B glycoprotein antibody (3263S)
used was bought from Cell Signaling Technology, Inc. Immunochem-
istry experiments were conducted as described previously [16]. Briefly,
the paraffin-embedded tissue was cut into 4-um-thick sections. The
antigen retrieval was done by boiling the samples for 10 minina 0.01 M
citric acid solution (pH=6) then cooling them down. Next, the slides
were blocked with 3% H,0, solution and 5% goat serum at 37 °C for 1 h.
The EVI2B antibody (CST 3263S) was diluted by 1:1,000, and the slides
were incubated at 4 °C overnight. Sections were next incubated with a
secondary antibody, and diaminobenzidine tetrachloride (DAB)
served to develop the peroxidase reaction. The HMB-45 (38815S) and
$-100 (90393) antibodies were also purchased from Cell Signaling
Technology, Inc. (Danvers, Massachusetts, USA). The Melan-A (M02033)
antibody was purchased from Boster Biological Technology Co., Ltd
(Wuhan, Hubei, CHN).

Establishment of stable EVI2B-silenced cell lines

We used the GL427 lentivirus expression vector (OBiO Technology
Corp., Ltd.; Shanghai, CHN) to deliver the EVI2B shRNA into U937,
Jurkat, A549, A375, HepG2, and U87cells. U937 is a macrophage-like
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lymphoma cell line. Jurkat is a T lymphocyte leukemia cell line. All the
cells were purchased from Procell Life Science & Technology Co., Ltd
(Wuhan, Hubei, CHN). A scrambled siRNA sequence served as the
negative control. The shRNAs sequences used were: EVI2B Si-1:
CACAGCCTACCTTATTCACAT; EVI2B Si-2: CCAATCTGACAAACCCA-
CAAT; EVI2B Si-3: CCAACTCTGATCAAGATCTTA; NC: CCTAAGGT-
TAAGTCGCCCTCG. The A549, A375, U87 and HepG2 cells were cultured
in DMEM (Gibco, 11965092) with 10% FBS (Gibco, 10,099) and 1% Pen-
Strep solution (Gibco, 15140148) added. The U937 and Jurkat cells were
cultured in RPMI 1640 medium (Gibco, 61870036) with 10% FBS (Gibco,
10099) and 1% Pen-Strep solution (Gibco, 15140148). All the cell culture
medium was produced by Thermo Fisher Scientific Co., Ltd (Waltham,
Massachusetts, USA). Cultures were run at 37 °C in air 95%)/CO, 5% v/v.

Cell proliferation assay

EVI2B-silenced A549, A375, HepG2 and U87cells were seeded at
200 cells/well in 96-well plates and cultured for 48 h at 37 °C in the air
with 5% v/v CO,. Non-silenced corresponding control cells were seeded
in parallel and treated similarly. The cell growth rate was evaluated
using the Cell Counting Kit-8 (#HY-K0301, MCE, New Jersey, USA). The
cells’ absorbance represented the relative cell numbers.

A colony formation assay assessed the proliferation rate changes in
the EVI2B-silenced cell lines. One hundred A549 cells were seeded onto
100 mm dishes and cultured for one week to obtain the colonies. The
area of the colonies was evaluated using Image ] software.

RNA extraction and real-time (RT-PCR)

The EVI2B-silenced U937 and Jurkat cells were collected 72 h after
lentivirus transfection and next lysed with TRIZOL reagent (#15596018,
Invitrogen, Waltham, Massachusetts, USA). Chloroform was added to
extract the RNA and isopropanol was used to collect the RNA pre-
cipitates. After being washed with ice-cold 70% ethanol, the RNA pel-
lets were dissolved in DEPC-treated water. The cDNA was synthesized
using the Fist strand cDNA synthesis kit (Thermo, #K16225). The RT-PCR
was conducted according to the manufacturer’s instructions (#B21202,
Bimake, Shanghai, CHN). The PCR primers were designed by using the
PrimerBank database (pga.mgh.harvard.edu) and are shown in
Table S1.

