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Abstract

Received: 17 September 2022
Revised: 9 November 2022
Accepted: 1 December 2022

Objective  This study aims to gain further the potential mechanisms of HIF-2a in tumor progression and
tumorigenesis.

Methods Mined The Cancer Genome Atlas (TCGA) dataset. In total, 421 participants were enrolled in the
TCGAHepatocellular Carcinoma (HCC) study, comprising 371 patients with cancer and 50 healthy controls.
From the 371 tumor samples, three samples containing the missense mutation of the HIF-2a gene were
compared with 368 wild-type samples to identify differentially expressed genes (DEGs).

Results After filtering, univariate Cox regression and multivariate Cox regression analyses showed that
the differentially expressed genes (DEGs) progestagen-associated endometrial protein (PAEP) PNLIPRP2,
MIR147B, and pregnancy zone protein (PZP) were significantly correlated with the survival times of patients
with HCC. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were
performed using the Database for Annotation, Visualization, and Integrated Discovery (DAVID) v6.8
database to detect the functional annotation of these four DEGs as well as hub genes obtained from protein-
protein interaction (PPI) network analysis using the STRING v10 database. Our analysis focused on the
PAEP and PZP genes, whose protein expressions were downregulated in samples with HIF-2a missense
mutation. The hub genes of PAEP and PZP were identified using PPI network analysis. Subsequent Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway analysis revealed that PAEP and its hub genes
were highly enriched in the TGF-B pathway, which is consistent with the analysis of PZP.

Conclusion  Our study proved that the missense mutation of HIF-2a induces the upregulation of PAEP,
which is positively related to the poor prognosis of patients with HCC, as it may upregulate the TGF-
pathway. In contrast, PZP downregulation showed the opposite phenomenon, as it may downregulate the
TGF-B pathway.

Key words:  HIF-2a; TGF- pathway; ECM; PZP; PAEP; Hypoxia

P« Correspondence to: Ganxin Wang. Email: Medicine_wgx@163.com
Zaozao Huang. Email: huangzaozao1986@163.com
© 2022 Huazhong University of Science and Technology
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Hepatocellular carcinoma (HCC) is the fifth most
common malignancy in the world. With nearly 500,000
people dying from liver cancer each year, HCC is the third
leading cause of cancer-related death !!. This disease is
frequently diagnosed at an advanced stage, when medical
and surgical treatments are no longer available. HIF-2«
was initially identified as the endothelial PAS domain
protein (EPAS1),an endothelium-specific HIF-1aisoform.
Thus, HIF-2a was considered to have a more specialized
function than HIF-1o, and it also interacts with HIF-1a
to execute various biological processes. HIF-2a has been
shown to regulate enzymes in the glycolytic pathway in
the absence of HIF-1a 2. HIF-1a and HIF-2« also have
common target genes, such as vascular endothelial growth
factor A and glucose transporter 1, but the transcriptional
activities of HIF-1oa and HIF-2a differ in gene regulation
B3], Increased expression of HIF-2a has been observed in
lung, breast, colorectal, and gastric cancers and has been
associated with poor prognosis in many cases, except for
liver cancer and acute myeloid leukemia *. Because of
the observed opposing HIF-2a expression patterns and
their correlation with HCC, special attention has been
focused on the relationship between HIF-2a expression
and HCCP. It has been found that the expression of HIF-
2a can be lower or higher in HCC tissues, and HIF-2«
expression is associated with a better or worse prognosis
for HCC. It has been reported that there were HIF-2«
mutations in patients with gangliocytic paraganglioma
(GP). The mutated HIF-2a protein attenuated binding
to the von Hippel-Lindau (VHL) protein, enhancing
HIF-2a stabilization and activation, which consequently
upregulate the HIF-2a downstream genes, contributing
to the pathogenesis of cancer [©.

Methods

Gene expression and clinical data in The
Cancer Genome Atlas database

Tissues from patients with HCC and adjacent normal
tissues were obtained from RNA-seq gene expression
version 2 (RNASeqV2) level 3 data (Illumina HiSeq
platform) in The Cancer Genome Atlas (TCGA) database.
All alteration data for missense mutations used in this
study were obtained from the cBioPortal for Cancer
Genomics (www.cBioPortal.org). Similar expression
patterns of target genes were downloaded from the
Gene Expression Profiling Interactive Analysis (GEPIA)
database.

Functional annotation and protein-protein
interaction network analysis

The online database STRING 10.5 (https://string-db.
org/) was used to analyze protein interactions. Protein-
protein interaction (PPI) network analysis was performed

http://otm.tjh.com.cn

to identify the hub genes, pregnancy zone protein
(PZP) and progestagen-associated endometrial protein
(PAEP), which were enriched in the targeting pathway.
Functional annotation of PAEP, PZP, and their hub
genes was performed using the web tool of the updated
version of the Database for Annotation, Visualization,
and Integrated Discovery (DAVID) version v6.8.

Identification of NRF2-binding sites
by in silico analysis

To identify the HIF-2a binding sites within the
promoter regions of the putatively HIF-2a regulated
genes, we used the transcription factor-binding site
finding tool LASAGNA-Search 2.0, with cutoff values of
P < 0.01. The search was limited to the 0-5 kb upstream
promoter region relative to the transcription start site.

Gene set enrichment analysis

To further understand the association between the
expression level of HIF-2« and biological processes, we
performed gene set enrichment analysis (GSEA v2.2;
http://www.broad.mit.edu/gsea/). All patients with
HCC in the TCGA cohort were divided into two groups
based on the median expression value of HIF-2«a, and
the respective HIF-2a expression level was used as the
phenotype label. The thresholds for significance were
determined by permutation analysis (1,000 permutations),
and the false discovery rate (FDR) was calculated. A gene
set was considered to be significantly enriched when the
FDR score was < 0.25.

Results

Expression and biological functions of HIF-2a

Initially, HIF-2a was identified as the endothelial
PAS domain protein, an endothelium-specific HIF-1a
isoform. Therefore, it was considered to have a more
specialized function than HIF-la'%. However, HIF-2«
is also expressed in many other tissues, including the
brain, heart, lung, kidney, liver, pancreas, and intestine,
suggesting that it also has a widespread role in the
response to hypoxia "

Recent data show that both HIF-la and HIF-2a
participate in hypoxia-dependent gene regulation
through complex and sometimes antagonistic interactions
in some cell types, such as kidney cancer cells®. HIF-1a
preferentially induces the expression of genes encoding
glycolytic enzymes, such as phosphofructokinase &
and lactate dehydrogenase A [ 1. In contrast, HIF-
2a induces the expression of genes involved in tumor
invasion, including matrix metalloproteinases (MMPs) 2
and 13 and the stem cell factor OCT-3/4 2. However,
HIF-2a has also been shown to regulate enzymes in the
glycolytic pathway in the absence of HIF-1a, and HIF-1a
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is capable of activating some MMPs, suggesting that HIF-
la and HIF-2a play redundant roles. HIF-1ow and HIF-
2a also have common target genes, such as the vascular
endothelial growth factor A (VEGFA) 1314 and glucose
transporter 1), but the transcriptional activities of HIF-
la and HIF-2a are different in the regulation of these
genes 12,

HIF-2a plays a vital role in embryonic development
and is essential for catecholamine homeostasis '® as
well as neural '”! and hematopoietic development /%,
Knockout of HIF-2a in embryos causes developmental
defects in several organs, including the retina, heart,
lungs, liver, bone marrow, and muscle ['”. Recently, Lin
et al. demonstrated that HIF-2«, but not HIF-1q, plays
an important role in the embryonic development of
hepatic outgrowth in zebrafish by directly controlling the
expression of the legl gene 2.

The correlation between HIF-2a and cancer

Increased HIF-2a expression has been observed in
lung cancer 224, breast cancer 2, colorectal cancer ),
gastric cancer %), pancreatic cancer 31, liver cancer
[32-%] prostate cancer ¢, ovarian cancer 7, head and
neck cancer %83, ¢ccRCC cancer %, oral squamous cell
carcinoma !, and acute myeloid leukemia (AML) “ and
has been associated with different prognoses (Table 1).
Special attention has been focused on the relationship
between HIF-2a expression and HCC; opposite HIF-2a
expression patterns and correlations have been observed
in HCC 8234, Tt has been found that the expression of
HIF-2a is lower or higher in HCC tissues and is associated
with a better or worse prognosis in HCC 3234,

A direct comparison of the functions of HIF-la
and HIF-2a in a KRAS-driven mouse model of lung
tumorigenesis showed that HIF-la deletion had a
surprisingly little effect on tumor burden and progression,
whereas the loss of HIF-2a increased tumor growth and
progression*?. The latter effect is correlated with HIF-2«
driven expression of Scgb3al, which encodes the putative
tumor suppressor secret globin 3A1 3. Surprisingly,
overexpression of a stabilized HIF-2a protein in the
KRAS lung tumor mouse model also promotes tumor
angiogenesis and invasion by increasing the expression of
VEGFA and SNAIL 4,

The complex role of HIF-2« is also reflected at the
cellular level. It has been reported that HIF-2« inhibits
the growth of glioblastoma, SW480 colon cancer, liver
cancer, and non-small cell lung cancer (NSCLC) cells
but enhances the proliferation of other types of cancer
cells, including gastric cancer, breast cancer, and
Renalcellcarcinoma (RCC) cells % %4, Taken together,
these findings prove that HIFs have dual and even
opposite effects on tumor growth, which warrants careful
consideration when using HIF inhibitors as cancer
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therapeutic agents.

The expression of HIF-2a is correlated
with different cancer prognoses

To identify the relationship between the expression
level of HIF-2« and various types of cancer, we mined
data from TCGA. TCGA analysis revealed that the HIF-
20 expression level in normal tissue was higher than that
in tumor tissue in breast invasive carcinoma, prostate
adenocarcinoma, ovarian serous cystadenocarcinoma,
AML, lung adenocarcinoma, and lung squamous cell HCC
(LUSC). We then determined whether HIF-2a expression
level correlated with overall survival (OS) in cancer (Fig.
la). We analyzed the data downloaded from TCGA using
the R package version 3.4.3. The Kaplan-Meier curve
revealed that patients with lower HIF-2a expression
levels exhibited longer OS in HCC, which was consistent
with the results for kidney renal clear cell HCC (KIRC)
(Fig. 1b).

Identification of the expression of the different
genes associated with HIF-2a in HCC

Our investigation revealed missense mutations in
patients with HCC. To elucidate the mechanism of HIF-
20 in HCC, we divided the 377 patients into two groups,
which comprised three missense mutation samples or
368 wild-type samples, using the online analysis tool
cBioPortal (www.cBioPortal.org) (Fig. 1c). Using the
R-package “edgeR” for the identification of differentially
expressed genes (DEGs) with RNA-seq expression profiles,
we found 68 genes that were all downregulated (Fig. 1d).
After filtering with [logFC| >2 and P < 0.05, we identified
40 DEGs between missense mutation and wild-type
samples (Fig. 3). We also identified the DGEs between
the 50 normal and 370 tumor tissues with the R-package
“edgeR,” the result of which revealed that there were
5,887 DEGs between the two groups. Using the Venny 2.1
tool, we obtained 19 overlapping downregulated genes by
integrating the two datasets (Fig. 1e).

A risk score of four genes as an indicator
for patients with HCC

Univariate Cox regression analyses were used to filter
the identified 19 DEGs and selected genes with values of
P <0.05. The genes PAEP, PNLIPRP2 (pancreatic lipase-
related protein 2), MIR147B (microRNA 147b), and PZP
were significantly correlated with the survival time of
patients with HCC. These four genes were selected for
multivariate Cox regression analyses, which revealed that
PAEP, PNLIPRP2, and MIR147B were highly expressed
in the high-score group, and PZP was highly expressed in
the low-score group (Fig. 2a). The coefficients of the four-
gene signature are displayed in Table 2. Patients with
high scores had significantly worse survival times than



270 http://otm.tjh.com.cn
a
12 = =
A T T L.
6L i = E;a * = ki 5 + i + . __ * +
Lot bt b TT AT P e e R
M ¥ 3
0 el i — 1 = 1 1 - 1 I - l 1 I h ‘ 1 I - | -
BRCA COAD HNSC KIRC LUAD LUSC
(num (T) =1065; (num (T) =275; (num (T)=519; (num (T)=523; (num (T) =492; (num (T) 408;  (num (T) 426; (num (T)=369; (num (T) 163; (num (T)=173; (num (T)=483; (num (T) = 486;
num (N)=291)  num (N)=349) num (N)=44) num(N)=100) num(N)=152) num(N)=211) num(N)=88) num (N)=160) num(N)=207) num(N)=70) num (N)=347) num (N)=338)
b Surival curve (P = 0.00365) Surival curve (P = 8e—-05)
1.0 HIF2a high expression 1.0R ) HIF2a high expression
§{\ S HIF2a low expression \\ N HIF2a low expression
- has 0.8 L T
0.8 \ e \ \
2 A L ~
Sosl . S 06 \ -
E T T E pa
3 04r T So04f ~—
([
0.2f 0.2F
0.0t 1 1 0.0t 1 1 1 I 1 1
0 2 4 6 8 10 0 2 4 6 8 10 12
Time (year) Time (year)
EPAS1
25
o
s
0
* PAS PAS 11 ]
0 200 400 600 800 870aa
d Volcano €
10
Altered vs tumour Normal vs tomour
5
£ o
8 19
(0.3%)
-5
10},
0 10 20 30 40
—log10 (FDR)
Fig.1 The expression of HIF-2a correlated with different cancer prognosis and identification of the expression of the different genes associated with

HIF-2a in HCC. (a) The gene expression of HIF-2a in normal tissue (green) compared with the tumor tissue (red); (b) KM overall survival curve in HCC
and KIRC were according to the median value of the expression of HIF-2a; (c) cBioprotal-predicted mutation maps (lollipop plots) showing the mutation
position of HIF-2a; (d) The upregulated genes in the missense mutation group exhibited in the volcano plot; () Nineteen overlapping upregulated genes

were obtained by integrating the two datasets by utilizing the Venny 2.1 tool

those with low scores (Fig. 2b). Furthermore, these four
genes exhibited superior capacity in predicting the 5-year
survival rate, with an AUC value of 0.677 (Fig. 2c). Taken
together, the score model of these four genes might serve
as a significant predictive factor for prognosis in patients
with HCC.

HIF-2a regulates the expression of putative
oncogenes PAEP and PZP at the transcriptional
level

To verify whether the transcription factor HIF-2«
affects the gene expression of the four DEGs, we used
LASAGNA-Search 2.0. The results revealed that HIF-2«
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PZP, along with its hub genes; (d) KEGG analysis for PZP and its hub genes; (e) Protein-protein interaction analysis for PZP and its hub genes

directlybindstothepromoterregionsof PAEPand PZP (Fig.
4d-e), which implies that HIF-2o affects the expression of
PAEP and PZP by regulating their transcriptional levels.
We then analyzed the functional annotation of PZP and
the 10 hub genes from KEGG, GO pathway prediction
analysis, and PPI analysis. The latter revealed that 10 hub
genes were correlated with PZP (Fig. 3e). These genes
are associated with 28 significant biological processes:
negative regulation of cellular protein metabolic process,
negative regulation of proteolysis, negative regulation of
immune effector process, negative regulation of immune
response, regulation of extracellular matrix organization,
negative regulation of hydrolase activity, regulation
of immunoglobulin-mediated immune response,
negative regulation of macrophage cytokine production,
negative regulation of complement activation, classical
pathway, negative regulation of plasminogen activation,
negative regulation of endopeptidase activity, SMAD
protein import into the nucleus, negative regulation of
fibrinolysis, platelet degranulation, protein import into
the nucleus, protein targeting the nucleus, negative
regulation of response to stimulus, pathway-restricted

SMAD protein phosphorylation, regulation of catalytic
activity, and regulation of response to stress (Fig. 3a). The
TGF-B and Hippo signaling pathways were significantly
enriched (P < 0.05) in the KEGG pathway analysis (Fig.
3d). By analyzing the PAEP using the same method, we
found that PAEP, along with the 10 hub genes, highly
enriched 13 significant biological processes: BMP
signaling pathway, cellular response to BMP stimulus,
response to endogenous stimulus, positive regulation of
pathway-restricted SMAD protein phosphorylation, and
response to organic substances (Fig. 4b—c), the TGF-f and
Hippo signaling pathways were significantly enriched (P
< 0.01) in the KEGG pathway analysis (Fig. 4a).

Discussion

At the transcriptional level, HIF-2a is a transcription
factor that regulates the expression of other proteins.
HIF-2a also interacts with proteins to execute different
functions, which affects the progress and prognosis of
various types of cancer. We have summarized that there
are conflicting results in HCC xenograft tumor models.



Oncol Transl Med, December 2022, Vol. 8, No. 6

He et al. found that downregulation of HIF-2« inhibits
the growth of HCC tumors ¥”, and Sun et al. discovered
that HIF-2a suppression does not affect HCC tumor
growth, whereas HIF-2a overexpression reduces tumor
growth . GSEA revealed that HIF-2a was positively
correlated with the TGF-f signaling pathway and ECM
receptor interaction in patients with HCC. To further
verify the mechanism of HIF-2a in HCC, we used the
TCGA dataset to determine differences in the expression
of DEGs between a missense mutation group and the
corresponding wild-type group using cBioPortal (www.
cBioPortal.org). We identified 19 overlapping upregulated
genes by integrating the two datasets. Univariate and
multivariate Cox regression analyses indicated that
PAEP, PNLIPRP2, MIR147B, and PZP could predict
the 5-year survival rate in patients with HCC. We used
GEPIA to identify 100 genes with expression patterns
similar to those of the four DEGs. After performing GO
and KEGG pathway analyses with DAVID and STRING,
we focused on biological processes, molecular functions,
cellular components, and the pathways of PAEP and PZP
in normal and tumor cells.

