Pharmacogenomics and Personalized Medicine Dove

ORIGINAL RESEARCH

Anlotinib Enhances the Therapeutic Effect of
Bladder Cancer with GSDMB Expression:

Analyzed from TCGA Bladder Cancer Database &
Mouse Bladder Cancer Cell Line

Chen Wang(®'?, Qifeng Cao™*, Shun Zhang>*, Hailong Liu?, Huangqi Duan?, Weimin Xia?,
Haibo Shen@?, Cheng Wang'

'Department of Urology, The People’s Hospital of SND, Suzhou, People’s Republic of China; 2Department of Urology, Xinhua Hospital, Shanghai
Jiaotong University School of Medicine, Shanghai, People’s Republic of China

*These authors contributed equally to this work
Correspondence: Cheng Wang, Department of Urology, The People’s Hospital of SND, Suzhou, People’s Republic of China, Tel +86-15050163288,

Email 15050163288@ |63.com; Haibo Shen, Department of Urology, Xinhua Hospital, Shanghai Jiaotong University School of Medicine, Shanghai,
People’s Republic of China, Tel +86-18601712802, Email shenhaibo@xinhuamed.com.cn

Introduction and Objective: The mitogen-activated protein kinase (MAPK) pathway is inhibited by the pan-target inhibitor
Anlotinib, which induces tumor cell death. In addition to the common apoptosis and necrosis, there is also a pyroptosis mode of
cancer cell death in recent years, which is mainly manifested by the cleavage of gasdermin proteins (GSDMs). Gasdermin
B (GSDMB) participates in the progression and outcome of bladder cancer. The efficacy and mechanism of Anlotinib in the treatment
of GSDMB-positive bladder tumors have not been studied to date.

Methods: The relationship between GSDMB expression and tumor stage, overall survival rate, immunotherapy response, tumor
recurrence and progression rate was analyzed from the TCGA bladder cancer database. Anlotinib was used to treat GSDMB-positive
bladder cancer in mice followed by flow analysis of the secretion of inflammatory factors related to pyroptosis and the level of anti-
tumor factors. Western blot analysis detected which MAPK and MEK signal transduction pathways.

Results: TCGA data analysis showed that the overall survival rate of bladder cancer patients with high GSDMB expression was better
than that of patients with low GSDMB expression. In vivo experiments showed that Anlotinib was more effective in the treatment of
GSDMB-positive bladder cancer than GSDMB-negative bladder cancer. Anlotinib can increase the secretion of antitumor-related
factors in GSDMB-positive bladder cancer such as TNF-a and CD107a. In addition, Anlotinib also induced an increase in GSDMB
protein expression. Anlotinib treatment of GSDMB-positive bladder cancer decreased AKT and MEK protein expression, which were
involved in Anlotinib signal transduction pathway.

Conclusion: Anlotinib has a strong antitumor effect on GSDMB-positive bladder tumors. This effect is mainly achieved by anlotinib
stimulating the secretion of relevant antitumor factors by lymphocytes. The PI3K/AKT and MEK signal transduction pathways were
inhibited by Anlotinib in bladder cancer expressing GSDMB protein.
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Introduction

Bladder cancer is the most common malignant disease of urogenital tumors in China, which seriously threatens human
life and health. At present, the treatment of bladder cancer is mainly surgical treatment, supplemented by postoperative
chemotherapy, immunotherapy or targeted therapy. Among them, targeted therapy has produced excellent benefits in the
other two high-incidence tumors of the urogenital system (kidney cancer and prostate cancer) and has certain
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effectiveness in preventing postoperative recurrence, treating carcinoma in situ, preventing tumor progression, improving
survival rate and prolonging survival time.