Western immunoblotting

The cell samples were lysed through sonication in RIPA buffer
(#20101ES, Yeason, Nanjing, Jiangsu, CHN) with added protease and
phosphatase inhibitors (Roche, Monza, Italy). The BCA assay Kkit
(Thermo Fisher, #23227) assessed the protein concentration and
assured that equal protein amounts were loaded to all lanes. After
SDS-PAGE electrophoresis, proteins were blotted onto PVDF mem-
branes. 5% skimmed milk was applied to block the non-specific binding
antigen. The primary antibodies were incubated overnight at 4 °C.
TBST buffer (Thermo Fisher, #37543) was used to wash the membrane
three times. The second antibodies were incubated at room tempera-
ture for 1 h. After three washes, the membranes were incubated with
HRP substrate (#WBKLS0100, Millipore, KGaA, Darmstadt, Germany)
to detect the bands. The protein band density was measured with
Image] software.
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Genetic and prognostic analysis using GEPIA

GEPIA was used to assess the expression levels of EVI2B and differ-
ential survival rates between high and low EVI2B’s expression groups
in all 33 cancer types from TCGA and GTEx (Genotype-Tissue Expres-
sion project). GEPIA is available at http://gepia.cancer-pku.cn/ [17]. The
cancer types were labeled according to TCGA (The Cancer Genome
Atlas) (ACC: Adrenocortical carcinoma, BLCA: Bladder Urothelial
Carcinoma, BRCA: Breast invasive carcinoma, CESC: Cervical squa-
mous cell carcinoma and endocervical adenocarcinoma, CHOL: Chol-
angio carcinoma, COAD: Colon adenocarcinoma, DLBC: Lymphoid
Neoplasm Diffuse Large B-cell Lymphoma, ESCA E: sophageal carci-
noma, GBM: Glioblastoma multiforme, HNSC: Head and Neck squa-
mous cell carcinoma, KICH: Kidney Chromophobe, KIRC: Kidney renal
clear cell carcinoma, KIRP: Kidney renal papillary cell carcinoma,
LAML: Acute Myeloid Leukemia, LIHC: Liver hepatocellular carci-
noma, LUSC: Lung squamous cell carcinoma, MESO: Mesothelioma, OV:
Ovarian serous cystadenocarcinoma, PAAD: Pancreatic adenocarci-
noma, PCPG: Pheochromocytoma and Paraganglioma, PRAD: Prostate
adenocarcinoma, READ: Rectum adenocarcinoma, SARC: Sarcoma,
STAD: Stomach adenocarcinoma, TGCT: Testicular Germ Cell Tumors,
THCA: Thyroid carcinoma, THYM: Thymoma, UCEC: Uterine Corpus
Endometrial Carcinoma, UCS: Uterine Carcinosarcoma, UVM: Uveal
Melanoma).

Differentially expressed genes (DEGs) analysis via
c-Bioportal

The c-Bio Cancer Genomics Portal (http://cbioportal.org) was used to
analyze the differentially expressed genes (DEGs) [18]. The 469 SKCM,
619 LGG and 586 LUAD samples of the TCGA and Firehouse Legacy
Project were divided into two groups according to EVI2B’s expression
levels, respectively. The EVI2B high expression individuals were
determined by standard score and the threshold was Z-score >1.

The DNA methylation data was obtained based on human
methylation HM450 chip from the c-Bioportal database. A t-test deter-
mined the significance of methylation changes.

DEG genes analysis via DAVID and KEGG

The Database for Annotation, Visualization, and Integration Discovery
(DAVID) interprets the functions of an extensive list of genes. Modules
of Gene Ontology (GO) annotation and KEGG (Kyoto Encyclopedia of
Genes and Genomes) pathway analysis were integrated into DAVID.
We used DAVID to perform the DEGs clustering. DAVID is available at
http://david.niaid.nih.gov [19].

Immunocytes infiltration analysis via TIMER (tumor
immune estimation resource)

The TIMER (http://cistrome.shinyapps.io/timer) software served to
quantify the immunocytes infiltration [20]. The analysis was based on
the transcriptomic data of TCGA. Each patient’s EVI2B expression level
was exported along with certain immunocyte infiltration levels or an
immunocyte marker gene level. The correlation between EVIZ2B
expression and immune infiltration was determined via further
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statistical analysis. With multiple immune infiltration algorithms pro-
vided, we used TIMER2 to validate the finding.

Data availability and statistical analysis

All the source data of omics has been uploaded to Github and can be
downloaded at https://github.com/zfyn/EVI2B-data/tree/main.