PAEP isa conflicting gene that affects the progression of
varioustypesofcancer. Overexpression of PAEP stimulates
cell migration in human endometrial adenocarcinomas,
and vascular endothelial growth factor mediates PAEP to
facilitate neovascularization by increasing the migration
and tube formation of human umbilical vein endothelial
cells during embryogenesis and tumor development 8,
However, the overexpression of PAEP is correlated with
differentiated epithelia and induces cell differentiation,
which reduces the malignancy of cancer cells. Patients
with high PAEP expression have worse survival times,
which indicates that PAEP acts as a tumor gene in HCC.
GO and KEGG pathway analyses, as well as PPI network
analysis, revealed that PAEP interacts with 10 hub genes
to increase the malignant characteristics of HCC cells
and mediates the poor prognosis of patients with HCC
by activating the TGF-f pathway. Taken together, the
missense mutation of HIF2-a upregulated the expression
of PAEP, which led to a worse prognosis in HCC.

The encoded protein of PZP is highly expressed in
the late-pregnancy serum. It has been reported that the
expression of PZP increases in the serum of individuals
who later develop Alzheimer’s disease (AD) *°.. In our
study, we confirmed that the expression of PZP increased
in HIF-2a missense-mutated samples compared with
wild-type samples. Univariate Cox regression analyses
revealed that PZP functions as a protective factor in
HCC. Taken together, the missense mutation of HIF-
2a upregulated PZP expression, which led to a better
prognosis in HCC.

Taken together, we hypothesized that the missense
mutation HIF-2a enhances the stabilization and
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activation of HIF-2«, which consequently upregulates the
HIF-2a downstream genes PAEP and PZP, contributing
to the conflicting roles of HIF-2a in HCC. HIF-2« is an
endothelium-specific HIF-1a isoform with conflicting
roles in various types of cancer. The mechanism of HIF-
2a in tumor pathogenesis has not yet been elucidated,
and further insight into the role of HIF-2« in cancer is
required.
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Objective  To establish a prognostic risk model for uterine corpus endometrial carcinoma (UCEC) based
on alternative splicing (AS) event data from The Cancer Genome Atlas (TCGA) and assess the accuracy
of the model.

Methods TCGA and SpliceSeq databases were used to acquire a summary of AS events and clinical
data related to UCEC. Bioinformatic analysis was performed to identify differentially expressed AS
events in UCEC. Least absolute shrinkage and selection operator (LASSO) regression and multivariate
Cox regression analyses were used for constructing a prognostic risk model. Next, using the receiver
operating characteristic (ROC) curve, Kaplan-Meier survival analysis, and independent prognostic analysis,
we assessed the accuracy of the model. In addition, a splicing network was established based on the
association between potential splicing factors and AS events.

Results We downloaded clinical data and AS events of 527 UCEC cases from TCGA and SpliceSeq
databases, respectively. We obtained 18,779 survival-associated AS events in UCEC using univariate Cox
regression analysis and 487 AS events using LASSO regression analysis. Multivariate Cox regression
analysis established a prognostic risk model for UCEC based on the percentage splicing value of 13 AS
events. Independent prognostic effect on UCEC risk was then assessed using multivariate and univariate
Cox regression analyses (P < 0.001). The area under the curve was 0.827. The pathological stage and risk
score were independent prognostic factors for UCEC. Herein, we established a regulatory network between
alternative endometrial cancer-related splicing events and splicing factors.

Conclusion We constructed a prognostic model of UCEC based on 13 AS events by analyzing datasets
from TCGA and SpliceSeq databases with medium accuracy. The pathological stage and risk score were
independent prognostic factors in the prognostic risk model.

Key words: TCGA; SpliceSeq; uterine corpus endometrial carcinoma; alternative splicing event;
prognostic model

Uterine corpus endometrial carcinoma (UCEC) is a
major malignancy affecting the female reproductive
system. UCEC is the second most common cancer of the
genital system in China . Given the aging population in
China, the incidence and mortality of endometrial cancer
are gradually increasing. However, the 5-year survival rate
of recurrent/metastatic endometrial cancer is currently
10%—-20% 2. The Cancer Genome Atlas research project
(TCGA) aims to classify endometrial cancer into four

subtypes by applying high-throughput genome analysis
technology and comprehensive analysis: polymerase
epsilon (POLE) ultramutated, microsatellite unstable,
copy number low/microsatellite stable, and copy number
high/’serous-like’ ). The World Health Organization
classification of female genital tumors in 2020 refers to
the ProMisE molecular classification. The main obstacle
to the application of this method is the need for diverse
high-tech cooperation, which is difficult to implement
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and popularize in clinical settings *.. Therefore, there is
an urgent need to identify novel biomarkers to predict
the prognosis of endometrial cancer and guide precise
treatment.

Alternative splicing (AS) refers to the organization
of exons from original gene transcripts (pre-mRNAs) in
different ways to generate structurally and functionally
distinct mRNA and protein variants. The concept of
AS was first derived from the “split gene” discovered
by Philip Sharp and Richard Roberts in 1977 . AS
and its regulation are crucial for exploring cancer.
Simultaneously, the regulation of AS constitutes a
hallmark of cancer . More than 8,000 tumor samples
from 32 different types of cancers analyzed by Kahles
et al. revealed that there exist thousands of AS variants
when compared with non-malignant tissues ”. These
splicing variants may provide cancer-specific markers and
new antigens, which are potentially critical for cancer
treatment. With the development of genome sequencing,
growing evidence suggests that AS events are crucial
for the prognosis of multiple malignancies ®. Herein,
we constructed a prognostic risk model of endometrial
cancer by integrating the AS data in the TCGA SpliceSeq
database and clinical data from the TCGA database and
verified its efficacy.

Materials and methods

Data collection of alternative splicing events
and data processing

We downloaded the transcript profiles (https://portal.
gdc.cancer.gov/) from the TCGA data portal of the UCEC
cohort on August 22, 2021. In addition, we collected AS
event data from TCGA SpliceSeq (https://bioinformatics.
mdanderson.org/TCGASpliceSeq/). The  percentage
splicing (PSI) value, typically used to quantify AS events,
was calculated for each AS event. AS events included 35
non-tumor samples and 527 UCEC samples, and mRNA
sequencing profiles included 23 non-tumor samples and
552 UCEC samples. Additionally, we downloaded the
complete clinical data of 548 UCEC samples (including
sex, age, survival status, and overall survival time), as
shown in Table 1.

Screening for prognostic AS events of UCEC
There are seven types of AS events: mutually exclusive
exons (MEs), alternate donor sites (ADs), retained introns
(RIs), alternate acceptor sites (AAs), alternate promoters
(APs), alternate terminators (ATs), and exon skipping (ES).
In total, 28,281 AS events in patients with endometrial
cancer are shown in the UpSet plots. The most frequent
types of AS events were AT, ES, AT& ES, AP, and ES & AP
events (Fig. 1a). The PSI values of AS events in patients
with endometrial cancer were supplemented by the Knn
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Table 1 Clinical characteristics of uterine corpus endometrial carcinoma
Clinical characteristics Patients
n %

Age (years)

<60 181 33

> 60 364 66.4

Unknow 3 0.6
Grade

G1 99 18.1

G2 122 22.3

G3 316 57.7

High grade 1 19
Survival status

Alive 467 85.2

Dead 81 14.8
Survival time (months)

<90 42 7.7

=90 505 92.1
Unknown 1 0.2

function in the R language impute package, subsequently
combined with the survival time and survival status of
patients. Univariate Cox regression analysis was used to
screen for prognostic AS events in endometrial cancer.
The screening threshold was set to P < 0.05, and the
prognostic AS events are shown in UpSet (Fig. 1b),
Volcano (Fig. 2a), and Bubble (Fig. 2b—2h).

Establishment of the prognostic model related
to AS events of UCEC

Least absolute shrinkage and selection operator
(LASSO) regression analysis was used to screen survival-
associated AS events of endometrial cancer to construct a
prognostic model that prevents overfitting of the model
and improves accuracy. Next, the risk score of each
UCEC was calculated and divided into high- or low-risk
groups based on the median risk score. Subsequently, the
screened AS events were analyzed using multivariate Cox
regression analysis to construct a prognostic risk model
for UCEC. The formula was as follows: Risk score = Bgene1
X €XPyenel + Pgenc2 X EXPryene2 +°**+ Pyenen X EXPryenen. A P <
0. 05 was considered statistically significant, and the PSI
value of AS was indicated by Exprenen.

Evaluation of prognostic models

To assess the predictive ability of this prognostic
model, receiver operating characteristic (ROC) curves and
Kaplan—-Meier curve survival analysis were performed.
In addition, heatmaps, risk scores, and scatter plots of
survival-associated AS events were plotted according to
the ranking of risk scores. The clinical characteristics of
UCEC were analyzed using univariate and multivariate
Cox regression analyses (P < 0.05).
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Fig. 1 The UpSet plot shows the distribution of seven types of prognostic AS events in uterine corpus endometrial carcinoma. (a) The distributions of
seven different types of AS-related genes in uterine corpus endometrial carcinoma; (b) Distribution of seven AS events that significantly correlate with
overall survival. AS, alternative splicing; ME, mutually exclusive exons; AD, alternate donor site; RI, retained intron; AA, alternate acceptor; AP, alternate
promoter; AT, alternate terminator; ES, exon skipping
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Fig. 2 Prognostic AS events in uterine corpus endometrial carcinoma. (a) Volcano plots of prognostic AS events; (b-h) Forest plots: hazard ratios of
the top 20 overall survival-associated AA, AD, AT, ES, ME, RI and AP events. P values are indicated by the color scale on the right side. AA, alternate
acceptor; AD, alternate donor site; AP, alternate promoter; AS, alternative splicing; AT, alternate terminator; ES, exon skipping; ME, mutually exclusive

exons; R, retained intron

Construction of splicing regulatory network

To better explore the biological processes and pathways
of AS-related genes, Cytoscape (version 3.7.2) was used to
construct and visualize the regulatory network between
survival-related AS events and splicing factors (SFs).

Statistical analysis

Statistical analyses were performed using R version
4.1.1 (R packages: UpSetR, BiocManager, Survival, ggplot,
ggplot2, glmnet, Survminer, Survival ROC, estimate,
Vioplot, pheatmap, and forestplot). For all analyses, a
two-tailed P < 0.05 was deemed statistically significant.

Results

Overview of prognostic AS events in UCEC

A total of 2630 prognostic AS events of endometrial
cancer were screened using univariate Cox regression
analysis (P< 0.05), among which ES, AT, AP, AA, and AD
events exhibited a higher frequency (Fig. 1b). In addition,
prognostic AS events are shown in volcano plots, with the
red dots representing prognostic AS (Fig. 2a). Seven types
of AS events were most prominently displayed in the
forest plots (Fig. 2b—2h). These are indicated by the gene-
AS number-AS event type. The size of dots indicates -
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log10 (P value) using univariate Cox regression analysis,
and the color of dots indicates the Pvalue (Fig. 1d).

Establishment of a prognostic prediction
model for UCEC

On reducing the number of AS events to 18, as
indicated by the LASSO regression analysis, the lambda
error value of the prognostic model had the minimum
error and highest accuracy (Fig. 3a). The coefficients
of each PSI value were calculated using the LASSO
regression analysis (Table 2).

Evaluation of the prognostic model of UCEC

The overall survival time of the low-risk group was
remarkably longer than that of the high-risk group, as
determined using the Kaplan-Meier curve analysis (P =
2.148E-11, Fig. 3d). The area under the ROC curve for
this score was 0.827 (Fig. 3c). The heatmap, risk score, and
scatter plots of prognostic AS events in UCEC indicated
that the higher the risk score, the shorter the survival
time and greater the number of deaths (Fig. 4a—4c).

http://otm.tjh.com.cn

According to the results of the heatmap, the frequency
of 13 AS events, including MAST1|47879|AT, increased
the risk score, indicating that all 13 AS events were high-
risk AS events (Fig. 4a). Univariate and multivariate Cox
regression analyses revealed that the risk score of the
prognostic model could be used as a prognostic biomarker
(P<0.001) (Table 3). Tumor grade could be employed as
an independent prognostic factor (Table 3).

Network analysis of prognostic AS and SFs

To elucidate the potential mechanism of AS regulation,
we constructed a correlation network between the
expression level of SFs and the PSI value of prognostic AS
events. Two high-risk AS events (red ellipse), four low-
risk AS events (green ellipse), and six SFs were identified
(purple triangle) (Fig. 5). In our regulatory network, the
first four most important nodes were termed central
SFs or AS events, including two downregulated AS
events (HNRNPA1-22149-ES and TIMM13-46608-AD).
Therefore, these key AS factors are involved in the
dysregulation of AS in endometrial cancer and further
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Fig. 3 Confirmation of 13 survival-associated AS event-based prognostic signatures. (a) LASSO coefficient profiles of all AS events; (b) Ten-time
cross-validation for tuning parameter selection in the LASSO regression; (c) ROC analysis of risk scores for overall survival prediction. The AUC was
calculated for ROC curves, and sensitivity and specificity were calculated to assess score performance; (d) Kaplan-Meier curve of the risk score model
based on the characteristic 13 AS events. AS, alternative splicing; AUC, area under the curve; ROC, receiver operating characteristic
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Table 2  Survival-associated AS events in uterine corpus endometrial carcinoma identified by multivariate Cox regression analysis

Survival-associated AS events Coef HR (95%Cl) P value
MAST1|47879|AT -1.875 0.0153 (0.051-0.464) 0.001
CCZ1B|78768|ES -21.536 4.43E-10 (2.06E-16-0.001) 0.004
ZNF706(84749|ES 3.660 38.869 (1.155-1307.78) 0.041
MAGED1|89145|AP 2.138 8.483 (0.527-136.567) 0.132
ECD|12132|ES -15.883 1.27E-07 (1.02E-12-0.016) 0.008
NSUNS5|79934|AA -5.959 0.003 (0.000-0.061) <0.001
SULT1A3|94136]AP -1.460 0.232 (0.050-1.078) 0.062
ARHGEF11|8336]AP -4.486 0.011 (0.001-0.150) 0.001
CYB561|42921|AP 3.073 21.616 (3.505-133.292) 0.001
SCRIB|85500|ES 1.521 4.579 (0.770-27.235) 0.094
STK32C|13483|AP 4.028 56.151 (6.000-525.480) <0.001
NGFRAP1|89733|ES -7.963 0.0003 (2.31E-07-0.525) 0.033
FOLH1[15817|ES -5.876 0.003 (0.000-0.037) 8.05E-06
AS, alternative splicing; HR, hazard ratio; coef, coefficient
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Fig.4 a-c: Risk score, scatter plots, and heatmap of prognostic AS events in uterine corpus endometrial carcinoma. AS, alternative splicing

mediate cancer occurrence and development.

Discussion

As one of the most common malignant reproductive
tumors in females, UCEC has a high incidence
worldwide, and the prognosis of patients with advanced
disease remains poor ' 2. Given the complex molecular

mechanisms, such as genomic complexity and epigenetic
diversity, endometrial cancer is highly heterogeneous
from clinical and molecular perspectives. Moreover,
it can be challenging to implement and popularize the
prognostic risk model of endometrial cancer predicted
by ProMisE and TCGA, owing to technical reasons
(3. 4.9 Therefore, there is an urgent need to develop a
powerful tool for predicting the prognosis of endometrial
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Table 3 Univariate and multivariate Cox regression analyses of clinical characteristics in uterine corpus endometrial carcinoma

Univariate Cox regression

Multivariate Cox regression

Clinical characteristic

HR (95%Cl) P value HR (95%Cl) P value
Age 1.032 (1.008-1.056) 0.008 1.011 (0.987-1.036) 0.364
Grade 2.501 (1.602-3.904) 5.50E-05 2.557 (1.584-4.128) <0.001
Risk score 1.070 (1.057-1.083) 1.56E-27 1.071 (1.056-1.086) 3.35E-22

Cl, confidence interval; HR, hazard ratio

carcinoma and providing new insights for individualized
treatment strategies.