Tumor targeted therapy is the application of targeted drugs to specific gene mutations or biomarkers in patients, so as
to achieve the purpose of inhibiting tumor growth or eliminating tumor cells. Fibroblast growth factor (FGF) can bind to
fibroblast growth factor receptors 1-4 (FGFR1-4) tyrosine kinases, activating numerous intracellular processes and
pathways.! It has been proven that there are a large number of mutated Fibroblast growth factor receptor-3 (FGFR3)
molecules in bladder cancer, which can be inhibited by mitogen-activated protein kinase (MAPK).? Therefore, FGFRs
can be novel actionable targets in treatment of bladder cancer. Recent studies on bladder cancer have shown that the
mutation status of FGFR3 can be correlated with an immune-suppressing microenvironment and poor response to
immunotherapy.> However, there has not been much progress in targeted therapy for bladder cancer, and tyrosine kinase
receptor inhibitors are a hot spot for targeted therapy drugs.* Until 2019, the US Food and Drug Administration approved
erdatinib, the first bladder cancer-targeting inhibitor, for the treatment of adult patients with locally advanced or
metastatic bladder cancer with FGFR3 or FGFR2 gene changes and disease progression after platinum-based
chemotherapy.” Erdatinib is a once-daily oral pan-FGFR tyrosine kinase inhibitor and the first targeted therapy approved
for metastatic bladder cancer.® However, the drug requires testing whether patients have fusion mutations of FGFR2 and
FGFR3, and its side effects are relatively large, which limits the application scope of this drug. Anlotinib, which is also
a pan-target tyrosine kinase inhibitor, can cover more people with target mutations (including FGFR1-3 receptor
mutations). Compared with erdatinib, its side effects are smaller, so it has a strong anti-tumor effect in various solid
tumors.” Anlotinib is a novel oral tyrosine kinase inhibitor that targets VEGFR1, VEGFR2/KDR, VEGFR3, C-Kit,
PDGFR-a and fibroblast growth factor receptors (FGFR1, FGFR2 and FGFR3). The inhibition of the FGFR3 receptor is
mainly through MAPK/ERK signaling pathway, which induces tumor cell death.

In addition to the common apoptosis and necrosis, there is also a pyroptosis mode of cancer cell death, which is
mainly manifested by the cleavage of gasdermin protein (GSDM). Pyroptosis, also known as inflammatory cell necrosis,
is a kind of programmed cell death, characterized by the expansion of cells until the cell membrane is broken, resulting in
the release of cell content and activation of a strong inflammatory response. Pyroptosis is mainly mediated by the GSDM
protein family. Some proteins of the cysteine aspartate protease family are activated by inflammasome, which causes
GSDM protein cleavage and activation. The activated GSDM protein is translocated to the membrane, forming holes, cell
swelling, cytoplasmic outflow, and finally leading to cell membrane rupture. Microscopically, pyroptosis cells show
swelling with many vesicular projections. Pyroptosis is less swollen than necrotic cells. Under an electron microscope, it
can be clearly seen that the pyroptotic cells form a large number of vesicles, namely pyroptosomes, before the rupture of
the cytoplasmic membrane. Studies have shown that GSDMB protein can be activated by inflammatory factors such as
Granzyme A (GZMA) and interferon-y, thereby transforming normal cell apoptosis into pyroptosis.®

Materials and Methods
Searching for GSDMB Gene Related Information in TCGA Database

The distribution of GSDMB gene in tumor tissues and adjacent tissues was retrieved from TCGA bladder cancer
database (https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga), and the relationship

between GSDMB expression and tumor stage, overall survival rate, immunotherapy response, tumor recurrence and

progression rate was analyzed.

Cell Transfection

The pLVX plasmid carrying GSDMB gene and lentivirus-packaged 293T cells were co-incubated, and the IMDM
medium (12440053, Gibco) was changed 24 h after transfection with LIPO-2000 and incubated for another 24 h. Then
the viral medium was co-cultured with MB49 bladder cancer cell line. After 72 h of puromycin screening, transfected
positive cells were collected for Western-blot analysis to confirm the successful introduction of GSDMB gene into MB49
cell line.
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Anlotinib Treatment

Anlotinib is obtained from Chia Tai Tianqing Company. C57BL/6 mice were divided into four groups (group 1: GSDMB-
negative MB49 cells bearing + normal saline gavage; group 2: GSDMB-negative MB49 cells bearing + anlotinib gavage;
group 3: GSDMB-positive MB49 cells bearing + normal saline gavage; Group 4: GSDMB-positive MB49 cells bearing +
anlotinib gavage; bearing cell number was 5*10"4, dose of Anlotinib for using was 3 mg/kg). One week after the completion
of tumor bearing, 2 weeks of constant gavage were performed, and the mice were sacrificed after 1 week of observation.
Tumor volume was measured every 3 days (tumor volume formula V =z * width * width * length/6).