The divergent levels of EVI2B expression were assessed based on
the Standard Score, a statistical parameter evaluating the degree of
deviation. The individuals with Z-score >1 were defined as the high
EVI2B expression group. The identity of the DEGs was proved via Stu-
dent’s t-test with a p-value <0.05. The differentially methylated genes
were identified via Student’s t-test with a p-value <0.05. The R-value of
the Spearman test and p-value of the Student’s t-test was used to assess
the correlation between EVI2B expression and immune cell marker
genes levels. r>0 represented the positive correlation. The confidence of
the clustering annotation was evaluated via false discovering rate (FDR)
for the DAVID-GO enrichment of DEGs.

Results

EVI2B’s expression affected the survival
prognosis of SKCM, LUAD, and LGG cases

Using the GEPIA database we investigated EVI2B’s expres-
sion levels in 33 types of tumors compared to their normal
tissue counterparts. Figure 1A shows that EVI2B was
upregulated in 11 diverse types of cancers, including
esophageal carcinoma (ESCA), glioblastoma multiforme
(GBM), kidney renal clear cell carcinoma (KIRC), kidney
renal papillary cell carcinoma (KIRP), acute myeloid leu-
kemia (LAML), LGG, ovarian serous cystadenocarcinoma
(OV), pancreatic adenocarcinoma (PAAD), SKCM, stomach
adenocarcinoma (STAD), and testicular germ cell tumors
(TGCT). In contrast, EVI2B was significantly downregulated
in diffuse large B-cell lymphoma (DLBC), lung squamous
cell carcinoma (LUSC), and thymoma (THYM) (Figure 1B).
Concerning the tumorigenesis process, EVI2B expression
fluctuated during distinct stages of SKCM progression
(Figure 10).

To assess the reliability of the high-throughput data,
we examined immunohistochemistry EVI2B protein’s
levels in clinical tumor specimens. For example, Figure 1D
shows that melanoma tumor cells could be identified via
the biomarkers HMB-45, Melan-A, and S-100. The EVI2B
glycoprotein was upregulated in the melanoma cells as
compared to the adjacent normal tissue, consistent with
the GEPIA data.

To evaluate whether EVI2B was associated with the
potential prognosis of various tumors, we used GEPIA to
analyze the survival data from 33 distinct types of cancer
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(Figure 2A). Interestingly, EVI2B’s expression significantly
affected the prognosis in LUAD, LGG, and SKCM. The EVIZ2B
high-expression patients had a shorter-lasting survival in
LGG (HR [high]=2.3, P[HR]=2.3¢°) but a longer-lasting one in
LUAD (HR [high]=0.65, P[HR]=0.0058) and SKCM (HR [high]
=0.49, P[HR]=2.7e"7) (Figure 2B). We could confirm EVI2B’s
prognostic value in LGG, LUAD, and SKCM cases by
comparing the survival curves with the high or low EVI2B’s
expression levels and grouping them according to gradient
inclusion criteria (Figures S1 and S2).

EVI2B’s expression levels correlated with
JAK-STAT and PI3K-Akt pathways

To elucidate the underlying signaling pathways regulating
the prognosis in EVIZB-high-expressing patients, we per-
formed a cluster analysis of the DEGs pertaining to EVIZ2B
high- and low-expressing groups. The gene expression data
were extracted from the TCGA database and the Firehouse
Legacy datasets. Via c-Bioportal the samples were divided
into high EVI2B expression and low EVIZB expression
groups, respectively. Next, the genes with p-values <0.05
were listed and selected as the DEGs of LUAD, SKCM, and
LGG. To conduct the KEGG pathway clustering analysis, we
chose the up-regulated DEGs with the lowest 1,000 p-values.
As Figure 3A-C show, the JAK-STAT signaling pathway, NF-
kB signaling pathway, PD-L1 (programmed cell death ligand
1) expression, PD-1 (programmed cell death protein 1)
checkpoint pathway, and PI3K-Akt signaling pathway were
clustered in all three types of cancers. We further analyzed
DEGs based on their expression fold-changes and found
that the target genes of the JAK-STAT signaling pathway (i.e.
JAK3, PIK3CG, CSF1R, and PIK3R5 of the PI3K-Akt pathway,
and TLR4 and VCAM1 of the NF-kB pathway) were up-
regulated more than two-fold in all three types of cancer
(Figure 3D).