A growing body of research has provided strong
evidence indicating the role of AS (post-transcriptional
modification process) in the physiological and
pathological processes of malignant tumors®. Abnormal
AS events play an important role in the occurrence and
development of endometrial carcinoma % 11,

To identify prognostic AS events of UCEC, we
obtained 527 AS events of endometrial cancers from
TCGA SpliceSeq and clinical data from TCGA database.
LASSO Cox regression and univariate/multivariate Cox
regression were used for constructing a prognostic risk
model based on the 13 AS events. The 13 AS events were
MAST1|47879|AT, CCZ1B|78768|ES, ZNF706|84749|ES,
MAGED1|89145|AP, ECD|12132[ES, NSUN5|79934/AA
and SULT1A3|944. AP, SCRIB|85500|ES,
STK32C|13483|AP, NGFRAP1|89733|ES, and
FOLH1|15817|ES. Folic acid hydrolase-1 (FOLH1)
is a type II transmembrane protein expressed in the
lumen of the new vascular system in solid tumors.
FOLH1 is widely expressed in the neovascularization of
primary and metastatic Merkel cell carcinoma, and the
monoclonal antibody J591 can be used for brachytherapy
based on the FOLH1 monoclonal antibody in Merkel cell
carcinoma "%, The neurotransmitter N-acetylaspartyl
glutamate (NAAG) is a selective endogenous agonist
of the metabotropic glutamate receptor 3. Increasing
NAAG levels may improve cognition. Glutamate
carboxypeptidase II (GCP II) is encoded by the folate
hydrolase 1 (FOLHI) gene, which regulates synaptic
NAAG levels. Increasing the level of NAAG by inhibiting
FOLH1/GCPII could improve cognition ™. In the
present study, we found that low expression of FOLH1
was related to poor prognosis in endometrial carcinoma.
The B-module protein is a conserved regulator of cell
polarity. Originally identified as a tumor suppressor in
Drosophila melanogaster, the destruction of the Scrib
protein can lead to tumorigenesis in mammals and is
associated with human cancers (ovarian cancer, gastric
cancer, and colorectal cancer) "7, Scrib plays a key role
in the establishment of cell polarity during migration
(18] STK32C, a member of the AGC superfamily serine/
threonine protein kinase, was found to be highly

MAT

RA-5428D-AT

Fig. 5 Gene interaction networks between alternative splicing (AS)
factors and prognostic AS events. Purple triangle: spliced factors, green
ellipse: low-risk AS events, red ellipse: high-risk AS events, green line: a
negative correlation, red line: a positive correlation

expressed in brain tissue. Erlsun et al. have shown that
high STK32C protein expression in tumor tissues was
significantly related to poor clinicopathological features
and short-term recurrence-free survival rate in patients
with bladder cancer . STK32C inhibits tumor cell
migration, proliferation, and invasion in vitro Cytochrome
B561 (CYB561) is a conserved transmembrane transport
protein with chelating reductase activity that specifically
acts on secretory vesicles of neuroendocrine substances
(catecholamine and neuropeptide). It is widely expressed
in human tissues and promotes the growth and metastasis
of castrated neuroendocrine prostate cancer cells. The
low expression level of CYB561 mRNA in ovarian cancer
has been associated with poor prognosis and may serve
as a prognostic biomarker. Zhou et al have reported
that CYB561 can be used as a prognostic biomarker
for breast cancer ®. Rho guanine nucleotide exchange
factor 11 (ARHGEF11) has been shown to promote
tumor metastasis in glioblastoma and ovarian cancer.
Du et al. have found that ARHGEF11 can promote the
proliferation and metastasis of liver cancer by activating
the B-catenin pathway and that ARHGEF11 may be a
potential prognostic biomarker of liver cancer . NSUN5
encodes cytosine-5 RNA methyltransferase. Jiang et al.
have determined that NSUNS5 is a promoter of colorectal
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development mediated via cell cycle regulation (2.

Melanoma antigen D1 (MAGED1) is a member of the type
IT melanoma antibody (MAGE) family. Downregulation
of MAGED1 expression has been documented in glioma
stem cellsand breast cancer cell linesand may play a critical
role in cancer and apoptosis. Zeng et al. have reported a
correlation between the expression of melanoma antigen
D1 in colorectal cancer and prognosis **l. Microtubule-
related serine/threonine kinase 1 (MAST1) is the
main driver of cisplatin resistance in human cancer.
Mechanistically, cisplatin inhibits the mitogen-activated
protein kinase (MAPK) pathway by separating cRaf from
MEK]1, whereas MAST1 replaces cRaf to reactivate the
MAPK pathway in a cRaf-independent manner 4.

According to the prognostic risk model constructed
based on AS events of these 13 genes, the AUC of
the ROC curve was 0.827, indicating that the model
presented medium accuracy. However, this study has
some limitations: (1) Data were from a single database,
the sample size was relatively small, and a single ethnicity
was evaluated. In the future, this needs to be verified in
a larger sample population, using multicenter and multi-
region populations. (2) The clinical information from the
TCGA database is incomplete, and some information, such
as tumor stage, was lacking. (3) Currently, few studies are
available on the parental genes of AS, and their function
in endometrial cancer remains unclear. Additional basic
research is needed to further explore the mechanisms
underlying these AS events.

In conclusion, we identified 13 AS events based on
data from TCGA and TCGA SpliceSeq databases and
established a prognostic risk model with moderate
predictive accuracy. Furthermore, we identified risk
score and tumor grade as independent prognostic factors
for UCEC.
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A novel derivative of Genistein inhibits proliferation
of ovarian cancer HO-8910 cells by regulating
reactive oxygen species*
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Objective To investigate the anticancer effect of a novel derivative of genistein (5-hydroxy-4'-nitro-7-
propionyloxy-genistein, HNPG) on human ovarian cancer HO-8910 cells and its possible molecular
mechanism.

Methods HO-8910 cells were cultured in vitro, and the inhibitory effect of HNPG on proliferation was
determined using MTT [3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide] assay. The effect of
HNPG on inducing apoptosis was examined using FCM with Annexin V-FITC and propidium iodide staining.
The effect of HNPG on regulating reactive oxygen species (ROS) was measured using FCM with 2',7'-di
chlorodihydro-fluorescein diacetate staining. The effect of HNPG on modulating mitochondrial membrane
potential (MMP) was determined using FCM with lipophilic cationic dye 2 (6 Amino 3 imino 3H xanthen 9
yl) benzoic acid methyl ester (Rh123) staining. The bioactivity of superoxide dismutase (SOD) and catalase
(CAT) and the content of glutathione (GSH) and malondialdehyde (MDA) were detected using enzyme-
linked immunosorbent assay. The related apoptotic proteins, including bcl-2, bax, cyt-c, and cleaved-
caspase-3, were assessed using western blotting.

Results HNPG exhibited dramatic antitumor activity against HO-8910 cells in vitro, inhibited proliferation,
and induced apoptosis in a time- and dose-dependent manner. These effects were accompanied by reduced
bioactivity of SOD and CAT, reduced GSH content, and enhanced MDA content. Simultaneously, the
amount of ROS was increased and the level of MMP was reduced, along with upregulation of mitochondrial
apoptosis pathway-related proteins, bax, cyt-c, and cleaved-caspase-3; bcl-2 protein was downregulated.
Conclusion HNPG inhibited proliferation of human ovarian cancer HO-8910 cells in vitro, which might
be related to decreased bioactivity of SOD and CAT. HNPG also reduced GSH content, which resulted in
ROS accumulation in cells, damaged the integrity of mitochondrial membrane, and induced cell apoptosis.
Key words: ovarian cancer; 5-hydroxy-4-nitro-7-propionyloxy-genistein; reactive oxygen species;
proliferation; apoptosis
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Chemotherapy plays an extremely important role in the
treatment of ovarian cancer; postoperative chemotherapy

Therefore, the development of new anticancer drugs
with more anticancer effects and fewer side-effects has

and preoperative neoadjuvant chemotherapy have
greatly improved patient prognosis in recent years !!l.
Not only can chemotherapy kill residual cancer foci,
control recurrence, alleviate symptoms, prolong survival
time, and reduce cancer volume to create satisfactEory
conditions for surgeons, it also serves as the main
treatment for patients who cannot tolerate surgery 1.

become one of the hot spots in clinical research -2,

It was reported that Genstein (GEN) caused extensive
pharmacological effects and could inhibit proliferation
and induce apoptosis of cancer cells, but its clinical
application was limited due to its poor solubility
and low bioavailability ®. However, the solubility
and bioavailability of GEN could be improved, and
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the antitumor activity increased through chemical
modification of its structure . 5-hydroxy-4’-nitro-7-
pro-pionyloxy-genistein (HNPG) is a novel derivative
of GEN, which includes nitro-4" and propionyloxy-7 in
the parent nucleus of GEN . HNPG reportedly possesses
more anticancer activity than GEN, though its effect
against ovarian cancer and its molecular mechanism have
not yet been reported °..

This study examined the inhibitory effect of HNPG on
the proliferation of ovarian cancer HO-8910 cells, further
investigated its possible molecular biological mechanism,
and provided an experimental basis for the clinical
treatment of ovarian cancer with HNPG.

Materials and methods

Cells and reagents

Human ovarian cancer HO-8910 cells were purchased
from the China Center for Type Culture Collection and
cultured in Dulbecco’s modified Eagle medium (DMEM)
medium containing 10% fetal bovine serum at 37 °C
with 5% CO, and saturated humidity. HNPG (molecular
formula Ci5H1307N, molecular weight 355, faint yellow
powder, 98% purity) was synthesized by Professor Jin
Yongsheng (Biochemical Laboratory of Naval Military
Medical University of China). Primary antibodies
of bcl-2 (A00040-1), bax (A00183), cyt-c (BA0774),
cleaved caspase-3 (BM3937), and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) (A00227-1) were
purchased from Boster Biotechnology Co., LTD. The
determination kits of reactive oxygen species (ROS)
(E004-1-1), superoxide dismutase (SOD) (A001-3),
catalase (CAT) (A007-1-1), glutathione (GSH) (A006-1),
and malondialdehyde (MDA) (A003-4) were bought from
Nanjing Jiancheng Institute of Biology. Annexin V-FITC
apoptosis detection kit (C0162) and mitochondrial
membrane potential detection kit (C2006) were obtained
from Shanghai Beyond Biological Company. MTT (C0009),
penicillin-streptomycin solution (C0022), pancreatic
protein digestive enzyme (C0205), and bicinchoninic acid
(BCA) protein concentration determination kit (P0012S)
were purchased from Beyotime Biotechnology Institute.
Cell lysate (ARAR0107) and standard fetal bovine serum
(PYGO0001) were purchased from Boster Biotechnology
LTD.

MTT analysis

HO-8910 cells in logarithmic growth phase were
plated on a 96-well culture plate at a density of 5,000/well
for 24 h. After the cells completely adhered to the culture
plate, different concentrations of HNPG (0.625, 1.25, 2.5,
5, 10, 20, 40 pmol/L) were added to each well for 48 h.
The inhibitory effect on proliferation of HO-8910 cells
was detected, and the optimal concentration and action
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time associated with optimal bioactivity were selected
and administrated for subsequent experiments. The
cells were incubated using DMEM medium containing
cisplatin 5 pmol/L, GEN 160 pumol/L, or HNPG (5, 10,
or 20 umol/L) for 48 h. The culture medium was then
removed, and 5 mg/L MTT was added to each well for
further incubation for 4 h. Next, the MTT suspension
was removed, and 100 pL. Dimethyl sulfoxide (DMSO)
was added. The wavelength of 570 nm was selected
to detect the optical density (model: ELX-800 Type).
Cell proliferation inhibition rate (IR) was calculated as
follows: IR = (1 — mean of experimental group A/mean
of blank control group A) x 100%. IC50 was obtained
using the improved Koch method. The experiment was
repeated three times, and the mean values were used for
statistical analysis.

FCM of annexin V-FITC (AV) and propidium
iodide (PI) staining

HO-8910 cells in logarithmic phase were cultured for
24 h to ensure that the cells completely adhered to the
bottle bottom. The culture medium was renewed with
EMEM medium containing DDP (5 pmol/L), GEN (160
pmol/L), or HNPG (2.5, 5, or 10 pmol/L). After 48 h,
the treatment media were discarded and the cells were
cleaned twice with PBS. The cells were digested with
0.25% trypsin and beaten into single cell suspension.
The suspended cells were centrifuged at 2,000 rpm for
5 min, and the supernatant was discarded. The cellular
precipitate was resuspended in 1 mL 50 mmol AV and
50 mmol PI solution, incubated at 37 °C for 30 min in
a dark room, then washed with serum-free DMEM
solution three times. The apoptotic cells were measured
using FCM with an excitation wavelength of 488 nm and
an emission wavelength of 530 nm. The experiment was
conducted three times, and the average values were taken
for statistical analysis.

FCM of DCFH-DA staining

HO-8910 cells in logarithmic phase were incubated
and completely adhered to the bottle bottom for 24
h. The culture medium was changed to fresh DMEM
medium containing DDP (5 pymol/L), GEN (160 pmol/L),
or HNPG (2.5, 5, 10 pmol/L), and the cells continued to
incubate for 48 h. The treatment media were discarded
and the bottle bottom was cleaned twice with PBS. The
cells were digested with 0.25% trypsin and resuspended
in culture medium. The cellular suspension was
centrifuged at 2,000 rpm for 5 min, and the supernatant
was discarded. The cellular precipitate was suspended in
1 mL 50 mmol 2’,7’-dichlorodihydrofluorescein diacetate
(DCFH-DA) solution, and incubated at 37 °C for 30 min
in a dark room, then washed three times with serum-free
DMEM solution to remove DCFH-DA that did not enter
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the cells. The cells were passed through a 40 um filter.
The fluorescence intensity of DCFH-DA was measured
using FCM with an excitation wavelength of 488 nm
and emission wavelength of 530 nm. The experiment
was performed three times, and the average values were
adopted for statistical analysis.

FCM of Rhodamine 123 staining

HO-8910 cells in logarithmic phase were cultured and
completely adhered to the bottle bottom for 24 h. The
culture medium was replaced with new DMEM medium
containing DDP (5 pymol/L), GEN (160 pmol/L), or HNPG
(2.5, 5, or 10 pmol/L). The cells continued to incubate for
48 h; then the culture medium was discarded, and the
bottle bottom was cleaned twice with PBS. The cells were
digested with 0.25% trypsin and resuspended. The cell
suspension was centrifuged at 2,000 rpm for 5 min, and
the supernatant was discarded. The cell precipitate was
suspended in 500 pL Rh123 solution (final concentration
5 pg/mL), and incubated at 37 °C for 30 min in a dark
room. The cells were washed three times with serum-
free DMEM solution and two times with PBS, then
passed through a 40 pm filter. The fluorescence intensity
of Rh123 was measured uisng FCM with an excitation
wavelength of 475 nm and emission wavelength of 525
nm. The experiment was repeated three times, and the
average values were calculated for statistical analysis.

Enzyme-linked immunosorbent assay
(ELISA) method

HO-8910 cells in logarithmic phase were incubated
for 24 h until they completely adhered to the bottle
bottom. The culture medium was changed with new
DMEM medium containing DDP (5 umol/L), GEN (160
pmol/L), or HNPG (2.5, 5, or 10 pmol/L), and the cells
continued to incubate for 48 h. The cells were digested
with 0.25% trypsin and resuspended. The cellular
suspension was centrifuged at 800 rpm for 5 min, the
supernatants were discarded, and the cell precipitates
were suspended twice with ice PBS. As a final step, the
cellular precipitate was lysed using cell lysis solution for
30 min, and the supernatant was centrifuged at 1,2000
rpm at 4 °C for 10 min. Protein density in the supernatant
was determined with a BCA protein quantitation kit. In
accordance with the appropriate kit instructions, SOD
activity, CAT activity, GSH contents, and MDA contents
were measured at 550 nm, 405 nm, 420 nm, and 532
nm, respectively. The calculation formulas of enzyme
activity/content were as follows: Total SOD activity (U/
ng) = ([ODcontml group — ODexperimental gmup] / ODcontrol group) /
50% x (Viotat reaction liquid/ Vsample) / Cproein; CAT activity (U/
mgprot) = (ODcontrol group — ODexperimentat group) X 271 x 1/(60 x
Viample) / Cprotein (gprot/mL); GSH content (mgGSH/gprot)
= ([ODpeterminationvatue = ODblankvatue] / [ODstandard vatueODblank
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value]) X Cstandard concentration (20 x 10 mmol/ L) x W nolecular weight
(307) X Raitution ratio of sample before test / Chomogenate protein(gprot/l); MDA
content (nmol/mgprot) = ([ODexperimentat group = ODcontrol group)/
[ODstandard vatue = ODstandara Value]) X Csandard product/ Cprotein content-
The experiment was performed three times, and the
average values were taken for statistical analysis.

Western blotting assay

HO-8910 cells in logarithmic phase were cultured for
24 h until they completely adhered to the bottle bottom.
The culture medium was discarded and new DMEM
media with different concentrations of HNPG (2.5, 5, or
10 pmol/L) were added for a 48 h incubation. The cells
on the bottle bottom were washed three times with ice-
cold PBS, and the cell lysis solution was added to extract
proteins. A 30 pg sample was separated uisng sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE), and the protein was transferred to
polyvinylidene fluoride (PVDF) membrane. The protein
was blocked with 5% nonfat milk in Tris-buffered saline
with Tween-20 (TBST) in a room temperature shaker for
2 h. The primary antibody was incubated at 37 °C for 3
h, and the secondary antibody was incubated at 37 °C for
1 h. The fluorescence of antigen-antibody reactions was
stimulated using enhanced chemiluminescent agents, and
the film was exposed to the reacting fluorescence. The
resulting film image was processed and analyzed using
a grayscale scanner. The experiment was repeated three
times, and the average values were used for statistical
analysis.

Statistical analyses

The data were analyzed using statistical product and
service solutions 21.0 software. All experimental data
were expressed as mean = standard deviation (x * 9).
Comparisons between the two groups were analyzed
using student’s ¢ test, and multiple groups were analyzed
using one-way analysis of variance. P < 0.05 indicated
statistical differences.

Results

Effect of HNPG on proliferation
of HO-8910 cells

The different concentrations of HNPG (0.625, 1.25,
2.5, 5, 10, 20, and 40 pmol/L) were administrated to
HO-8910 cells for 48 h, and it was found that the
cellular proliferation was inhibited in a concentration-
dependent manner. The most significant inhibition by
HNPG occurred at a concentration between 1.25 and 20
pmol/L. Compared with the normal saline (NS) group,
the inhibition rates of different concentrations of HNPG
were statistically significant (P < 0.05), as shown in Fig.
la. HNPG was found to inhibit the proliferation of HO-
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Fig. 1

The inhibitory effect of HNPG on proliferation of HO-8910 cells. (a) The inhibition rate of HO-8910 cells treated with different concentrations of

HNPG for 48 h; (b) The inhibition rate of HO-8910 cells treated with different concentrations of HNPG at different times. *P < 0.05 vs. the NS group; #P

<0.05 vs. the 5 umol/L DDP group, or 160 pmol/L GEN group
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Fig. 2 The effect of HNPG on apoptosis of HO-8910 cells. *P < 0.05 vs. the NS group; #P < 0.05 vs. 5 pumol/L DDP group, 5 umol/L HNPG group, or
160 pmol/L GEN group; ® P < 0.05 vs. 5 ymol/L DDP group, 5 umol/L HNPG group, or 160 umol/L GEN group

8910 cells in a time-dependent manner. The different
groups of HNPG (2.5, 5, and 10 ymol/L) at different time-
points (24, 48, and 72 h) showed statistical differences
in the inhibition rate of HO-8910 cells (P < 0.05), and
the IC50 of HO-8910 cells treated with HNPG for 48 h
was 4.8 + 0.6 umol/L. The inhibitory effect of 5 pmol/L
HNPG on the proliferation of HO-8910 cells was similar
to 5 pmol/L DDP or 160 umol/L GEN, and there was no
significant difference between the latter two groups (P <
0.05) (Fig. 1b).