Flow Cytometry

To obtain single-cell suspensions from xenografted tumors, tumor tissues were dissociated with gentleMACS™
Dissociator (130-093-235, Miltenyi Biotec) and digested with tumor dissociation kit (Miltenyi Biotec, Germany)
according to the manufacturer’s instruction. For stimulation, the cells were co-cultured with GolgiStop (1.0 pg/mL),
phorbol myristate acetate (PMA) (1.0 pg/mL) and Ionomycin (10 pg/mL) (Sigma-Aldrich, Merck, Germany) for 4 h. For
staining, anti-mouse CD3 (Catalogue 563123, BD Biosciences), anti-mouse CD4 (Catalogue 563331, BD Biosciences),
anti-mouse CD8 (Catalogue 552877, BD Biosciences), anti-mouse GranzymeA (clone GzA-3G8.5, eBiosciences), anti-
mouse GranzymeB (clone NGZB, Invitrogen), anti-mouse IL-2 (clone JES6-5H4, BD Biosciences), anti-mouse 1L-10
(clone JES5-16E3, eBiosciences), anti-mouse TNF-a (clone MP6-XT22, BioLegend), anti-mouse CD107-a (clone 1D4B,
BD Biosciences), anti-mouse PD-L1 (clone MIHS5, BD Biosciences) and anti-mouse Ki67 (clone B5S6, BD Biosciences)
were used. Samples were then detected by BD LSR Fortessa flow cytometer.

Western Blots Analysis

The protein samples were heated and inactivated, then separated by gel electrophoresis. After transmembrane, the membranes
were blocked with 5% BSA for 1 h, followed by incubation with different primary antibodies at 4°C for 12 h. The primary
antibodies used in the study included GSDMB (ab215729, Abcam), MEK (8727, Cell Signaling Technology), p-MEK (9154,
Cell Signaling Technology), AKT (4691, Cell Signaling Technology), p-AKT (13038, Cell Signaling Technology). The
membrane was further incubated with conjugated secondary antibodies and washed 6 times in TBST (5 min each time).
Finally, the membrane was incubated with HRP-conjugated antibodies and detected by the ECL System (Millipore).

Immunochemical Staining

Paraffin-embedded tissue sections were used for immunochemical staining. Antibodies for immunochemical staining
were as follows: FGFR1 (PA5-25979, Thermo Fisher Scientific), FGFR2 (PA1-24763, Thermo Fisher Scientific), FGFR3
(MAS5-32620, Thermo Fisher Scientific), FGFR4 (PAS5-119550, Thermo Fisher Scientific).

Statistics

All statistical analyses were performed by SPSS v.21 (IBM SPSS Software, USA). A one-way analysis of variance was
performed for the comparison of tumor weight, cytokines between four groups and tumor stage. Survival analysis was
performed for the Overall Survival. P < 0.05 was considered a significant statistical difference.

Results
The Overall Survival Rate of Bladder Cancer Patients with High GSDMB Expression is
Better Than That of Patients with Low GSDMB Expression

By searching 412 cases of bladder cancer gene and clinical information in the TCGA database, it was found that the
overall survival rate of bladder cancer patients was strongly positively correlated with the expression of GSDMB gene.
The overall survival rate of bladder cancer patients with high GSDMB gene expression is better than that of patients with
low GSDMB gene expression (P=0.00088), and the expression level in tumor tissue is much higher than that in normal
tissue (P=0.007). In addition, GSDMB gene expression was closely correlated with age and tumor stage, with higher
gene expression in patients younger than 60 years with early stage bladder cancer (Figure 1).
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Figure | Clinical manifestation of GSDMB gene. (A) Correlation between GSDMB gene expression and overall survival rate; (B) correlation of GSDMB gene expression
with age and tumor stage.

Anlotinib is More Effective in the Treatment of GSDMB-Positive Bladder Cancer Than

GSDMB-Negative Bladder Cancer

We have successfully imported the GSDMB gene into the GSDMB-negative MB49 bladder cancer cell line, transformed it into
a GSDMB-positive bladder cancer cell line, and carried out WB verification. The results showed that the GSDMB gene could be
expressed in the MB49 cell line after transfection (Figure S1; Detection of GSDMB protein before and after GSDMB gene
transfection). Tumor-bearing mice were treated with saline or anlotinib. One week after the end of gavage, the mice were
sacrificed, and the bladder cancer tissues were weighed for comparison. The experiment was repeated three times. The results
showed that there was no significant difference in tumor volume and weight between group 1 and group 3, while there was
a significant difference in tumor volume and weight between group 2 and group 4 (P<0.05). Anlotinib was more effective in the
treatment of GSDMB-positive bladder cancer than GSDMB-negative bladder cancer. Treatment without Anlotinib did not
induce tumor growth inhibition (Figure 2).
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Figure 2 Comparison of growth properties of bladder cancer in mice. (A) Tumor growth curve; (B) tumor volume comparison; (C) tumor weight of multiple batches was
pooled and compared. (***P<0.001).
Abbreviations: NS, Normal Saline; Ab, Anlotinib; rMB49, GSDMB positive-MB49 cell line.