Additionally, we investigated the downregulated DEGs.
In contrast to the consistency of the up-regulated DEGs
clustering, the down-regulated DEGs of LGG significantly
diverged from those of LUAD and SKCM. As shown in
Figure 3E-G, mitochondrial and RNA metabolism-related
genes were downregulated in LUAD and SKCM. On the
other hand, most of the pathways clustered in LGG were
associated with the nervous system. These results clarify
why EVI2B regulates distinct signaling pathways linked to
LGG infiltrating immunocytes and the patient’s prognosis.
Additionally, the analysis of JAK-STAT pathway genes in
relation to survival showed divergent results. The JAK3,
STAT4, and STAT5A genes differently affected the patients’
survival in LGG, LUAD, and SKCM, respectively (Figure 4).
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EVI2B’s expression affects total genomic
methylation/demethylation including genes
of JAK-STAT and PI3K-Akt signaling pathways

A shift in DNA methylation pattern often goes along with
tumorigenesis. Hypermethylation is an important mecha-
nism involved in the inhibition of gene transcription.
To figure out whether there might be any correlation
between EVI2B and DNA methylation, we obtained the
DNA methylation chip data from the TCGA database and

Firehouse Legacy data set and further examined the overall
methylation profile of LUAD, LGG and SKCM samples
between the EVI2B high- and low-expression groups. The
divergence of methylation level was determined by t-test.
Genes whose methylation level changed with a p-value
<0.05 were identified as hypermethylated and demethy-
lated. As to SKCM, the high EVI2B expressing group had
5,022 genes with increased methylation, while in the low
EVI2B expressing group 4,315 genes were hypermethylated.
As to LUAD, the high EVI2B expressing group had 3,614
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Figure 4: Survival analysis of EVI2B down-stream genes. The survival curves of EVI2B down-stream JAK-STAT genes were analyzed. Up-regulation of the

JAK-STAT genes behaved differently according to the prognosis in SKCM and LUAD concerning to LGG.
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genes with higher methylation levels, while the low EVI2B
expressing group had 2,396 hypermethylated genes. As to
LGG, the overall genomic methylation levels were lower;
the high EVI2B expressing group had 1,636 hyper-
methylated genes, while the EVI2B low expression group
had 5,083 genes with increased methylation levels
(Figure 5A). Interestingly, as had happened for prognosis,
down-regulated DEGs, and immunocytes infiltration (see
below), EVI2B expression similarly affected DNA methyl-
ation in LUAD and SKCM but not in LGG. The high EVIZB
expressing group showed more intense methylation in
LUAD and SKCM, but a less intense one in LGG.

Moreover, Figure 5B-D show that the genes of the
JAK-STAT and PI3K-Akt pathways were demethylated along
with EVI2B’s high expression. Typically, JAK3, STATS3,
PIK3GC, PIK3R5, and RAC2 were demethylated in all three
types of cancer. By comparison, JAK1, VCAMI1, and KSR2
genes were only demethylated in SKCM and LUAD. More-
over, the protein-protein interaction analysis of the upre-
gulated and demethylated genes revealed that the JAK-STAT
genes were closely related to the PI3K-Akt genes (Figure 5E).
Therefore, by demethylating essential genes, EVI2B can
activate the JAK-STAT and PI3K-Akt pathways in SKCM,
LUAD, and LGG.

EVI2B’s expression levels affected the
growth of four diverse cancer cell lines

To evaluate the impact of EVI2B on tumor cells, we exam-
ined the cell viability while EVI2B was silenced in four
cancer cell lines (A375, A549, U87 and HepG2). RT-PCR
quantified the knock-down efficiency of shRNA with two
pairs of EVI2B primers, which guaranteed accuracy
(Figure 6A). The CCK-8 assay indicated that when EVIZB was
silenced, all four cancer cell lines exhibited accelerated
proliferation rates, which suggested EVI2B functioned as
an anti-oncogene (Figure 6B). The idea EVI2B can regulate
cancer cell division was re-validated via colony formation
assay. Consistently, the EVI2B knock down cells showed a
higher colony number and a significantly larger colony
area (Figure 6C).