Effect of HNPG on induced apoptosis
of HO-8910 cells

HO-8910 cells in logarithmic phase were cultured
with NS, DDP (5 pmol/L), GEN (160 pmol/L), or HNPG

(2.5, 5, and 10 pmol/L) for 48 h. FCM showed that HO-
8910 cells underwent apoptosis to varying degrees. The
apoptotic rates of NS, DDP (5 pmol/L), GEN (160 ymol/L),
and HNPG (2.5, 5, and 10 pmol/L) groups were 3.19 +
0.42%, 21.06 + 1.47%, 19.65 + 1.69%, 10.24 + 1.13%,
20.25 + 2.04%, and 32.83 + 3.12%, respectively, and the
apoptotic rates of each research group were higher than
that of the NS group (P < 0.05). There were statistical
differences between each concentration of HNPG (2.5, 5,
and 10 pmol/L) groups (P < 0.05). The apoptotic rate of
the 5 pmol/L HNPG group was close to that of the 160
pmol/L GEN or 5 ymol/L DDP groups, and there was no
significant difference between the latter two groups (P >
0.05), as shown in Fig. 2.
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Effect of HNPG on ROS regulation
in HO-8910 cells

HO-8910 cells in logarithmic phase were incubated
with NS, DDP (5 pmol/L), GEN (160 pmol/L), or HNPG
(2.5, 5, and 10 pmol/L) for 48 h. FCM indicated that the
fluorescence intensity of DCFH-DA in HO-8910 cells
was increased to varying degrees. The fluorescence
intensity of the DDP (5 umol/L), GEN (160 pmol/L), and
HNPG (2.5, 5, 10 pmol/L) groups were 0.78 + 0.08, 4.45
+ 0.47, 429 = 0.49, 2.24 + 0.13, 4.38 = 0.44, and 6.26 +
0.52, respectively, and there were statistical differences
between each research group and the NS group (P <
0.05). There were also statistically significant differences
between the HNPG (2.5, 5, and 10 pumol/L) groups (P <
0.05). The fluorescence intensity of the 5 pmol/L HNPG
group was close to the 160 pmol/L GEN or 5 pmol/L DDP
group, and there was no statistical difference between the
latter two groups (P> 0.05), as shown in Fig. 3.

Effect of HNPG on mitochondrial membrane
potential (MMP) adjustment in HO-8910 cells
HO-8910 cells in logarithmic phase were cultured
in medium containing NS, DDP (5 ymol/L), GEN (160
pmol/L), or HNPG (2.5, 5, and 10 pmol/L) for 48 h. FCM
demonstrated that Rh 123 fluorescence intensity of HO-
8910 cells decreased to varying degrees. The fluorescence
intensity of the NS, DDP (5 pmol/L), GEN (160 pmol/L),
and HNPG (2.5, 5, 10 pmol/L) groups were 10.02+0.86,
5.5 + 0.42, 5.66 + 0.48, 8.38 + 0.63, 6.16 + 0.54, and 2.28
+0.12, respectively, and there were statistical differences
compared with the NS group (P < 0.05). There were
statistically significant differences between each pair
of HNPG concentrations (P < 0.05). The fluorescence

NS DDP 5 pmol/L
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intensity of the 5 pmol/L HNPG group was analogous
to the 160 pmol/L GEN and 5 pmol/L DDP groups, and
there was no significant difference between the latter two
groups (P> 0.05), as shown in Fig. 4.

Effect of HNPG on SOD, CAT, GSH, and MDA
modulation in HO-8910 cells

HO-8910 cells in logarithmic phase were incubated
with DMEM medium, including DDP (5 pmol/L), GEN
(160 pmol/L), or HNPG (2.5, 5, and 10 umol/L) for 48 h.
ELISA assays indicated that SOD and CAT activity were
reduced, GSH content was reduced, and MDA content
was increased. There was statistical significance compared
with the NS group (P < 0.05). There were statistical
differences in SOD activity, CAT activity, GSH content,
and MDA content between any two HNPG groups (P <
0.05). SOD/CAT activity in the 5 pmol/L HNPG group was
similar to the 160 pmol/L GEN or 5 pmol/L DDP group,
and GSH/MDA content in 5 pmol/L HNPG groups were
similar to the 5 pmol/L GEN or 5 umol/L DDP groups,
while there was no statistical significance between the
latter two groups (P> 0.05), as shown in Table 1.

Effect of HNPG on mitochondrial apoptosis
pathway-related proteins regulated
in HO-8910 cells

Logarithmic proliferating HO-8910 cells were cultured
with DMEM medium containing different concentrations
of HNPG (2.5, 5, and 10 pmol/L) for 48 h, the cellular
proteins were extracted, and the average relative gray
values of western blots were detected. The expression
of bcl-2 protein was downregulated in a concentration-
dependent manner, and there was a statistical difference
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Fig.3 The effect of HNPG on ROS regulation in HO-8910 cells. *P < 0.05 vs. the NS group; #P < 0.05 vs. 5 umol/L DDP group, 5 umol/L HNPG group,
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Table 1 Effect of HNPG on SOD, CAT, GSH and MDA modulation in HO-8910 cells

Groups SOD (U/mgprot) CAT (U/mgprot) GSH (mg/gprot) MDA (nmol/mgprot)
NS 46.59 +2.21 10.89 +1.12 12.47 +1.07 443 +0.27
DDP 5 pmol/L 31.08 + 1.84* 598 +0.12* 6.28 +0.37* 8.54 +0.47*
GEN 160 umol/L 32.90 £ 3.31* 6.52 + 0.09* 6.45+0.11* 8.76 £ 0.27*
HNPG 2.5 umol/L 43.85+£2.04* 8.65 + 0.52** 9.52 + 0.48* 5.04 £0.41*
HNPG 5 pmol/L 32.70 + 3.06* 6.70 £ 0.43* 6.97 £ 0.44* 8.49+0.31*
HNPG 10 pumol/L 25.72 + 3.08* 418 £ 0.47* 4.46 +0.63* 10.62 £ 0.22*#

*P < 0.05 vs the NS group; *P < 0.05 vs 5 ymol/L DDP group, or 5 umol/L HNPG group, or 160 pumol/L GEN group; $P < 0.05 vs. 5 umol/L DDP group,

or 5 ymol/L HNPG group, or 160 pmol/L GEN group

compared with the NS group (P < 0.05). However, bax,
cyt-c, and cleaved caspase-3 proteins were upregulated
in a concentration-dependent manner, and there were
statistical differences compared with the NS group (P <
0.05; Fig. 5).

Discussion

Atypical proliferation is one of the malignant
manifestations of cancer; the rapidly and abnormally
proliferating cancer cells not only compress, infiltrate,
and damage the surrounding tissue, but also cause
metastasis. Simultaneously, the cancer cells release
harmful substances into the blood, lymph, and tissue
fluid, which threaten the regulatory function of the
immune system and affect the balance and stability of the
internal environment. Therefore, inhibiting proliferation
of cancer cells has become one of the key steps in cancer
treatment /. Apoptosis is a kind of programmed cell
death in which signal transduction pathways are initiated
by factors originating internally and externally to the

body. Death signals are received by apoptosis-related
genes, and various enzymes implementing apoptosis,
such as endogenous nuclease and caspase, are synthesized
8. Apoptosis plays an important role in modern oncology
chemotherapy; many chemical medicines exert their
antitumor role via induction of tumor cell apoptosis [®.
Chemotherapy remains the most important method
to treat ovarian cancer aside from surgery. Chemical
medicines, which have entered organisms can Kkill
malignant cells, inhibit cancer cell proliferation, and
induce tumor cell apoptosis, thereby playing a crucial
role in reducing various damages caused by cancer
proliferation and invasion® %) In this study, we found that
HNPG could inhibit proliferation and induce apoptosis
of ovarian cancer HO-8910 cells, with an effect similar
to DDP or GEN, suggesting that HNPG has potential
as a chemical substance to treat ovarian cancer. These
findings indicate that the possible molecular biological
mechanism is worth investigating.

A balanced oxidation-antioxidant enzyme system
exists in organisms, which plays an important role in
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Fig. 5 Effect of HNPG on apoptosis-related protein regulation in HO-8910 cells. * P < 0.05 vs. the NS group

maintaining the balance and stability of the internal
environment Y. The antioxidant system includes
SOD, CAT, GSH, and other enzymes . SOD is one of
most important antioxidant enzymes and can directly
withstand oxygen free radicals and ROS in the body;
this enzyme can take superoxide anion free radicals as
the substrate to catalyze its disproportionation reaction
to generate nontoxic oxygen or hydrogen peroxide 2.
CAT is another key enzyme in the defense system, which
can effectively catalyze hydrogen peroxide into nontoxic
oxygen 13 GSH can also effectively catalyze hydrogen
peroxide into nontoxic oxygen and water . SOD, CAT,
and GSH play significant roles in the antioxidant enzyme
system. The determination of SOD activity, CAT activity,
and GSH content can indirectly reflect the antioxidant
capacity of organisms, including oxygen free radicals
and purged ROS ™. Organisms can produce oxygen free
radicals or ROS via enzyme systems themselves, which
can attack polyunsaturated fatty acids in biofilms, induce
lipid peroxidation, and form lipid peroxides, such as
MDA; therefore, the amount of MDA can reflect the
degree of lipid peroxidation in body, which indirectly
indicates the degree of cell damage . In this study, it
was found that the content of ROS in HO-8910 cells
was improved by HNPG, accompanied by decreased
SOD and CAT bioactivity, reduced GSH content, and
enhanced MDA content. This suggested that the effect of
HNPG on inhibiting proliferation and inducing apoptosis
of HO-8910 cells was closely related to the function of
the oxidant-antioxidant enzyme system brought down,
which led to ROS accumulation in HO-8910 cells and
damaged the mitochondrial phospholipid membrane.
Mitochondria are vital organelles for cellular
oxidative  phosphorylation, and  transformation
holes jointly assembled by bcl-2 and bax proteins in
the phospholipid bilayer of mitochondria maintain
the normal communication between the intra and
extra-mitochondrial environments " ¥, 'When the
mitochondrial membraneisdamaged, the substancesin the

mitochondrion spill out, which not only directly reduces
MMP, but also initiates a cellular apoptotic reaction
19, When MMP is downregulated and mitochondrial
substances leak, a vicious cycle develops that promotes
the initiation of cellular apoptosis. Simultaneously, bcl-2
and/or bax proteins are abnormally regulated and their
ratio unbalanced, which will also lead to downregulation
of MMP and cause mitochondrial substances to spill over,
including cyt-c, apoptosis inductive factor, or apoptosis
protease-activating factor. Once the mitochondrial
substances are released into the cytoplasm, the caspase
family cascade reaction is activated *> 2!, Finally, the
apoptotic effector protein-cleaved caspase-3 is activated
and cellular apoptosis is induced ??. In this study, it was
found that MMP decreased when HO-8910 cells were
treated with HNPG. This was accompanied by reduced
expression of bcl-2 protein, increased expression of bax
and cleaved caspase-3, and a downregulated ratio of
bcl-2/bax, which together suggest that the proliferation
inhibition and induced apoptosis might be related to the
mitochondrial apoptosis pathway, in which mitochondrial
contents are released into the cytoplasm and the caspase
family cascade reactions are activated for mitochondrial
injury.

Insummary, HNPGsignificantlyinhibited proliferation
and induced apoptosis of HO-8910 in vitro, and the
molecular biological mechanism might be closely related
to the downregulation of the cellular antioxidant enzyme
system. In turn, this downregulation reduced the capacity
of scavenging ROS, contributed to ROS accumulation in
cells, damaged mitochondrial lipid membrane, reduced
cellular MMP, caused mitochondrial dysfunction,
released cyt-c and other apoptosis-inducing substances
into the cytoplasm, activated the caspase enzyme chain
reaction, and resulted in cell apoptosis. However, to
determine whether HNPG inhibits the growth and
proliferation of ovarian cancer cells in vivo and whether
HNPG possesses synergistic effects with other traditional
anticancer drugs, further study is needed.
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Objective  This study aims to investigate the effects of the long noncoding RNA (IncRNA) DRAIC on the
proliferation, apoptosis, and radiosensitivity of hepatocellular carcinoma (HCC) cells and the molecular
mechanisms involved.

Methods Cancer tissues and their corresponding adjacent tissues from 30 patients with HCC were
collected, and the expression levels of DRAIC and miR-223-3p were detected via RT-gPCR. DRAIC
interference and miR-223-3p overexpression vectors were transfected into HepG2 cells. In addition, DRAIC
and miR-223-3p interference vectors were co-transfected into HepG2 cells. The constructed cells were
irradiated at 4 Gy. Cell colony formation assay, MTT assay, and flow cytometry were performed to detect the
radiosensitivity, proliferation inhibition rate, and apoptosis rate of HepG2 cells, respectively. Dual luciferase
reporter gene assay was performed to detect the targeted regulation of DRAIC on miR-223-3p expression.
Results The expression level of DRAIC in HCC tissues was higher than that in paracancer tissues,
whereas the expression level of miR-223-3p was lower in HCC tissues than that in paracancer tissues
(P < 0.05). Inhibition of DRAIC expression or overexpression of miR-223-3p increased the proliferation
inhibition and apoptosis rates of HepG2 cells (P < 0.05). After irradiation, cell survival fraction decreased
and cell proliferation inhibition and apoptosis rates increased (P < 0.05). DRAIC targeted the regulation of
miR-223-3p expression, and interference of miR-223-3p expression reversed the effects of inhibiting DRAIC
expression on the proliferation, apoptosis, and radiosensitivity of HepG2 cells.

Conclusion Inhibition of DRAIC expression can inhibit the proliferation of HepG2 cells, promote cell
apoptosis, and enhance the radiosensitivity of cells via upregulation of miR-223-3p.

Key words: the long noncoding RNA (IncRNA) DRAIC; miR-223-3p; hepatocellular carcinoma (HCC);
radiosensitivity medium classification

d common

Hepatocellular carcinoma (HCC) is
malignant tumor in China, and is often treated with
surgery and chemotherapy M. With the popularization
and development of precision radiotherapy in recent
years, radiotherapy has become an effective means to
treat liver cancer?. However, the resistance of HCC cells
to radiotherapy reduces the sensitivity and limits the wide
application of radiotherapy. Finding biomarkers that are
predictive of neoadjuvant therapy and have a prognostic
effect on the overall survival is a research hotspot in the
field of neoadjuvant therapy. Long noncoding RNAs
(IncRNAs) are transcripts of more than 200 nucleotides

and are closely associated with various diseases, including
cancer. LncRNAs are considered potential biomarkers
for cancer diagnosis, specifically as tumor promoters or
suppressors . Studies have reported that the IncRNA
DRAIC is upregulated in gastric cancer tissues and cell
lines, which can be used as an indicator of poor prognosis
in patients with gastric cancer. Inhibition of DRAIC
can inhibit the proliferation, migration, and invasion of
gastric cancer cells™®. The IncRNA DRAIC regulates the
DNA damage response of nasopharyngeal carcinoma cells
to achieve radiation resistance . However, its role in
HCC and whether it affects the radiosensitivity of HCC

P Correspondence to: Wenjun Li. Email: queyun175837@163.com
© 2022 Huazhong University of Science and Technology



294

cells remain unclear. DRAIC has been reported to have
binding sites for miR-223-3p. Overexpression of miR-
223-3p can inhibit the proliferation and migration of
HCC cells . Therefore, this experiment was conducted
to investigate the effects of the IncRNA DRAIC on the
proliferation, apoptosis, and radiosensitivity of HCC cells
and whether the mechanism was related to miR-223-3p.

Materials and methods

Specimens

Thirty patients with HCC with complete
clinicopathological data were admitted to our hospital
(PLA Rocket Force Characteristic Medical Center, Beijing,
China) from June 2015 to June 2020. All patients were
checked through pathological examination, and their
cancer and paracancer tissues were surgically removed.
In addition, all patients signed informed consent forms.
This experiment was reviewed and approved by the
Ethics Committee of our hospital.

Cells and reagents

Human HCC cell line, HepG2, was purchased from
Shanghai Cell Bank (Chinese Academy of Sciences,
China). The main reagents were as follows: RPMI-1640
complete medium was purchased from Gibco (San Diego,
California, USA); Fluorescence quantitative PCR kit
(Dingguochangsheng, Beijing, China); methyl thiazolyl
tetrazolium (MTT) kit (Tongwei, LTD, Shanghai,
China). The apoptosis detection kit (Emijie, Wuhan,
China), protein lysate (Yuanye, Shanghai, China),
double luciferase reporter gene detection kit (Biyuntian,
Shanghai, China). The rabbit polyclonal antibodies cyclin
D1 (AB39570), Bcl-2 (AB25644) and rabbit monoclonal
antibodies p21 (AB13662), Bax (AB25436), and cleaved
caspase-3 (AB66254) were purchased from Abcam
(Boston, Massachusetts, USA).