Anlotinib Can Induce the Secretion of Pyroptosis-Related Factors Which
Up-Regulated the Expression of GSDMB Protein

Western-blot detection of tumor cells in GSDMB-positive bladder cancer bearing group showed that the expression of
GSDMB protein in group 4 (Anlotinib gavage group) was significantly higher than that in group 3 (normal saline gavage
group). Anlotinib induced an increase in the expression of the pyroptosis protein GSDMB (Figure 3A). Flow cytometry
results showed that inducing pyroptosis, GZMA secretion was increased in CD8+T cells and GZMB secretion was
increased in CD8+T cells and NK cells (Figure 3B).

Anlotinib Can Increase the Secretion of Antitumor-Related Factors in
GSDMB-Positive Bladder Cancer

After the treatment of GSDMB-positive bladder cancer with Anlotinib, the flow cytometry results showed that the secretion of
IL-2 and IL-10 in CD4+T cells and CD8+T cells increased (Figure 4A). In addition, the secretion of TNF-a by CD4+T cells and
CDB8+T cells was increased, and the secretion of CD107a by CD8+T cells and NK cells was increased (Figure 4B). The results
of flow cytometry suggest that the proportion of PD-L1 and Ki67 decreased, which was conducive to exert the anti-tumor effect
of T cells, and indicated that the proliferation of tumor cells was inhibited (Figure 4C). Anlotinib can significantly increase the
secretion of inflammatory factors and tumor-killing factors in GSDMB-positive bladder cancer and improve the anti-tumor
effect. In addition, for tumor cells themselves, the application of Anlotinib in the expression of GSDMB protein significantly
down-regulated the ratio of PD-L1 and Ki67, leading to a significant decline in the survival and proliferation of tumor cells.
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Figure 3 Anlotinib induces the release of pyroptosis protein and inflammatory factors. (A) Expression of GSDMB protein; (B) detection of pyroptosis related cytokines.
(*¥*P<0.001).

Abbreviations: NS, Normal Saline; Ab, Anlotinib; rMB49, GSDMB positive-MB49 cell line.

Anlotinib Can Block PI3K/AKT and MEK/ERK Signaling Pathways in GSDMB-Positive
Bladder Cancer

In GSDMB-positive bladder cancer treated with anlotinib, phosphorylated AKT and MEK protein levels were decreased.
Relatively, there were no significant changes in total AKT and MEK protein levels (Figure 5).

Anlotinib Inhibits Angiogenesis in GSDMB-Positive Bladder Cancer

Immunohistochemical staining of FGFR1-4 in tumor tissue showed that the expression of FGFR2 and FGFR3 was down-
regulated after Anlotinib treatment, and the expression of FGFR3 was down-regulated most significantly in GSDMB-
positive bladder cancer treatment group, while the expression of FGFR1 and FGFR4 have no difference between four
groups. Anlotinib treatment of GSDMB-positive bladder cancer inhibited tumor angiogenesis by down-regulating

FGFR3 receptor expression (Figure S2; expression of FGFR1-4 receptors in bladder cancer was detected by IHC. (A)
FGFR1; (B) FGFR2; (C) FGFR3; (D) FGFR4).

Discussion/Conclusion

Depending on the degree of tumor invasion, bladder cancer can be divided into muscle-invasive type and non-muscle-
invasive type. Muscle-invasive type of bladder cancer is mainly treated with radical cystectomy, while the non-muscle-
invasive type of bladder cancer can be treated with transurethral resection of bladder tumor and assisted with intravesical
chemotherapy and immunotherapy. The advent of immunotherapy has significantly transformed the treatment of bladder
cancer (bladder cancer is currently the most approved cancer for PD-1/PD-L1 immune checkpoint inhibitors, and
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Figure 4 Flow cytometry of lymphocytes and tumor cells after anlotinib treatment. (A) Detection of inflammatory factors; (B) detection of anti-tumor factors; (C)
detection of tumor cell survival and proliferation ability. (*P<0.05; **P<0.01; ***P<0.001).
Abbreviations: NS, Normal Saline; Ab, Anlotinib; rMB49, GSDMB positive-MB49 cell line.
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Figure 5 Decline in protein levels of PI3K/AKT and MEK/ERK signal transduction pathways. (A) Phosphorylated AKT protein expression decreased in group 4; (B)
phosphorylated MEK protein expression decreased in group 4.
Abbreviations: NS, Normal Saline; Ab, Anlotinib; rMB49, GSDMB positive-MB49 cell line.
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pembrolizumab and opdivo have become the standard treatment for metastatic bladder cancer). For patients who have not
received immunotherapy before, at present, only those with high PD-L1 expression are recommended to use immu-
notherapy drugs.’