EVI2B’s expression levels correlated with
tumor-infiltrating immunocytes in LUAD,
LGG, and SKCM

Immunocyte infiltration significantly alters cancer pro-
gression via various mechanisms, including assisting
neoplastic cells in evading the immune system or promoting
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resistance to multiple drugs. We analyzed the correlation
between EVI2B’s expression levels and cancer-infiltrating
immunocytes using TIMER in 33 types of neoplasia. As
Figure 7 shows, statistical analysis revealed that EVIZB’s
expression correlated with immunocytes infiltration of
SKCM, LUAD, and LGG-a finding multiple immunocytes
infiltration algorithms further confirmed (Figure S3).
EVI2B’s expression significantly affected the prognosis of the
three cancer types as it positively correlated with the distinct
kinds of immunocytes infiltrating SKCM, LUAD, and LGG.

To gain the immunocytes infiltration details, we
analyzed the correlation between EVIZB’s expression, and
the markers sets of the immunocytes penetrating into
LUAD, LGG, and SKCM, that is CD8" T cells, T cells (generic),
B cells, monocytes, tumor-associated macrophages (TAMs),
M1 and M2 polarized macrophages, neutrophils, NK cells,
and DCs (Table 1). Moreover, we analyzed the functional
differences among T cell sets, such as Th1 cells, Th2 cells,
T follicular helper (Tth) cells, Th17 cells, regulatory T cells
(Tregs), and exhausted T cells (Figure 8).

We found that EVI2B promoted the CD8" T cells, CD4*
T cells, and macrophages infiltration in LUAD, LGG, and
SKCM. The R-values of CD8" T cells in LUAD (R=0.538) and
SKCM (R=0.635) were higher than in LGG (R=0.317). The
R-values of CD4" T cells and macrophages in LUAD (R=0.554)
and SKCM (R=0.539) were lower than in LGG (R=0.836)
(Figure 7). In fact, in LGG the T cell markers CD8A, CDS8B,
STAT4, STAT5B, CCR8, and FOXP3 behaved differently. As is
clear from the graph, the immune markers of B cells and
exhausted T cells had a robust positive relationship with
EVI2B expression in LUAD and SKCM but showed a weaker
correlation in LGG. The Spearman’s correlation coefficients
for CD19, CD79A, PD-1, and CTLA-4 were all positive and
prominent in LUAD and SKCM. Conversely, the correlation
coefficients for LGG were much lower than those for LUAD
and SKCM (Table 1). EVIZB expression concurred with
biomarkers (STAT5 and STAT6) for Th2 cells, a kind of CD4*
T cells, in LGG (RgraT54=0.745, RgraT6=0.576). In contrast,
STATS5 and STAT6 showed a much weaker relation to EVI2B
in SKCM (Rstatsa=0.264, Rstat6=0.105) and STAT6 also
showed no correlation to EVI2B in LUAD (Rgratsa=0.734,
RsraT6=0.184). Additionally, Thl cell markers also showed
this contrary trend (SKCM Rgpa14=0.806, LUAD Rg7a14=0.579,
LGG Rgrarsa=—0.121; SKCM R1px21=0.805, LUAD Rrpx,1=0.647,
LGG Rypx21=—0.2) (Table 1).

Moreover, the immunological markers of dendritic
cells, monocytes, and M2 macrophages showed a strong
positive correlation with EVI2B expression in all three
types of cancers examined. Table 1 also indicates that
HLA-DPB1, HLA-DQB1, VSIG4, CD86, and CSFR1 were upre-
gulated along with EVI2B (p<0.0001; R=1), respectively,
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Figure 5: EVI2B’s high and low expression levels in SKCM and LUAD affected the methylation of the whole genome and of genes related to the JAK/STAT
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Figure 6: The results of EVI2B knock-down assay in A375 (melanoma), HepG2 (hepatoma), A549 (lung adenocarcinoma), and U87 (glioma) cell lines show
that it directly acts on the tumor cells as an antioncogene. (A) RT-PCR analysis of EVI2B’s transcription levels in the four silenced cell lines studied. (B)
Colony formation assay for the A549 cell line. (C) The CCK-8 assay results show that silencing EVI2B stimulated the proliferation in all four cell lines

investigated proving that when functioning EVI2B is by itself (i.e., in the absence of tumor-infiltrating immunocytes) an antioncogene that significantly

slows the growth of these neoplastic cell lines.

suggesting diversity in the roles played by EVI2B in
different tumor microenvironments.