Experimental grouping

HepG2 cells were cultured in RPMI-1640 complete
medium. DRAIC interference expression vector and a
negative control and miR-223-3p mimics and a negative
control were transfected into HepGZ cells at the
logarithmic growth stage. They were classified as short
interfering (si)-DRAIC, si-NC, miR-223-3p, and miR-NC
groups, respectively. The DRAIC interference expression
vector was co-transfected with miR-223-3p inhibitor or
a negative control into HepGZ cells and was classified as
si-DRAIC + anti-miR-223-3p and si-DRAIC + anti-miR-
NC groups, respectively. Cells in the si-NC, si-DRAIC,
miR-NC, miR-223-3p, si-DRAIC + anti-miR-NC, and si-
DRAIC + anti-miR-223-3p groups were irradiated with
4 Gy radiation and were recorded as 4 Gy + si-NC, 4 Gy
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+ si-DRAIC, 4 Gy + miR-NC, 4 Gy + miR-223-3, 4 Gy +
si-DRAIC + anti-miR-NC, and 4 Gy + si-DRAIC + anti-
miR-223-3p groups, respectively.

Real-time quantitative PCR (RT-qPCR)
detection

RNA was extracted from tissues and cells.
Next, RT-qPCR was performed according to the
kit instructions, with GAPDH and U6 as internal
controls, and the relative expression level was
calculated via the 2% method. The following
primers were used: DRAIC upstream primer sequence:
5-CTGCCTCCACCCGTGTACCG-3 and downstream
primer sequence: 5-ATCGGCGTGGGTGTCTCACC-3’;
GAPDH upstream primer sequence: 5-TGGTCr-
CCCAAGCGTCGATag-3 and downstream primer
sequence: 5-AGCTTGGACGAGATCGGGGAA-3’;
miR-223-3p upstream primer sequence: 5-AcACTT-
ATCGGTAGTGTGGTC-3 and downstream primer
sequence: 5-AGCTCGTCTCTCCCGTCCCT-3’;
U6 upstream primer sequence: 5-CCAACGA-
AACCGTCGCATCCAGT-3’ and downstream primer
sequence: 5-AgGAAAAGTTCACAatCTCGA-3.

Cell colony formation assay

Cells of the si-NC, si-DRAIC, miR-NC, miR-223-3p,
si-DRAIC + anti-miR-NC, and si-DRAIC + anti-miR-
223-3p groups were inoculated in a 60 mm petri dish
and irradiated with 0, 2, 4, 6 and 8 Gy radiation. After
irradiation, the cultures were continued for two weeks.
The cells were subjected to Giemsa staining, and colonies
of more than 50 cells were counted under an optical
microscope (BX53, Olympus, Japan). GraphPad Prism
5 (National Institutes of Health) was used to fit the cell
survival curve.

MTT assay

The cells were cultured for 48 h, MTT assay was
performed according to the manufacturer’s instructions,
and MTT solution and dimethyl sulfoxide were added.
The absorbance (A) value at 490 nm was detected
using a microplate reader (Multiskan FC, Thermo). The
proliferation inhibition rate was calculated using the
following formula: [1 — A (experimental group)] / A
(blank group) x 100%.

Flow cytometry

HepG2 cells were digested with 0.25% trypsin and
centrifuged. Flow buffer was then added to the cells
according to the manufacturer’s instructions, and the
cells were resuspended (Phosphate buffer). Next, 5 uL
annexin V-APC was added and the cells were incubated
for 30 min, and then 5 pL PI was added.
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Western blot

The cells were collected (1 x 10° cells/mL) and subjected
to total protein extraction. The proteins (100 pg) were
then denatured, separated via SDS-PAGE, transferred to
the PVDF membrane, and then sealed for 1 h. They were
incubated with the primary antibody (diluted 1:500)
overnight at 4 °C and with the secondary antibody for
1 h. ECL developing solution A and the same volume of
liquid B was dropped onto the PVDF membrane, and an
image was captured using the AI600 imaging system. The
absorbance value was analyzed using Image ] software
(Ver. 1.48, Bethesda, MD, USA) and was compared with
[B-actin as the internal control.

Double luciferase reporter gene assay

The wild-type DRAIC sequence containing the
predicted miR-223-3p binding site or mutants at each
site was cloned into the PsichecK-2 plasmid and named
DRAIC-WT or DRAIC-MUT reporter gene. The luciferase
reporter gene was transfected into HepGZ cells with miR-
223-3p, anti-miR-223-3p, or the corresponding controls.
After 48 h, luciferase activity was measured using the
dual luciferase reporter gene assay system (Promega).

Statistical analysis

SPSS 20.0 software was used for statistical analysis. The
measurement data consistent with normal distribution
were expressed as mean + standard deviation (X + S).
T-test and LSD-T test were performed for comparison
between two groups, and one-way ANOVA was used
for comparison between multiple groups. P < 0.05 was
considered to indicate a statistically significant difference.

Results

Expression of IncCRNA DRAIC and miR-223-3p
in HCC tissues

DRAIC expression level in HCC tissues was higher
than that in paracancer tissues, whereas the miR-223-3p
expression level in HCC tissues was lower than that in
paracancer tissues (P < 0.05; Fig. 1).

Effect of inhibiting IncCRNA DRAIC expression
on the radiosensitivity of HepG2 cells

The cell survival fraction of the si-DRAIC group
decreased after irradiation at different doses (P < 0.05),
and the radiosensitization ratio was 1.725 (Fig. 2).

Effects of inhibition of IncRNA DRAIC
expression combined with 4 Gy radiation on
the proliferation and apoptosis of HepG2 cells
The proliferation inhibition and apoptosis rates of
HepG2 cells in the si-DRAIC group were higher than
those in the si-NC group. The expression levels of cyclin
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D1 and Bcl-2 in the si-DRAIC group were lower than
those in the si-NC group, whereas the expression levels
of p21, Bax, and cleaved caspase-3 in the si-DRAIC group
were higher than those in the si-NC group (P < 0.05).
Furthermore, the proliferation inhibition and apoptosis
rates of cells in the 4 Gy + si-DRAIC group were higher
than those in 4 Gy + si-NC group. The expression levels
of cyclin D1 and Bcl-2 in the 4 Gy + si-DRAIC group
were lower than those in 4 Gy + si-NC group, whereas
the expression levels of p21, Bax, and cleaved caspase-3
in the 4 Gy + si-DRAIC group were higher than those in
the 4 Gy + si-NC group (P < 0.05; Fig. 3).

LncRNA DRAIC targeted regulation
of miR-223-3p expression

starBase prediction showed that the IncRNA DRAIC
contained binding sites for miR-223-3p (Fig. 4a). The
luciferase activity of HepGZ cells co-transfected with
WT-DRAIC and miR-223-3p was lower than that of cells
co-transfected with WT-DRAIC and miR-NC (P < 0.05;
Fig. 4b). Overexpression of DRAIC decreased miR-223-
3p expression levels, inhibited DRAIC expression, and
increased miR-223-3p expression levels (P< 0.05; Fig. 4c).
The DRAIC expression level was negatively correlated
with miR-223-3p expression level in tumor and fat cancer
tissues (r=-0.528, P< 0.001; Fig. 4d).
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Effect of miR-223-3p overexpression on the
radiosensitivity of HepG2 cells

The cell survival score of the miR-223-3p group
decreased after irradiation at different doses (P < 0.05).
The radiosensitization ratio of cells was 1.701 (Fig. 5).

Effects of miR-223-3p overexpression
combined with 4 Gy irradiation on the
proliferation and apoptosis of HepG2 cells

The proliferation inhibition and apoptosis rates of
miR-223-3p group cells were higher than those of miR-
NC group cells. The expression levels of cyclin D1 and

Bcl-2 in the miR-223-3p group were lower than those
in the miR-NC group, whereas the expression levels of
p21, Bax, and cleaved caspase-3 in the miR-223-3p group
were higher than those in the miR-NC group (P < 0.05).
Furthermore, the proliferation inhibition and apoptosis
rates of cells in the 4 Gy + miR-223-3p group were higher
than those in 4 Gy + miR-NC group. The expression levels
of cyclin D1 and Bcl-2 in the 4 Gy + miR-223-3p group
were lower than those in 4 Gy + miR-NC group, whereas
the expression levels of p21, Bax, and cleaved caspase-3 in
the 4 Gy + miR-223-3p group were higher than those in
the 4 Gy + miR-NC group (P < 0.05; Fig. 6).
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Interference with miR-223-3p expression
reversed the effect of inhibiting DRAIC
expression on the radiosensitivity of HCC
HepG2 cells

After irradiation at different doses, the cell survival
score of the si-DRAIC + anti-miR-NC group was lower
than that of the si-NC group, and the radiosensitization
ratio was 1.745. In contrast, the cell survival score of
the si-DRAIC + anti-miR-223-3p group was higher
than that of the si-DRAIC + anti-miR-NC group, and
the radiosensitization ratio was 1.140. Furthermore, the
proliferation inhibition and apoptosis rates of cells in the
4 Gy + si-DRAIC + anti-miR-223-3p group were lower

than those in the 4 Gy + si-DRAIC + anti-miR-NC group.
The expression levels of cyclin D1, Bcl-2, and caspase-3
in the 4 Gy + si-DRAIC + anti-miR-223-3p group were
higher than those in the 4 Gy + si-DRAIC + anti-miR-
NC group, whereas the expression levels of p21, Bax, and
cleaved caspase-3 in the 4 Gy + si-DRAIC+ anti-miR-223-
3p group were lower than those in the 4 Gy + si-DRAIC +
anti-miR-NC group (P < 0.05; Fig. 7 and 8).

Discussion

HCC is a common malignant tumor in China, with a
high degree of malignancy, recurrence, and mortality.
The treatment methods mainly include surgery,
chemotherapy, and radiotherapy. However, the resistance
of HCC cells to radiotherapy limits its efficacy; thus,
improving the radiotherapy sensitivity of HCC cells has
important clinical significance for the treatment of HCC.
LncRNAs usually regulate gene expression, including
the transcriptional or post-transcriptional regulation
of oncogenes and tumor suppressor genes. The IncRNA
DRAIC is a novel IncRNA located at the 15Q23 position
of the human chromosome, which has been recently
reported to play an important role in the regulation of
cancer occurrence and development. Saha et al ¥ found
that the IncRNA DRAIC inhibits the activation of the
NF-xB pathway through interacting with the inhibitors
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of IxB kinase B, thereby inhibiting the proliferation and
invasion of prostate cancer cells, growth of xenograft
tumors, and progression of prostate cancer.

Deng et al"! found that the IncRNA DRAIC regulates
the expression of miR-223-3p,and the inhibited expression
can inhibit the migration and invasion of gastric cancer
cells and promote their apoptosis. Li er al'® found that
DRAIC is highly expressed in esophageal cancer tissues
and cells, and interference with DRAIC expression can
inhibit the proliferation and autophagy of liver cancer
cells. Although TCGA and RNA sequencing data have
indicated that the IncRNA DRAIC is upregulated in
HCC cells, its mechanism in HCC development has not
been clarified. In this study, the expression of DRAIC
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in HCC tissues was significantly higher than that in the
adjacent tissues (P< 0.05). After transfection with DRAIC
interference expression vector, the cell proliferation
inhibition and apoptosis rates increased. These results
indicated that inhibition of DRAIC could inhibit the
proliferation and apoptosis of HepGZ cells. The cells
transfected with DRAIC interference expression vector
were irradiated at different doses. The results showed that
the survival fraction of cells decreased, indicating that
inhibition of DRAIC expression increased the sensitivity
of cancer cells to radiation. In addition, the proliferation
inhibition and apoptosis rates of HepGZ cells were
significantly increased after transfection with DRAIC
interference expression vector combined with 4 Gy
radiation, indicating that the combination of inhibition of
DRAIC expression and irradiation had a stronger tumor
inhibition effect on HepG2 cells than interference alone.

Bioinformatic analysis of the IncRNA DRAIC was
performed to identify and verify miR-223-3p as a binding
target. The miR-223-3p presents low expression in a
variety of cancers, and its overexpression can inhibit
the proliferation and migration of a variety of cancer
cells 719 Xu et al " found that the expression of miR-

223-3p was reduced in HCC cells, and miR-223-3p can
inhibit the proliferation, migration, invasion, and other
malignant phenotypes of HCC cells through targeting the
adipocyte atypical cadherin 1. Wang er al'? showed that
miR-223-3p is underexpressed in breast cancer tissues
and its overexpression can inhibit the expression of an
oncogene in epithelial cell transformation sequence 2,
thus inhibiting the invasion and migration of breast
cancer cells and promoting cell apoptosis. Sun et al
3 also found that the expression of miR-223-3p was
decreased in oral squamous cell carcinoma tissues and cell
lines, and its overexpression inhibited the proliferation,
migration, and invasion of oral squamous cell carcinoma
cells and induced cell apoptosis. The results of this study
showed that the expression level of miR-223-3p in HCC
tissues was decreased, which was consistent with the
results of previous studies, suggesting that miR-223-3p
plays a tumor suppressive role in HCC. Dong et al [
demonstrated that miR-223-3p was downregulated in
HCC cell lines, and miR-223-3p overexpression inhibited
cell proliferation and migration and increased cisplatin
sensitivity. The results of this study also showed that miR-
223-3poverexpression alone or combined with irradiation
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increased the proliferation inhibition and apoptosis rates
of HepG2 cells, and the cell survival fraction decreased
after irradiation at different doses. These results indicated
that the overexpression of miR-223-3p could inhibit the
proliferation of HepGZ2 cells, promote apoptosis, and
increase the radiosensitivity of cells. This study also found
that the IncRNA DRAIC regulated and interfered with
miR-223-3p expression, which reversed the effects of
inhibiting DRAIC expression on HepG2 cell proliferation,
apoptosis, and radiosensitivity.

In conclusion, inhibition of the IncRNA DRAIC
expression can inhibit the proliferation of HepG2 cells,
promote apoptosis, and enhance the radiosensitivity of
cells, and the mechanism may be related to miR-223-3p.
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Abstract

Objective Immune checkpoint inhibitor (ICI) plus angiogenesis inhibitor (Al) combination therapy is a
novel treatment model for multiple cancers that normalizes vascular-immune crosstalk to potentiate cancer
immunity. In this review, we summarize the characteristics of adverse effects (AEs) and all fatal cases
reported in clinical studies involing ICI + Al therapy.

Methods Four databases were systematically searched for eligible studies, and 28 relevant studies were
selected for inclusion.

Results Of the patients included, 58.1% developed grade = 3 AEs. The most common fatal AEs were
cardiovascular events, severe infections, and hemorrhage. Compared with Al alone, ICI + Al therapy
resulted in more cases of grade = 3 proteinuria, liver injury, and fatal AEs (2.49% vs. 1.28%, P = 0.0041),
especially respiratory toxicities and severe infections; however, ICI + Al therapy reduced hematological
toxicity.

Conclusion We shared comprehensive and practical safety data to review the adverse events associated
with ICI + Al treatment.

Key words: combination therapy, immune checkpoint inhibitor, angiogenesis inhibitor, treatment-related
adverse events, systematic review, meta-analysis
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Immune checkpoint inhibitors (ICIs) are now the
cornerstones of cancer therapy, with approval for use
in 17 different cancer types 2. In clinical practice, the
main concern when choosing an ICI is the low response
rate Bl Recent studies have indicated that the efficacy
of combination therapy with ICIs and angiogenesis
inhibitors (AI) is superior to monotherapy with ICIs or
Als 81, Al therapy not only prunes blood vessels, which
are essential for cancer growth and metastasis but also
reprograms the tumor immune microenvironment 7. For
this novel therapy, whether the severity and frequency of
adverse events (AEs) are synergistic or additive is unclear.
To the best of our knowledge, the spectrum of treatment-
related adverse events (TRAESs) associated with ICI + Al
therapy has its own characteristics; however, no relevant
article has summarized them. Therefore, a systematic
review of such AE data is necessary to guide informed

decisions in clinical trials and in clinics, for both clinicians
and patients. Herein, we conducted a systematic review
and meta-analysis of the incidence of all-grade AEs, grade
> 3 AEs, and all deaths associated with ICI + Al therapy
vs. ICI or AI monotherapy to synthesize an accurate and
comprehensive toxicity profile that can help clinicians
manage patients and rapidly respond to fatal AEs.

Materials and methods

Search strategy

Relevant studies were identified using the following
electronic databases: (1) PubMed, (2) Embase, (3) Web
of Science, and (4) Cochrane library. The following
keywords were used: “Immune Checkpoint Inhibitors,”
“ipilimumab,” “tremelimumab,” “nivolumab,”

P4 Correspondence to: Liu Huang. E-mail: huangliu@tjh.tjmu.edu.cn
© 2022 Huazhong University of Science and Technology
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“pembrolizumab,” “atezolizumab,” “avelumab,”
“durvalumab,” “PD-1,” “PD-L1,” “CTLA-4,” “ICIL,”
“anti-angiogenic,” “Anti-VEGF,” “ramucirumab,”

“bevacizumab,” “TKI,” “axitinib,” and “sunitinib.” Only
studies published in English from conception of the
database to November 28, 2020, were included. Further
efforts to identify additional 29 studies included hand-
searching of reviews and reference lists as well as attempts
to contact authors. The eligibility assessment for study
selection was performed independently in a blinded,
standardized manner by two reviewers. Disagreements
between the two reviewers were resolved by discussion
and consensus.

Selection criteria

The inclusion criteria were as follows: (1) studies
based on histologically or cytologically confirmed solid
tumors, (2) studies on ICI + AI therapy, (3) studies
including reported tabulated data on TRAEs, and (4)
articles published in English. The exclusion criteria
were as follows: (1) review articles, meta-analyses, and
case reports, and (2) studies based on ICI + Al therapy in
combination with chemotherapy.

Data extraction

A data extraction form was developed a priori, two
reviewers conducted data extraction in tandem, and
the final results were reviewed by a third reviewer.
If overlapping data were identified, the most recent
or comprehensive study was included in the analysis.
Disagreements were resolved through discussions among
the three reviewers. The following information was
extracted from each study: (1) study name/clinical trial
ID; (2) author; (3) year of publication; (4) cancer type; (5)
drugs studied; (6) treatment arms; (7) trial phase; and (8)
AE data including the total number of patients affected
and incidence of all-grade AEs and grade > 3 AEs.

Quality assessment

Two investigators independently assessed the risk of
bias in the included randomized controlled trials (RCTSs)
using the Cochrane Collaboration’s tool, which includes
the following five domains: sequence generation,
allocation concealment, blinding, incomplete data, and
selective reporting. Blinding can’t be applied in studies
with specific designs (such as open-label or cross-over)
for unavoidable reasons. If such reasons were clearly
stated in the included studies, they were rated as “+.”
An RCT was judged to have a “low risk of bias,” a “high
risk of bias,” or an “unclear risk of bias” if all domains
indicated low risk, one or more domains indicated high
risk or more than three domains indicated unclear risk,
respectively.

http://otm.tjh.com.cn

Statistical analysis

The meta-analysis was conducted using Review
Manager (version 5.3, The Nordic Cochrane Center) and
the package “metafor” of the R-project (version 3.6.3).
Pooled risk ratios (RR) with 95% confidence intervals (CI)
were used to analyze the all-grade TRAEs (RR > 1 favored
the combination group; RR < 1 favored the monotherapy
group). Among the selected studies, only those containing
both combination therapy and monotherapy groups were
included in the calculation of the pooled RR, whereas all
studies were included in the calculation of the pooled
incidence of selected TRAEs. If a study included more
than one monotherapy arm, the combination arm was
compared twice with each monotherapy arm.

Results

Search results and study quality assessment

The initial database search yielded 1527 studies. After
screening (Fig. 1), 27 studies involving 5,138 patients
were included in the final analysis. Of the 27 studies, 9
were control experiments (8 RCTs; 1 retrospective study)
and 18 were single-arm experiments. The rationale for
the addition and exclusion of each study is summarized
in Fig. 1. The ICIs administered included atezolizumab
(n = 7), pembrolizumab (1 = 10), nivolumab (n = 4),
avelumab (2 = 1), and others (nn = 5). The trials involved
the treatment of renal cell carcinoma (RCC; n = 8),
hepatocellular carcinoma (HCC; n = 3), ovarian cancer (n
= 3), cervical cancer (n = 2), other cancers (n = 8), and
mixed cancer types (1= 3; Table 1).

Overall, the risk of bias across studies was relatively
low; one abstract and one retrospective study were rated
as having a high risk of bias. The funnel plot analysis
didn’t indicate any evident risk of publication bias for all-
grade AEs and grade > 3 AEs.

Pooled incidence of TRAEs in the ICI + AI
and AI groups

Collectively, 27 studies (including 9 RCTs and 18
single-arm studies involving ICI + AI, AI, and ICI
regimens) reported more than 100 different types of
AEs. Overall, 4,970 (96.7%) of 5,138 patients patients
ICI + AT [3052 (97.0%) of 3,146 patients], Al [1,724
(98.5%) of 1,751 patients], and ICI [194 (80.5%) of 241
patients)] from the 27 studies developed at least one AE
of any grade, and 2,964 (58.1%) of 5,102 patients ICI + AI
[1783 (56.8%) of 3140 patients], Al [1127 (64.4%) of 1751
patients], and ICI [54 (25.6%) of 211 patients] from 27
studies developed at least one AE of grade > 3.

For the meta-analysis, we focused on AEs that were
reported by at least 10% of the studies or were likely to be
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Fig. 1 Database search and study selection

TRAEs. Using these criteria, we focused on 58 AEs, which
included the most clinically relevant AEs commonly seen
in practice. The overall mean incidence of all-grade AEs
in the ICI + ATand Al groups were 96.0% (95% CI: 94.2%—
97.8%) and 98.8% (95% CI: 97.8%-99.7%), respectively,
and the mean incidence of grade > 3 AEs was higher in
the AI group (53.9%; 95% CI: 47.4%-60.4%) than in the
ICI + AI group (63.3%; 95% CI: 55.8%—70.7%). However,
no significant difference in the risk of all-grade AEs and
grade > 3 AEs were observed between the two groups.

Common categories of AEs (grade = 3)
associated with ICI + AI and AI therapies
Clinicians are usually more concerned about common
serious AFEs; thus, we listed the top five grade > 3 AEs
sorted by different systems in Table 2. In the ICI + Al
group, >10% of the AEs were hypertension (18.4%; 95%
CI: 14.3%-22.5%), and 5%-10% AEs were rash (9.6%;
95% CI: 6.4%-12.9%), pruritus (6.9%; 95% CI: 2.8%-
11%), decreased platelet count (5.6%; 95% CI: 3.40%-—
7.8%). Other life-threatening AEs were severe diarrhea
(4.4%; 95% CI: 2.9%-5.8%), gastrointestinal hemorrhage
(1.8%; 95% CI: 1.0%—4.2%), adrenal insufficiency (2.0%;
95% CI: 0.5%-3.5%), pulmonary embolism (2.1%; 95%
CI: 0.7%-3.5%), and cerebrovascular accident (2.0%;
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95% CI: 0.2%-3.9%). Severely abnormal biochemical
indicators were increased lipase levels (5.5%; 95% CI:
2.6%-8.3%), alanine aminotransferase (ALT) elevation
(5.4%; 95% CI: 3.5%-7.3%), and creatine kinase elevation
(5.3%; 95% CI: 0.70%-9.9%), indicating pancreatic, liver,
and cardiac damage, respectively.

In the AI group, >10% of the AEs were hypertension
(16.7%; 95% CI: 14.3%-19.2%), 5%-9% AEs were
decreased platelet counts (7.6%; 95% CI: 2.4%-12.9%),
palmar-plantar erythrodysesthesia syndrome (PPE)
(6.0%; 95% CI: 3.5%-8.6%), and anemia (5.7%; 95% CI:
3.5%—7.8%). Severely abnormal biochemical indicators
were aspartate aminotransferase (AST) elevation (2.5%;
95% CI: 1.3%-3.6%) and ALT elevation (2.3%; 95% CI:
1.4%-3.3%), indicating liver injury.

Characteristics and incidence of fatal AEs
(grade 5) in the ICI + AI and AI groups

(1) Eleven studies, including 2,991 patients, reported
fatal AEs in the ICI + Al group, with a total of 57 deaths.
The overall incidence of fatal AEs was 2.50% (57/2291).
As shown in Table 3, fatal hemorrhage at any site [n =13
(0.57%)], cardiovascular toxicities [ = 12 (0.52%)], and
severe infection [12= 10 (0.44%)] accounted for more than
half of the fatal AEs. Other important fatal AEs included
respiratory, gastrointestinal, and hepatic toxicities, such
as pneumonitis [n = 6 (0.26%)], ulcer perforation [n = 4
(0.17%)], and hepatic injury [n = 4 (0.17%)]. Myasthenia
gravis and adrenal insufficiency led to 6 (0.26%) and 1
death, respectively.

(2) Inthe Al group, 5 studies reported at least 1 fatal AE,
with a total of 20 reported deaths. The overall incidence of
fatal AEs was 1.28% (20 of 1,566). The most common cause
of fatal AEs in the Al group was cardiovascular toxicity
[n =8 (0.51%)], including cardiac arrest [n = 3 (0.19%))
and sudden death [ = 3 (0.19%)]; and hepatic toxicities
and hemorrhage were both observed in 4 [0.26%] cases;
together accounting for 80% of fatal AEs. Sudden death
and cardiac arrest are common causes of medical disputes
in China and thus need attention. Informing about the
risk in advance rather than acting after its occurrence
usually helps reduce medical disputes. As shown in Table
3, the ICI + AI group had a significantly higher risk of
fatal AEs than the AI group [57 (2.50%) vs. 20 (1.28%), P
= 0.0041], especially with regard to respiratory toxicities
[8 (0.35%) vs. 1 (0.06%), P = 0.04] and severe infection
[10 (0.44%) vs. 0 (0.00%), P < 0.01].

The total number of fatal AEs in the ICI + Al group (n
=59) was slightly higher than the total number of deaths
(n = 57); the percentage values were calculated from 57.
One study % reported four treatment-related deaths
that occurred in 451 patients (one patient had cerebral
infarction, one patient had adrenal insufficiency and
hypotension, one patient had multiple organ dysfunction
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Table 1 Study characteristics
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Study ~ NCT number  Phase Cancer Treatment arm Monc;trr::rapy Patients (n) Ngr;%zr ::;2"' g’;‘: dn;b:;a ,rA(I)Efs
[8]  IMmotion150 I RCC datezolizumab+bevacizumab esunitinib 101/100 101/99 67/71
[8]  IMmotion150 I RCC “atezolizumab+bevacizumab  *tezolizumab ~ 101/103 101/101 67/43
[91 NCT02684006 Ib RCC cavelumab+axitinib bsunitinib 434/439 432/436 309/314
[10] NCT02420821 1l RCC 3atezolizumab+bevacizumab bsunitinib 451/446 411/429 187/245
[11] NCT02853331 1l RCC dpembrolizumab-+axitinib bsunitinib 429/425 4221423 325/300
[12] - - LUAD ICl +Al Al 25/49 23/39 3/3
[13] NCT03434379 1l HCC datezolizumab+bevacizumab esorafenib 329/156 323/154 201/95
[14] NCT02337491 I glioblastoma  pembrolizumab+bevacizumab pembrolizumab  50/30 50/30 -
[15] ORIENT-32 1l HCC 9sintilimab+bevacizumab °sorafenib 380/185 376/181 217/93
[16] NCT02715531 1B HCC datezolizumab+bevacizumab  atezolizumab 60/58 57152 41/24
[16] NCT02715531 1B HCC atezolizumab+bevacizumab None 104 91 55
[17] - - glioblastoma ipilimumab+bevacizumab None 20 20 7
[18] CheckMate 016 | RCC nivolumab+sunitinib None 33 33 27
[18] CheckMate 016 | RCC nivolumab+pazopanib None 20 20 14
[19] NCT02133742 Ib RCC pembrolizumab+axitinib None 52 52 34
[20] NCT02443324 la/b mixed pembrolizumab+ramucirumab None 92 75 22
[21] NCT02501096 Il endometrial cancer pembrolizumab+lenvatinib None 53 51 36
[22] NCT02636725 I sarcomas pembrolizumab-+axitinib None 33 33 13
[23] NCT02873962 I ovarian cancer  nivolumab+bevacizumab None 38 34 9
[24] NCT02921269 I cervical cancer  atezolizumab+bevacizumab None 1" 11 4
[25] NCT02821000 1b melanoma toripalimab+axitinib None 33 32 13
[26] - 1/l mixed pembrolizumab+lenvatinib None 137 133 94
[27] NCT03136627 Ib RCC nivolumab+tivozanib None 25 25 20
[28] EPOC1706 Il gastric cancer  pembrolizumab+lenvatinib None 29 29 14
[29] NCT02496208 | urothelial carcinoma nivolumab+cabozantinib None 24 24 18
[30] BTCRC-GU14-003 Ib/ll RCC pembrolizumab+bevacizumab None 60 60 27
[31] - I cervical cancer  camrelizumab+apatinib None 45 43 32
[32] NCT01633970 Ib ovarian cancer  atezolizumab+bevacizumab None 20 19 7
[33] NCT02853318 Il ovarian cancer  pembrolizumab+bevacizumab None 40 33 13
[34] NCT02942329 Ib mixed SHR-1210+apatinib None 33 - -

2 atezolizumab 1200mg + bevacizumab 15mg/kg; ° sunitinib 50mg; ¢ avelumab 10mg/kg + axitinib 5mg; ¢ pembrolizumab 200mg + axitinib 5mg;
¢ sorafenib 400mg; f pembrolizumab + bevacizumab; ¢ sintilimab 200mg + bevacizumab 15mg/kg; LUAD: lung adenocarcinoma cells

syndrome and post-radiation ulcer with cecum
perforation, and one patient had sepsis and pneumonia).
The total number of fatal AEs in the Al group was 20; the
percentage values were calculated from 20.

Characteristics and risk of all-grade and grade
= 3 TRAEs in the ICI + Al versus Al groups in
RCT studies

The meta-analysis included nine studies based on all-
grade AEs, grade > 3 AEs, fatal AEs, and dose modifications/
interruptions. Of these, five studies compared the ICI + Al
group with the Al group, three studies compared the ICI
+ Al group with the ICI group, and one study compared
the ICI + Al group with both the Al and ICI groups.

The ICI + AI group had a higher risk in grade > 3
TRAEs [RR, 1.70; (95%CI: 1.33-2.18)] (Fig. 3b) than the

ICI group. However, compared to the Al group, the ICI +
Al group showed no significant differences in the risk of
all-grade [RR, 0.90; (95%CI: 0.97-1.01)] (Fig. 2a), grade
> 3 [RR, 1.00; (95%CI: 0.89-1.13)] (Fig. 3a) and fatal AEs
[RR, 0.96; (95%CI: 0.59-1.58)] (Fig. 4). Compared to the
ICI group, the ICI + Al group also showed no significant
differences in the risk of all-grade [RR, 1.12; (95%CI:
0.94-1.32)] (Fig.2b). The ICI + AI group had similar
incidences of drug discontinuation and dose modification
to the AI group (RR, 1.47; 95% CI: 0.89-2.43), (RR, 0.92;
95% CI: 0.65-1.31) (Fig. 5a and 5b).

In other words, compared with Al, adding ICI to Al
didn’t increase the total incidence of AEs. However,
analysis of the top 20 reported AEs (hypertension, fatigue,
diarrhea, PPE, decreased platelet count, decreased
appetite, dyspepsia, pruritis, proteinuria, hypothyroidism,
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Table 2 Incidences of the most common grade = 3 adverse events in Table 3 Cases and fatality rates of treatment-related deaths in clinical
the ICI + Al vs Al groups trials of ICI + Al and Al groups
ICI + Al Al Number (%)
Outcome Cause of death
Incidence (95% CI) Incidence (95% Cl) 5'7C'(2+ fg') 2 (A}I.zs) (';_‘(’)g"‘l’f)
General Respiratory 8(0.35) 1(0.06) 0.04
Fatigue 0.039 (0.025-0.052) 0.045 (0.031-0.058) Pneumonia 6(0.26) 1(0.06) 0.08
Weight loss 0.028 (0.019-0.037) 0.004 (0.002-0.007) Respiratory distress 1(0.04) 0(0.00) 0.20
Fever 0.014 (0.004-0.025) - Respiratory failure 1(0.04) 0(0.00) 0.20
Asthenia 0.013 (0.001-0.025) 0.029 (0.019-0.040)  Cardiovascular 12(0.52) 8(0.51) 0.48
Decreased appetite 0.012 (0.006-0.018) 0.013 (0.004-0.022) Sudden death 4(017) 3(0.19) 045
Gastrointestinal Cardiac arrest 2(0.09) 3(0.19) 0.19
Diarrhea 0.044 (0.029-0.058) 0.039 (0.028-0.049) Myocarditis 2(0.09) 0(0.00) 0.12
Gastrointestinal hemorrhage 0.018 (0.001-0.042) - Myocardial infarction 1(0.04) 1(0.06) 0.39
Colitis 0.013 (0.004-0.022) - Hypotension 1(0.04) 0(0.00) 0.20
Vomiting 0.010(0.001-0.019) 0.011 (0.005-0.016) Thromboembolic event 1(0.04) 0(0.00) 0.20
Stomatitis 0.008 (0.004-0.013) 0.016 (0.007-0.025) Heart failure 0(0.00) 1(0.06) 0.11
Nausea 0.007 (0.002-0.012) 0.007 (0.001-0.013) Hemorrhage 13(0.57) 4(0.26) 0.08
Cutaneous Gastrointestinal hemorrhage 6(0.26) 1(0.06) 0.08
Rash 0.096 (0.064-0.129) 0.005 (0.001-0.009) Intracranial hemorrhage 4(0.17) 2(0.13) 0.36
Pruritis 0.069 (0.028-0.110) - Pulmonary hemorrhage 1(0.04) 0(0.00) 0.20
PPE 0.044 (0.032-0.055) 0.060 (0.035-0.086) Esophageal varices hemorrhage 1(0.04) 0(0.00) 0.20
Mucosal inflammation 0.006 (0.001-0.013) - Hematemesis 1(0.04) 0(0.00) 0.20
Endocrine dysfunction Peritoneal hemorrhage 0(0.00) 1(0.06) 0.11
Proteinuria 0.037 (0.025-0.048) 0.007 (0.002-0.012) Gastrointestinal 6(0.26) 1(0.06) 0.08
Adrenal insufficiency 0.020 (0.005-0.035) - Ulcer perforation 4(0.17) 1(0.06) 0.17
Hyperthyroidism 0.006 (0.002-0.014) - Necrotizing pancreatitis 1(0.04) 0(0.00) 0.20
Hypothyroidism 0.003 (0.001-0.005) 0.004 (0.001-0.009) Bowel obstruction 1(0.04) 0(0.00) 0.20
Pain Hepatic 8(0.35) 4(0.26) 0.30
Myalgia 0.024 (0.001-0.057) - Liver injury 4(0.17) 2(0.13) 0.36
Headache 0.022 (0.003-0.041) - Hepatic cirrhosis 2(0.09) 2(0.13) 0.35
Abdominal pain 0.014 (0.008-0.020) 0.013 (0.001-0.017) Hepatic failure 2(0.09) 0(0.00) 0.12
Arthralgia 0.012 (0.007-0.018) 0.004 (0.001-0.007) Cerebrovascular 1(0.04) 0(0.00) 0.20
Oral pain 0.009 (0.006-0.041) - Cerebral infarction 1(0.04) 0(0.00) 0.20
Respiratory Sever infectious 10 (0.44) 0(0.00) <0.01
Pulmonary embolism 0.021 (0.007-0.035) - Sepsis 5(0.22) 0(0.00) 0.03
Dyspnea 0.011 (0.001-0.026) - Bacterial peritonitis 2(0.09) 0(0.00) 0.12
Cough 0.010 (0.002-0.018) - Empyema 1(0.04) 0(0.00) 0.20
Pneumonia 0.010 (0.004-0.017) - Necrotizing fasciitis 1(0.04) 0(0.00) 0.20
Dysphonia 0.003 (0.001-0.007) - Bacteremia 1(0.04) 0(0.00) 0.20
Cardiovascular Other 3(0.13) 2(0.13) 049
Hypertension 0.184 (0.143-0.225) 0.167 (0.143-0.192) Myasthenia gravis 1(0.04) 0(0.00) 0.20
Cerebrovascular accident  0.020 (0.002-0.039) - Adrenal insufficiency 1(0.04) 0(0.00) 0.20
Hematologic MODS 1(0.04) 0(0.00) 0.20
Decreased platelet count  0.056 (0.340-0.078) 0.076 (0.024-0.129) General physical health deterioration 0 (0.00) 1(0.06)  0.11
Leukopenia 0.030 (0.005-0.055) - Malignant neoplasm progression 0(0.00) 1(0.06) 0.11
Anemia 0.016 (0.006-0.026) 0.057 (0.035-0.078)
Neutropenia 0.010 (0.002-0.021) 0.010 (0.002-0.021) ~ stomatitis, arthralgia, mucosal inflammation, rash,