To further verify the function of EVI2B-mediated regu-
lation of signaling pathways, via lentivirus we constructed
EVI2B knock-down cell lines. In keeping with our earlier
analysis (Figure 6), the study focused on the macrophage and

T cell lines. Once EVI2B protein’s silencing was obtained
(Figure 9A), STAT4, STAT6, and TNF-a were sharply down-
regulated in U937 and Jurkat cells. Moreover, the mRNA
results showed that IFN-y was also significantly down-
regulated in Jurkat cells (Figure 9B). In summary, the clinical
sample RNA sequencing data (Figure 3) and the RT-PCR
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results (Figure 9B) showed that the JAK-STAT pathway is the
down-stream target of EVI2B.

Discussion

The EVI2B gene encodes a plasma membrane glycoprotein
involved in granulocyte development and hematopoietic
progenitor cell activity [9]. However, little is still known
about EVI2B’s roles in other biological processes and cellular
functions. Based on high throughput clinical data, we found
that three types of cancers were significantly, though
differently, influenced by EVI2B via the changes in the DNA
methylation of genes involved in the JAK-STAT and PI3K-Akt
signaling pathways. Yonekura and Ueda [12] reported that
EVI2B promotes immune infiltration in melanoma. Our
study integrating the overall cancer cell proliferation rates
and signaling pathways with specific patterns of infiltrating
immunocytes further revealed that, EVI2B modulates
patients’ prognosis in a pan-cancer view. Thus, a tissue-
specific regulation mode of EVI2B affecting the activation of
specific types of immunocytes resulted in quite divergent
outcomes in LGG compared to LUAD and SKCM.

In this study, we first found that EVI2B expression
globally reduced cell proliferation in various cancer cell
lines, which suggested that EVIZB may function as an
oncogene. However, this idea contradicted EVI2B’s Janus-
faced prognostic data. As to SKCM and LUAD, high EVI2B

expression individuals showed better survival rates than the
low EVIZ2B expression ones, which indicated that EVIZB’s
role was antioncogenic. Conversely, as to LGG, the high
EVI2B expression group showed a poorer survival, which
connoted its role as an oncogene; this contrasted with the
observation that after knocking down EVI2B expression the
glioma cell line U87 showed an accelerated proliferation,
which revealed that when expressed EVI2B played the role of
an antioncogene in such cells.

The clustering analysis provided clues to explain this
dilemma about the divergent tissue-specific effects of EVI2B
on tumor progression. This analysis proved that multiple
JAK-STAT pathway genes were associated with EVI2B, such
as JAK3, STAT4, STAT5A and STAT6 (Figure 3D). Intriguingly,
all these genes showed double-edged effects on cancer
prognosis (Figure 4). Concretely, the high expression group
of all the four genes showed poorer survival in LGG, at sharp
variance with that in LUAD and SKCM. This Janus-faced role
of EVI2B may be due to the double-edged feature of the
JAK-STAT pathway. This view is strengthened by the fact that
STAT4 and STAT6 were validated as down-stream effectors
of EVI2B (Figure 9B).

The JAK-STAT pathway is an essential regulatory axis in
tumor immunology. It is well known that the spatial het-
erogeneity of immunocytes infiltration in tumors has
implications for cancer progression and outcome [21]. To
date, mounting evidence proves that distinct types of
immunocytes play a vital role in tumor infiltration. Besides,
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Figure 8: The relationships between EVI2B’s expression levels and the marker genes of various tumor-infiltrating anti-tumor immunocyte types, i.e.
monocytes, B cells, dendritic cells, T cells, M2 macrophages, and Th1 cells. Scattered dots show the relationship between EVI2B’s and immunocytes marker
genes’ expression levels. Each dot stands for a clinical sample. LGG (n=505); LUAD (n=482); SKCM (n=425). The blue continuous line means the average
expression of EVI2B at each level. The R value of correlation analysis and p value for t-test are presented in red. The R>0 and p<0.05 represent the
statistically significant positive relationship between EVI2B and immune markers.

the immunocytes are regarded as a double-edged sword [22].
On one hand, the immunocytes can promote tumorigenesis.
For instance, specific immunocytes, such as tumor-
associated macrophages, engage in angiogenesis, invasion,
and metastasis. Moreover, immune cell-mediated inflam-
mation is an important tumor-promoting factor when
several non-mutagenic factors are involved, such as in LUAD
cases driven by asbestos or silica particles [23].