Biochemical abnormalities
Increased lipase
ALT elevation
Creatine kinase elevation
AST elevation
GGT elevation

0.055 (0.026-0.083) -
0.054 (0.035-0.073) 0.023 (0.014-0.033)
0.053 (0.007-0.099) -
( )
( )

0.047 (0.029-0.064) 0.025 (0.013-0.036)
0.040 (0.001-0.086

elevated liver enzymes, dysphonia, anemia, constipation,
headache, neutropenia), revealed differences between
them. When ICI was added to Al, some AEs increased in
line with our speculation; however, other AEs decreased
beyond our expectations. (1) For all-grade AEs, ICI + Al
group displayed significantly higher rates of dysphonia
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Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total  Events  Total Weight M-H, Random, 95% ClI M-H, Random, 95% Cl
David1 101 101 99 100 15.3% 1.01[0.98, 1.04] —re—
Finn 323 329 154 156 16.9% 0.99[0.97, 1.02] —
Motzer 432 434 436 439 21.3% 1.00[0.99, 1.01] -
Rinia 411 451 429 446 13.0% 0.95[0.92, 0.98] —
Rinib 413 429 415 425 16.7% 0.99[0.96, 1.01] —a
Zhengguang 376 380 181 185 16.7% 1.01[0.99, 1.04] ———
Total (95% Cl) 2124 1751 100.0% 0.99[0.97, 1.01] <P
Total events 2056 1714
Heterogeneity: Tau?=0.00; Chi?=22.55, df=5 (P=0.0004); 1>=78% | | |
Test for overall effect: Z=0.67 (P=0.50) 0.85 0.9 1 1.1
Combination Al
° Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total  Weight M-H, Random, 95% ClI M-H, Random, 95% ClI
David2 101 101 101 103 31.9% 1.02[0.99, 1.05]
Di huang 23 25 39 49  23.4% 1.16 [0.96, 1.39]
Lee 41 60 24 59  13.3% 1.68[1.18, 2.39] —
Nayak 50 50 30 30 31.3% 1.00[0.95, 1.05]
Total (95% Cl) 236 241 100.0% 1.12[0.94, 1.32]
Total events 215 194
Heterogeneity: Tau?=0.02; Chi?>=53.22, df=3 (P=0.00001); I°=94% ) ) )
Test for overall effect: Z=1.27 (P=0.20) 02 05 1 2

Combination ICI

Fig.2 Risk of all-grade AEs in combination therapy vs. monotherapy (a) show all-grade AEs in combination therapy vs. Al therapy. (b) show all-grade

AEs in combination therapy vs. ICI therapy.

“

Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% Cl
David1 60 101 42 100 9.9% 1.41[1.07,1.87] —
Finn 211 329 95 156 16.5% 1.05[0.91, 1.22] ——
Motzer 309 434 314 439  20.1% 1.00[0.92, 1.08] —a—
Rinia 187 451 245 446  17.2% 0.75[0.66, 0.87] ——
Rinib 325 429 300 425 20.2% 1.07 [0.99, 1.16] T
Zhengguang 217 380 93 158  16.1% 0.97[0.83, 1.13] —
Total (95% Cl) 2124 1724 100.0% 1.00[0.89, 1.13] ‘
Total events 1309 1089
Heterogeneity: Tau?=0.02; Chi’>=25.85, df=5 (P<0.0001); >=81% ) ) )
Test for overall effect: Z=0.05 (P=0.96) 05 0.7 1 15

Combination Al

b

Experimental Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% Cl
David2 67 101 43 103 85.7% 1.59[1.22, 2.08]
Di huang 3 25 3 49 2.6% 1.96 [0.43, 9.02] — ]
Lee 22 60 8 59  11.6% 2.70[1.31,5.58] —
Total (95% Cl) 186 211 100.0% 1.70[1.33, 2.18] ‘
Total events 92 54
Heterogeneity: Tau?=0.00; Chi?=1.97, df=2 (P=0.37); 1>=0% \ \ .
Test for overall effect: Z=4.20 (P<0.0001) 0.05 0.2 1 5

Combination ICI

Fig. 3 Risk of grade = 3 AEs in combination vs monotherapy (a) show grade = 3 AEs in combination therapy vs. Al therapy. (b) show grade = 3 AEs

in combination therapy vs. ICI therapy
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Experimental Control Risk ratio Risk ratio

Study or subgroup Events Total  Events Total ~ Weight  M-H, Random, 95% Cl M-H, Random, 95% ClI

David1 3 101 2 100 7.9% 1.49[0.25, 8.70]

Finn 15 329 9 156 38.1% 0.79[0.35, 1.77] —l—

Motzer 3 434 1 439 4.8% 3.03[0.32, 29.06] I I —

Rinia 5 451 1 446 5.4% 4.94[0.58, 42.15] I —

Rinib 5 429 7 425 19.0% 0.71[0.23, 2.21] I

Zhengguang 10 380 6 185  24.8% 0.81[0.30, 2.20] —

Total (95% Cl) 2124 1751 100.0% 0.96 [0.59, 1.58] <o

Total events 41 26

Heterogeneity: Tau?=0.00; Chi?=4.15, df=5 (P=0.53); I’=0% ) ) )

Test for overall effect: Z=0.14 (P=0.89) 0.002 0.1 1 10

Combination Al

Fig. 4 Risk of treatment-related deaths in combination therapy vs. monotherapy

(21.90% vs 3.40%; 95% CI. 2.86-12.46, P < 0.001),
proteinuria (20.40% wvs 7.90%; 95% CI: 1.67-4.80, P =
0.0001), pruritis (17.00% vs6.00%; 95% CI: 2.18-3.40, P<
0.001), arthralgia (18.40% vs 8.00%; 95% CI: 1.72-3.17, P
<0.001), ALT elevation (19.70% vs 12.50%; 95% CI: 1.35—
2.01, P< 0.001), AST elevation (20.10% vs 14.40%; 95%
CI: 1.12-1.69, P = 0.002), fatigue (33.6% vs 27.3%; 95%
CI: 1.02-1.64, P= 0.04), and headache (16.8% vs 13.7%;
95% CI: 1.01-1.52, P = 0.04). In contrast, the ICI + Al
group reported lower rates of PPE (16.6% vs 35.9%; 95%
CI: 0.08-0.50, P < 0.0006), neutropenia (1.2% vs 16.6%;
95% CI: 0.05-0.13, P < 0.001), decreased platelet counts
(4.9% wvs 15.5%; 95% CI: 0.09-0.97, P = 0.04), anemia
(5.7% vs 20.4%; 95% CI: 0.22-0.36, P < 0.001), mucosal
inflammation (12.1% wvs 22.0%; 95% CI: 0.32-0.92, P =
0.02), stomatitis (15.9% vs 22.4%; 95% CI: 0.44-0.99, P =
0.04) and dyspepsia (5.1% vs 16.6%; 95% CI: 0.16-0.53, P
<0.001). (2) For grade = 3 AEs, the ICI + Al group induced
significantly higher rates of proteinuria (3.0% vs 0.9%;
95% CI: 1.42-7.18, P = 0.005) and liver enzymes (ALT
elevation (8.0% vs 2.5%; 95% CI: 2.17-5.12, P < 0.001)
and AST elevation (5.9% vs 2.6%; 95% CI: 1.29-3.20, P=
0.002)) but had lower rates of fatigue (2.4% vs 4.4%; 95%
CI: 032-0.93, P = 0.03), neutropenia (0.3% vs 6.1%; 95%
CI: 0.02-0.16, P < 0.001), anemia (0.8% vs 5.8%; 95% CI:
0.08-0.30, P< 0.001), and decreased platelet count (0.3%
vs 24.5%; 95% CI: 0.02-0.21, P< 0.001) (Table 4).

Discussion

The overall response rate to ICI remains suboptimal
Bl. AI drugs have been shown to synergize with ICIs
in multiple cancers. However, TRAEs resulting from
the combination of these two modalities aren’t fully
understood. Although the toxicity profile of this new
treatment is favorable, a unique set of AEs including
fatal hemorrhage, liver injury, severe infection, and
pneumonitis has been observed. To help clinicians

better understand the safety data of ICI + Al therapy and
learn more about the toxicity of this new regimen, we
conducted this systematic review and meta-analysis. To
the best of our knowledge, our meta-analysis is the largest
and most comprehensive study on the TRAEs associated
with ICI + Al therapy.

Compared with traditional chemotherapy, Al or ICI +
Al treatment has shown advantages in safety and efficacy
in many cancer types [ 16183531 However, more than
90% of patients suffered all-grade AEs, and grade > 3 AEs
were reported in more than 50% of cancer patients. From
the standpoint of patients and clinicians, we cannot ignore
TRAEs and should pay attention to toxicity monitoring
and control.

In the analysis of the top 20 reported all-grade AEs, we
observed that adding ICI to Al increased the incidence
rates of proteinuria, liver injury, dysphonia, pruritis,
arthralgia, fatigue, and headache. This reminds clinicians
of the following when using ICI + Al therapy: (1) For
symptoms that may lead to serious organ injury and
adverse clinical outcomes, such as proteinuria (20.40%),
liver injury [AST elevation (20.10%)], and ALT elevation
(19.70%), monitoring of these AEs and medication
optimization are suggested. (2) Symptoms that may affect
a patient’s quality of life, such as dysphonia (increased
from 3% to 22%), pruritus (increased from 6% to 17%),
arthralgia (increased from 8% to 18%), fatigue (increased
from 27% to 33%), and headache (increased from 13% to
16%), should be shared with patients before they accept
ICI + AI treatment, and symptomatic treatment and
management need to be strengthened during treatment
Bl. Interestingly, compared to the AI group, the ICI +
Al group had lower rates of PPE, hematologic toxicity
(neutropenia, decreased platelet counts, anemia), mucosal
inflammation, and stomatitis. The mechanisms involved
are currently unclear, probably because in the ICI + Al
group, Als (such as bevacizumab and axitinib) ¢ had
lower blood, skin, and mucosal toxicities than those used
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Table 4 Significantly different adverse effects (all-grade and grade = 3) associated with ICI + Al vs Al

Heterogeneity
ltems ICI + Al group (event/total) Al group (event/total) RR (95% ClI) P value
12 (%) P value

All-grade adverse effects
Dysphonia 288/1314 44/1310 5.97 (2.86-12.46) <0.001 82 0.004
Proteinuria 267/1310 89/1127 2.83 (1.67-4.80) 0.0001 78 0.004
Pruritis 297/1744 94/1566 2.72 (2.18-3.40) <0.001 0 0.42
Arthralgia 261/1415 113/1410 2.34 (1.72-3.17) <0.001 51 0.11
ALT elevation 235/1192 128/1020 1.65 (1.35-2.01) <0.001 0 0.72
AST elevation 239/1192 147/1020 1.38 (1.12-1.69) 0.002 14 0.31
Fatigue 79/235 66/242 1.29 (1.02-1.64) 0.04 0 0.59
Headache 238/1415 193/1410 1.24 (1.01-1.52) 0.04 23 0.07
PPE 290/1744 562/1566 0.20 (0.08-0.50) 0.0006 97 <0.001
Mucosal inflammation 17111415 310/1410 0.54 (0.32-0.92) 0.02 88 <0.001
Neutropenia 16/1314 218/1310 0.08 (0.05-0.13) <0.001 0 0.48
Decreased platelet count 59/1192 158/1020 0.29 (0.09-0.97) 0.04 92 <0.001
Anemia 7511314 267/1310 0.28 (0.22-0.36) <0.001 0 0.42
Stomatitis 225/1415 316/14410 0.66 (0.44-0.99) 0.04 83 0.0005
Dyspepsia 67/1314 21711310 0.29 (0.16-0.53) <0.001 78 0.01
Grade 3 adverse effects

Proteinuria 36/1209 9/1027 3.19 (1.42-7.18) 0.005 9 0.33

ALT elevation 95/1192 26/1020 3.33(2.17-5.12) <0.001 0 0.42

AST elevation 70/1192 27/1020 2.03 (1.29-3.20) 0.002 7 0.34

Fatigue 41/1744 69/1566 0.55 (0.32-0.93) 0.03 41 0.16

Neutropenia 4/1314 80/1310 0.06 (0.02-0.16) <0.001 0 0.43

Anemia 1111314 76/1310 0.16 (0.08-0.30) <0.001 0 0.46

Decreased platelet count 4/1314 76/1310 0.07 (0.02-0.21) <0.001 13 0.32

in the AT group (such as sunitinib and sorafenib) >3], as
shown in Table 1.

This meta-analysis showed that the ICI + Al group had
a significantly higher risk of fatal AEs than the Al group,
especially for respiratory toxicities and severe infections.
Moreover, cardiovascular events, hemorrhage, and liver
injury were the most common fatal AEs in both groups.
Based on our results, we suggest that (1) for both ICI
+ Al and AI groups, clinicians need to closely monitor
the symptoms or signs associated with hemorrhage,
blood pressure (BP), ECG recordings, and liver function
of patients; (2) for the ICI + AI group, clinicians need
additional monitoring of symptoms or signs associated
with respiratory system toxicity (e.g., dyspnea, dyspnea,
and cough) P’ and indices of severe infection (such as
C-reactive protein, procalcitonin, blood lactate, and index
of fungal infection) “%. Such knowledge is essential for
identifying potentially fatal AEs, and early recognition
and prompt treatment of fatal AEs are warranted;
and (3) some fatal AEs, such as adrenal insufficiency,
necrotizing pancreatitis, myasthenia gravis, cardiac arrest,
thromboembolic events, and myocarditis, are relatively
rare and tend to be overlooked by clinicians. If clinicians

can keep these rare fatal AEs in mind, the rate of missed
diagnoses can be reduced.

Moreover, what is particularly interesting is that the
incidence of severe infections in the ICI + Al group
was significantly higher than that in the AI group. We
speculated that PD1/PDL1 inhibitors activate immune
killer cells, which is beneficial for anti-tumor therapy;
however, activation of the immune system may amplify
microorganisms associated with immune damage. For
example, vaccination of patients with COVID-19 with
cancer will cause CRS, a vaccine-related adverse event,
and anti-PD1 blockade is a potential contributor 1.

This study had some limitations. First, in RCTs, the
Als used in the ICI + AI group were different from those
used in the AI group, which may have influenced the
comparison results. Furthermore, the type of cancer was
limited in the present study, and it is uncertain whether
the results are consistent with those of other cancer types.
Finally, although the number of cases was large, it was not
sufficient to represent the real world and special patients.
It is necessary to continue follow-up research reports to
further improve ICI + Al adverse reaction cognition.
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Conclusion

Clinicians should pay close attention to monitoring
AEs associated with ICI + Al treatment. Understanding
the characteristics of severe or fatal AEs is necessary
because prompt diagnosis and optimal treatment of severe
AEs are important to improve patient survival.
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Abstract

A 57 year-old male patient was found to have a lesion in the middle lobe of his right lung using chest

computed tomography (CT). Tumor cells were detected, and surgical excision was performed. The
patient was diagnosed with mixed large cell neuroendocrine carcinoma, and underwent six cycles of a
chemotherapy regimen comprising etoposide combined with cisplatin. Genetic testing revealed an EGFR
mutation, which prompted oxitinib-targeted therapy. To date, no signs of recurrence or metastasis have

been reported.
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Case presentation

A 57 year-old male patient presenting in our hospital
(the Sixth People’s Hospital of Chengdu, China) in
December 2020 was found to have a lesion (approximately
3.1 cm x 2.8 cm) in the middle lobe of his right lung using
chest computed tomography (CT) (Fig. 1), with no cough,
sputum, hemoptysis, or chest pain.

For further treatment, in January 2021, he was
admitted to Sichuan Provincial Cancer Hospital, China,
where enhanced CT of chest and abdomen revealed a soft
tissue mass measuring 3.2 cm x 2.9 cm x 2.6 cm located
in the middle lobe of the right lung, and suspected to be
carcinoma. Metastases were not observed in lymph nodes
or at distant sites. Enhanced magnetic resonance imaging
of the head and bone scintigraphy revealed no signs of
metastasis, while fibrobronchoscopic biopsy revealed the
presence of tumor cells.

On January 19, 2021, radical resection of a right
middle lobe carcinoma, including systematic lymph node
dissection was performed to diagnose non-metastatic
lung cancer and exclude surgical contraindications.
Postoperative pathology revealed a macroscopic tumor
size of 2.5 cm x 2.2 cm x 2 cm (Fig. 2). The tumor was
hard and grey-white or grey-brown in color. Histological
examination revealed a malignant tumor with some
areas of adenoid structure, and a solid arrangement.

Immunohistochemical analysis of the primary tumor
showed CK7 (+), TTF-1 (=), NapsinA (=), Syn (few+),
CgA (few+), P40 (-), ALK-V (-), ROS1 (-), BRAF V600E
(-), and Ki67 (dense areas, 70%-+). Combining histologic
morphology and immunohistochemistry supported a
diagnosis of mixed small cell carcinoma. Approximately
90% of this tissue was adenocarcinoma (mainly acinar
type) and 10% was small cell neuroendocrine carcinoma.
Histopathologic grading was scored as visceral pleura (+),
bronchial margin (-), vascular margin (-), intravascular
tumor plug (-), and airway spread (). Lymph node

Fig.1 Chest computed tomography shows that lesion is located in right
lung middle lobe
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Fig.2 Postoperative pathology shows that tumor cells (HE x40)

metastasis was present in the second and fourth group
lymph nodes (1/2), seventh group lymph nodes (2/5), a
tenth group lymph node (1/1), and a bronchial root lymph
node (1/1). The pathological stages were pT2N2MO and
IITA. Genetic testing revealed an EGFR exon 21 mutation
(L858R). Paraffinized tissue sent to the West China
Hospital (Chengdu, China) for pathological consultation
diagnosed as mixed large cell neuroendocrine carcinoma,
with the adenocarcinoma component accounting for
90% of the mass. Large cell neuroendocrine carcinoma
accounted for approximately 10% of the mass. Metastatic
carcinoma was found in all lymph node sections.
Immunophenotypic results suggested adenocarcinoma
component metastasis.

After excluding chemotherapy contraindications,
six cycles of etoposide combined with cisplatin
chemotherapy (etoposide 160 mg ivgtt d1-3 + cisplatin
40 mg ivgtt d1-3) were administered from March 2021
to August 2021. Grade III myelosuppression occurred
during chemotherapy and was enhanced by leukocyte
promotion therapy. CT reexamination after completing
chemotherapy showed no signs of tumor recurrence or
metastasis.

In September 2021, the patient began taking
oxitinib (Astrazeneca, trade name Terissa) 80 mg po
qd. Skin rashes appeared on his face after one month of
oxitinib administration. This condition improved upon
symptomatic treatment without serious adverse reactions.

To date, the patient has had no signs of tumor
recurrence or metastasis.

Discussion

Pulmonary large-cell neuroendocrine carcinoma
(PLCNEC) is a rare type of non-small cell lung carcinoma
characterized by high malignancy and poor prognosis,
accounting for approximately 3% 2 of lung carcinomas.
Most patients are already in an advanced stage at time
of initial diagnosis. Due to lack of large cohort clinical

http://otm.tjh.com.cn

studies, the current treatment remains controversial >4,

Surgical resection is the main treatment for PLCNEC
and achieves improved prognosis in early-stage patients
B ¢l Postoperative adjuvant chemotherapy can reduce
the recurrence rate in patients with stage II disease or
above U7l Some studies have found that the efficacy of
platinum-containing chemotherapy regimens is better
than that of platinum-free chemotherapy. Thus, the
etoposide-platinum regimen currently seems to be the
better choice ®°. Most scholars currently recommend
etoposide combined with a platinum regimen as the
first-line chemotherapy for patients with PLCNEC. The
therapeutic efficacy of radiotherapy for patients with
PLCNEC is unclear. However, it may prolong the overall
survival of patients who were unsuitable for surgery, had
postoperative residual lesions, or were in an advanced
stage (10111, PLCNEC patients with EGFR mutation have
shown good responses to EGFR-tyrosine kinase inhibitors
[1213] Since gene mutations are extremely rare in patients
with PLCNEC, their clinical value requires further
study. Some studies have found that the expression
of programmed cell death-ligand 1 can be detected in
patients with PLCNEC, suggesting that immunotherapy
may be effective 1415,

Mixed pulmonary large cell neuroendocrine
carcinoma with high malignancy had a worse prognosis
than PLCNEC in our study, and was characterized by
large cell neuroendocrine carcinoma in some regions and
adenocarcinoma in other regions. Its treatment is still in
an exploratory stage. The patient in our case study was a
middle-aged male diagnosed with pulmonary large cell
neuroendocrine carcinoma with adenocarcinoma stage
III. He was actively treated with surgical resection and
etoposide combined with a platinum chemotherapy
regimen. Genetic testing revealed an EGFR mutation
which prompted oxitinib-targeted therapy. The patient
is still under close follow-up, with no signs of tumor
recurrence or metastasis; therefore, the efficacy and
safety of this regimen remains to be clarified in follow
up studies.

Conclusion

In conclusion, a standard treatment regimen has not
yet been determined for mixed pulmonary large cell
neuroendocrine carcinoma because of its rarity and
complex pathological manifestations. We expect that
more therapeutic methods will be examined, leading to
improved prognosis for future patients.
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Pre-donation evaluation of organ donors is important. Organ quality directly affects both short- and
long-term survival rates of transplanted organs and recipients after transplantation. Contraindications to
donation are directly related to recipient survival and medical ethics. The following information is included
in this organ donation case report: detailed medical history (primary disease and surgical history), blood
type, infectious diseases, coagulation function, biochemical function, tumor biomarker, indicators related to
tuberculosis infection, microbial culture indicators, lung computed tomography (CT) scan, and abdominal
ultrasound (heart, liver, gallbladder, pancreas, spleen, kidneys, ureters, bladder, adnexa). We found a 10
cm x 10 cm space-occupying lesion in the abdominal cavity in this donor organ retrieval surgery. Frozen or
paraffin sections showed that the space-occupying lesion was malignant. The organ donor was not suitable
due to the malignant tumor, and the transplantation surgery was canceled. We analyzed this case of organ
donation to provide a reference for the follow-up donation evaluation process. This case study reveals
the limitations of preoperative non-invasive assessment, the necessity of preoperative multi-dimensional
assessment of organ function, and the exclusion of donation contraindications.

Key words: organ donation; donation evaluation; tumor
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Organ donation after a citizen’s death has become the
main source of organ transplantation in China !l. The
quantity and quality of donated organs have become a
new topic in organ donation. To match the growing organ
demand, an increasing number of marginal organ donors
are being covered by our evaluation and maintenance
system. Therefore, balancing the use of donated organs and
ensuring organ quality and recipient safety has become a
major challenge for Organ Procurement Organizations
(OPO) and transplant surgeons 2. Currently, a complete
system has been developed for the functional evaluation
of donated organs; however, due to the limitations of
emergency acquisition and preoperative evaluation,

contraindications for donation may not be noticed . In
2016, the “Expert Consensus on the Function Evaluation
and Maintenance of Donated Organs Donated for Chinese
Citizens after the Death,” published by the Chinese
Journal of Transplantation, clearly stated that organs
containing malignant tumors (except intracranial tumors)
cannot be donated Y. Therefore, all donations from
individuals with malignant tumors are contraindicated to
ensure the safety of the recipient. In combination with
previous cases in which adnexal tumors were found in
organ donation surgeries, this study will allow the process
of evaluation and contraindication exclusion for donation
cases to be further optimized and will provide evaluation
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experience for subsequent cases.

Case introduction

Medical history

The patient’s family members described the patient
as follows: 41 years of age, female sex, a 4-year history
of hypertension, and a cesarean section. The patient
was unconscious when found on the ground by family
members one day prior, with no convulsions in her limbs.
She presented with dyspnea and incontinence and was
immediately sent to the emergency department of the
local hospital. Head CT scan showed brain herniation,
a large left cerebral hemorrhage in the lateral cerebral
hemisphere, and a rupture into the ventricle. Emergency
tracheal intubation and ventilator-assisted ventilation
were subsequently performed, and the patient was
transferred to the intensive care unit for treatment
and symptomatic support, including dehydration
and hemostasis. The neurosurgeon suggested surgical
treatment, but the family refused after being informed
about the patient’s current condition and the risks of the
operation. Therefore, she was transferred to our hospital
(Tongji Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan, China)
for further treatment with a diagnosis of “ventricular
herniation and massive cerebral hemorrhage.” The patient
was in a deep coma without spontaneous breathing,
and brainstem reflexes were not observed. Cerebral
blood flow and somatosensory-evoked potentials were
consistent with brain death. According to the standard
protocol, the family members have signed to discontinue
all rescue therapies and proceed with organ donation.

Donation evaluation

Vital signs: The patient was in a deep coma with
tracheal intubation and synchronized intermittent
mandatory ventilation: FiO,, 80%; BP, 91/64 mmHg
(under the treatment of vasopressors); heart rate, 91 bpm;
SpO,, 95%. Body check: bilateral pupils were unequal
(left D = 45 mm, right D = 5.0 mm), light reflex not
observed; bilateral lung breath sounds slightly thicker;
scattered moist rales could be heard; and abdominal soft,
mobile, dull, negative, and bowel sounds could still be
heard. There was no edema in the lower extremities, and
no pathological signs were elicited on either side. The
assessment of clinical brain death was completed, and the
donation of medical ethics materials was completed.

Laboratory tests for blood were as follows: white
blood cell count, 13.95 x 10° /L?; neutrophil percentage,
88.7%?1; neutrophil count, 12.37 x 10° /L1; lymphocyte
percentage, 7.7%|; lymphocyte count, 1.07 x 10° /L|;
eosinophil percentage, 0.1%]; eosinophil count, 0.01
x 10° /L|; mean hemoglobin concentration, 309 g/L|;
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RBC distribution width, SD, 50.2 fL.1. For biochemical
tests: albumin, 25.4 g/L|; urea, 15.20 mmol/L1; sodium,
164.3 mmol/L?; creatinine, 223 pmol/L1; eGFR (based
on the CKD-EPI equation), 22.9 mL/min/1.73m?|;
chlorine, 127.9 mmol/L?; high-sensitivity cardiac
troponin I, 824.3 pg/mL111. For coagulation tests:
D-D dimer quantification, 0.65 pg/mL?; prothrombin
time, 19.0 seconds?; prothrombin activity, 51.0%];
international normalized ratio, 1.571; fibrinogen, 7.04 g/
L1; activated partial thromboplastin time, 51.0 seconds?;
procalcitonin, 5.92 ng/mL{; amino-terminal pro-brain
natriuretic peptide (NT-proBNP), 515 pg/mL1; creatine
kinase (CK), 1175 U/L?. For tumor markers: Alpha-Feto
protein (AFP), 6.8 ng/mL; carcinoembryonic antigen
(CEA), 1.91 ng/mL; Carbohydrate antigen 199 (CA199),
19.32 U/L. Abdominal B-ultrasound showed no obvious
abnormalities of the liver, gallbladder, pancreas, spleen,
or any fluid in the right pleural cavity, and an abnormal
echo in the abdominal cavity was suspected to be due to a
dilated bowel with fecal accumulation.

Results

Abdominal space-occupying was found during the
organ retrieval operation, as shown in the intraoperative
image (Fig. 1), and the frozen and paraffin section reports
during the operation showed that the space-occupying
tumor was of adnexal mesenchymal origin, suspected
to be an endometrial stromal sarcoma accompanied by
implantation of the liver capsule (Fig. 2). The donor was
not suitable for organ donation due to the malignant
tumor, and the liver and kidney transplantation surgery
was canceled.

Discussion

In cases where the organ donor has a malignant tumor,
the life safety of the recipient is directly impacted, the
occurrence of early cancer and carcinoma in situis hidden,
and the methods of preoperative exclusion are limited.
For donors with primary central system tumors, related
risks can be excluded according to the pathological results
before donation. However, it is more difficult to identify
abdominal tumors, such as those in the gastrointestinal
tract, breast, and adnexa.

A case report was published by Frederike Bemelman
at the Amsterdam Academic Medical Center in the
American Journal of Transplantation. Four patients who
successfully received lung, left kidney, liver, and right
kidney transplants developed breast cancer with similar
histological types within 16 months to 6 years after
surgery. All the organs donated to these four patients
came from the same donor, but no evidence of breast
cancer was found at the time of donation ®!. A DNA test
proved that the breast cancer cells came from the organ
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Fig. 1 During the
occupying was found

operations, abdominal space-

Fig. 2 Rapid biopsy results during the operation showed that the space-occupying tumor was adnexal mesenchymal, suspected to be endometrial
stromal sarcoma, and accompanied by implantation of the liver capsule. Pathological diagnosis (HE x200): (1) Tumor of mesenchymal origin, low
potential malignancy, endometrial stromal sarcoma. IHC: CD10 (+), CD34 (-), SMA (+), DES (+), Caldesmon (=), ER (+), PR (+), RB1 (+), ALK1 (=),
CD31 (-), CD117 (-), DOG1 (-), S-100 (<), SOX10 (=), H3K27Me3 (+), INT1 (+), HMB45 (-), Melan-A (=), Cathepsin K (=), STAT6 (<), FH (+), Ki-67 (-),
and EBER CISH (-). (2) Tumor tissue similar to ovarian and uterine walls was seen on the liver capsule surface, which was considered to be implantable

dissemination of the tumor

donor, but the donor had no prior history of tumors and
no abnormalities had been found during the preoperative
examination. In this report, although the preoperative
non-invasive evaluation did not detect the tumor, the
presence of in situ or early-stage carcinoma could not
be excluded, and tumor-infecting events occurred in the
circulating tumor cells after transplantation. Therefore,
a preoperative examination cannot completely exclude
the presence of a tumor. This case also confirmed that
organ transplantation may transfer the malignant tumor
from the donor to the organ recipient. Even if no obvious
tumor metastasis is found, individuals with tumors are
not suitable donors.

Some cancer patients are permitted to donate organs,
and some scholars have compared the data of the British
Transplant Registry with the national data of England,
Wales, and Northern Ireland (1985-2001). In a previous
study, 495 organs from 177 donors with intracranial
malignant tumors were transplanted into 448 recipients,
but no metastasis from donor-derived tumors was found
6. This study concluded that the organs of patients with

primary intracranial malignancies are safe for organ
transplantation. Although cancer metastasis may occur
after organ donation from patients with such primary
diseases, the risk is very low. In all malignancies, the
risk of intracranial tumor metastases outside the central
nervous system is very low, and studies have shown that
when individuals with high-risk factors and glioblastoma
multiforme are excluded, those with primary intracranial
tumors are suitable donors .

A clinical decision support system can facilitate
living kidney donor assessments ®. Our center has
established a set of standardized evaluation procedures
for early donation evaluation. This evaluation includes
the following: detailed medical history (primary disease
and surgical history), blood type, infectious diseases,
coagulation function, biochemical function, tumor
biomarkers, indicators related to tuberculosis infection,
microbial culture indicators, lung CT, abdominal
ultrasound (heart, hepatobiliary, and pancreas, spleen,
kidneys, ureters, bladder, and appendages), as well as
contrast-enhanced ultrasonography and preoperative
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needle biopsy of the liver and kidneys.

Routinely, the relevant inspections and tests should be
completed before donation surgery, and the maintenance
and evaluation team, including the transplant physician,
will complete the standardized evaluation. In this case, the
relevant preoperative examinations were comprehensive,
abdominal B-ultrasound abnormalities were reported, and
an abnormal echo in the abdominal cavity was suspected
to be due to a dilated bowel with fecal accumulation. The
adnexal tumor was found during the kidney and liver
retrieval, although the preoperative evaluation had been
well-established. This discrepancy was mainly due to
the low resolution of the bedside B-ultrasound and the
lack of clinician experience. In addition, the evaluation
team failed to clarify the lesions indicated by abnormal
echoes in the abdominal cavity, such as through further
non-invasive examinations with CT or MRI, to clarify
the relationship between the lesions and surrounding
tissues. However, our center has developed a whole-
process evaluation procedure, abnormal information
reporting, and a discussion system. Although the tumor
lesions could not be accurately detected before donation
surgery, the abnormal information tracking procedure
was implemented in the donation process because of
the abnormal inspection indicators before donation.
However, because of the accurate judgment of the
surgeon during the operation, the consultation of the
relevant clinical department during the operation, and
the pathological diagnosis of the tumor lesion, the OPO
finally terminated the donation.

Organ donation assessment is not an independent
unit but runs throughout the entire organ donation
process and requires the support of various systems
and departments. For example, detailed case records,
assessment techniques, and strategies will all affect the
accuracy of the assessment. Therefore, when setting up
an evaluation process, different processes should be set
up according to the situation in each case, and a flexible
evaluation method should be established to improve
evaluation accuracy.

Based on this case, the donation evaluation process has
been further improved, and clinical surgeons have been
established to participate in the entire evaluation process.
The medical staff of the pre-donation maintenance group
should start the operation after evaluation, the relevant
special information should be reevaluated during the
operation, and the pathological diagnosis should be
processed to reevaluate organ quality. Considering the
current status of organ donation evaluation, we hope
that the evaluation process described in this study will
be beneficial to our organ donation evaluation work and
ensure the safety of the recipients’ operations.
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