On the other hand, some immune cell types, such as T
cytotoxic cells and T helper (Th) cells, were associated with
longer-lasting patients’ survival in melanoma, colon can-
cer, and pancreatic cancer [24-26]. Our results showed that
an upregulated EVI2B’s expression correlated with tumor

progression heterogeneity in LGG, LUAD, and SKCM.
However, distinct mechanisms of the EVI2B-mediated
signaling pathways contribute to divergent immune
responses in different types of cancer. Our results suggest
that an elevated EVI2B’s expression is associated with
longer survival rates in LUAD and SKCM, but with a poorer
prognosis in LGG. Notably, the expression levels of most
immunological markers of CD8" T cells, Tregs, Th1, and Tfh
cells showed a strong positive relationship with EVI2B’s
expression in LUAD and SKCM but not in LGG. These find-
ings revealed that EVI2B promoted a more intense infil-
tration of CD8" T cells in LUAD and SKCM than in LGG.
Conversely, EVI2B promoted more CD4" T cells and
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Figure 9: EVI2B protein knock-down validation in U937 and JURKAT immune cell lines and its effects on the mRNA expression of genes related to
JAK-STAT, TNF-q, and IFN-y signaling pathways. (A) Western immunoblotting for EVI2B protein levels in the silenced U937 and Jurkat cell lines, respectively.
(B) RT-PCR analysis of the tumor-infiltrating immunocytes-related pathways. The significance was evaluated via t-test. p<0.05: *, p<0.01: **, p < 0.005: ***.

macrophage infiltration in LGG than in the other two
malignancies (Figure 104).

Since Th cells constitute a significant group of the
CD4" T cells, and because Th cells can be classified into Th1 and
Th2 cells, we investigated the tumor-infiltrating Th cell sub-
types. In LUAD and SKCM, a positive correlation existed be-
tween an increased Th1 cell infiltration and EVI2B expression,
while the infiltration of Th2 cells was more evident in LGG. As
the immune system functions, in most cases a higher level of
CD8" T cell infiltration associates with an increased survival
rate. In contrast, a high level of macrophages infiltration is
coupled with poorer clinical outcomes [27]. Various studies
have proven that Th1 function as antitumor cells while Th2 act
as tumor promoting cells [28]. Our findings suggest that an
increased EVI2B’s expression modulated patients’ prognosis
not only by differently influencing cell proliferation according
to the specific tumor type but also through divergently regu-
lating the specific tumor-infiltrating immunocytes. The inte-
gration of these two EVI2B mechanisms of action helped
advance the survival of LUAD and SKCM patients while accel-
erating the demise of LGG’s patients (Figure 10A).

Furthermore, we investigated the molecular mecha-
nisms by which EVI2B impacts tumor-infiltrating

immunocytes. We grouped the LUAD, LGG, and SKCM pa-
tients based on the EVI2B’s expression levels and analyzed
the DEGs of the high- and low- EVI2B-expression groups.
Notably, the activation of JAK-STAT pathway occurred in all
three types of cancers. The JAK-STAT pathway is a critical
axis in tumor immunology [29]. The extracellular
Interleukins (ILs) and interferons (IFNs) can activate the
JAK-STAT kinase system and the downstream NF-kB pathway
and other transcriptional processes [30]. The STAT family en-
compasses seven members, i.e. STATs 1-4, 54, 5B, and 6 [31].
When this signaling pathway is activated, the STAT proteins
play an oncogenic or antioncogenic role depending upon the
upstream signaling molecules and the targeted tumor-
infiltrating immune cell types. In this study, we saw the upre-
gulation of STAT5 in all three types of cancers examined,
i.e.,, LUAD, SKCM, and LGG. In a tumor microenvironment, an
activated STATS in NK cells would promote IFN-y’s secretion
and play an antioncogenic role [32]. In Th cells and Treg cells,
activated STAT5 would drive the production of ILs playing
oncogenic roles [33]. On this basis, we posit that the different
effects elicited by STAT5 underlie the shorter survival of LGG
patients compared to that of LUAD and SKCM. Our view is
strengthened by the observed upregulation of the
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Figure 10: Cellular mechanism and molecular interaction of EVI2B in cancer progression. (A) The Janus-faced regulation mechanism of EVI2B in different
types of cancers. EVI2B inhibits the cell proliferation in various types of cancer cells including SKCM, LUAD and LGG. In SKCM and LUAD, the heightened
EVI2B expression activates the anti-cancer immune cells (CD8" T cells and Th1 cells) to inhibit the cancer progression. On the contrary, in LGG, the high
EVI2B level triggers strong pro-cancer immune cell response and diminishes the anti-cancer cell response of CD8" T. (B) EVI2B acts as a janus-faced
oncogene/antioncogene by differently activating the downstream target genes. In SKCM and LUAD, EVI2B activates STAT4 and Th1 cells acted as an
antioncogene. Conversely, in LGG, EVI2B activates STAT6 and Th2 cells acted as an oncogene.

proinflammatory and antioncogenic IFN-y that occurred only  EVI2B’s high expression. The direct, whether pro-oncogenic or
in LUAD and SKCM. Conversely, IFN-y was downregulated in  antioncogenic, the effect of EVI2B on LGG cells remains to be
LGG with pro-oncogenic consequences concurring with determined.
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Besides, STAT5 and STAT6 are the biomarkers of the Th2
cell, which is a type of tumor promoting CD4" immune cell
[34]. Notably, IL-4 drives native CD4" cells to highly express
STAT6 and GATA3 and next to differentiate into Th2 cells.
When activated by STAT5 and STAT6, Th2 cells start a self-
activating positive feedback cycle entailing further IL-4
secretion. Concurrently, pro-oncogenic Th2 cells can sup-
press antioncogenic Th1 cells [35-37]. Consistently, our re-
sults showed that Th2 cell numbers were significantly lower
in LGG than in LUAD and SKCM (Figure 10B).

In summary, in LGG EVI2B’s expression promoted the
infiltration of pro-oncogenic Th2 cells while suppressing
that of the anti-oncogenic Thl cells. Conversely, EVI2B’s
expression advanced the antitumor Th1 cells’ infiltration in
both SKCM and LUAD. Besides, EVI2B could upregulate
STAT4, which is critical in promoting the infiltration of in
most antitumor immunocytes, such as Th1 cells, NK cells,
and CD8" T cells [38]. A main factor underlying the two
different prognoses of the types of cancer examined could
be that EVI2B activated STAT4 in SKCM and LUAD but did
not do it in LGG.

EVI2B’s inhibitory effect on cell proliferation in various
cancer cell lines implies that the eventual prognostic regu-
lation of EVI2B is due to the integration of its intracellular
and extracellular effects.

Altered DNA methylation patterns are a typical feature
of oncogenesis as the fast-proliferating neoplastic cells
require a more dynamic transcriptional activity. Hence,
their genome has low levels of methylation [39]. Consistent
with this, an increased EVI2B’s expression was associated
with genomic demethylation in LGG, while the opposite
occurred in SKCM and LUAD. Leaving aside variations in
global DNA methylation levels, we found that the expres-
sion of JAK-STAT pathway’s genes diverged according to
their methylation. STAT6 was demethylated when EVIZB
was highly expressed in LGG. This could have driven
STAT6’s strong upregulation in LGG, which did not occur in
SKCM and LUAD. To date, only few studies have investi-
gated the molecular pathways EVI2B affects in oncogenesis.
Even though our data linked heightened EVI2B expression
levels with a decreased genomic methylation in LGG, the
clarification of the detailed molecular mechanism(s)
through which EVI2B regulated this process in different
cancerous growths remains the target of further studies.

Conclusions

Altogether, the present study’s prognostic, transcriptomic,
and methylomic data offer comprehensive evidence that
EVI2B is a double-faced oncogene/antioncogene affecting

DE GRUYTER

both directly via neoplastic cells growth and indirectly via
the specific induction of pro- or anti-tumor-infiltrating
immunocytes-neoplastic cells growth rates according to
tumor-specific patterns. These findings warrant further
in-depth studies on EVI2B’s intracellular and extracellular
effects on a broader range of human tumors.
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