As a result, there remains a significant proportion of patients who do not benefit from immunotherapy, opening the
way for targeted therapy. Related studies have shown that the mutation rate of FGFR3 gene in bladder cancer is
extremely high, and this receptor is an important target molecule for targeted therapy.”

Among the targeted therapy drugs, tyrosine kinase inhibitors (RTKs) have been playing an important role. Compared
with other RTK inhibitors (including sorafenib, sunitinib, pazopanib, etc.), Anlotinib can inhibit more targets, and 2-week
oral therapy is commonly used in clinical practice at present.'® In a Phase III clinical trial, anlotinib treatment improved
progression-free survival and overall survival in patients with advanced non-small cell lung cancer compared with
placebo treatment, and has been approved as a third-line drug for the treatment of advanced non-small cell lung cancer.'!
In addition, a randomized phase IIB trial showed that Anlotinib significantly prolonged median progression-free survival
in patients with advanced soft tissue sarcomas.'? Anlotinib has also shown marvelous efficacy in patients with advanced
medullary thyroid carcinoma and metastatic renal cell carcinoma.'® Anlotinib is tolerably similar to other tyrosine kinase
inhibitors; however, Anlotinib has a significantly lower incidence of grade III or higher side effects than sunitinib.'* In
addition, studies have shown that Anlotinib can change the tumor immune microenvironment by down-regulating the
expression of PD-L1 on vascular endothelial cells."”” In our study, we found that Anlotinib was very effective in
inhibiting growth of bladder cancer. Furthermore, Anlotinib could enhance the function of immune cells in the tumor
microenvironment by inducing secretion of antitumor-related factors.

Multiple signaling pathways mediated by Anlotinib (MEK/ERK, PI3K/AKT and RAF/MRK signaling pathways) can
exert angiogenesis and suppress cell proliferation, thereby inducing tumor cell death.'® However, recent studies have
shown that the death mode of tumor cells is not only necrosis and apoptosis but also pyroptosis.'” The effect of PD-1/PD-
L1 inhibitor in colon cancer mouse model with GSDMB expression was better than that in mice without GSDMB
expression. The results showed that degranzyme from cytotoxic lymphocytes lysed and activated GSDMB to induce
pyroptosis of target cells. This pyroptosis effect promoted cytotoxic lymphocyte-mediated anti-tumor effect, and the high
expression of GSDMB in the digestive system suggested the importance of GSDMB-mediated pyroptosis in intestinal
cells and will guide the treatment of related cancers.® Studies have shown that during the development of colon cancer,
the expression of GSDME protein in colon cancer cells is decreased compared with adjacent normal cells, which
promotes the proliferation of cancer cells. As an important biomarker in the process of pyroptosis, GSDME protein can
be cleaved by inflammatory cysteine aspartate protease when colon cancer cells are exposed to external stimuli, resulting
in pyroptosis.'® In the study of bladder cancer-related pyroptosis mechanism, upregulated GSDMB combined with
ubiquitin-specific peptidase-24 (USP24) can enhance the growth and invasion ability of bladder cancer cells. Studies
have found that GSDMB can bind to signal transducer and activator of transcription-3 (STAT3) and activate this
signaling pathway. USP24/GSDMB/STAT3 signaling axis may be a new targeted signaling pathway for bladder cancer
treatment.'’

In conclusion, anlotinib could exert a strong inhibitory effect on GSDMB-positive bladder tumors according to our
cancer cell line research. Anlotinib can inhibit the growth of GSDMB-positive bladder tumors by stimulating the
secretion of inflammatory factors and regulating the tumor microenvironment. The inhibitory effect of tumor growth is
mainly achieved by blocking the MEK/ERK and PI3K/AKT signaling pathways. The research results can not only
provide new ideas for the comprehensive treatment of bladder cancer but also provide a theoretical basis for the
application research of pyroptosis protein in other tumors besides transformation prospects.

Cell Lines

The 293T cell was purchased from National Collection of Authenticated Cell Cultures (Cat No. SCSP-502). The MB49
cell line was donated by Professor Lee Longcheng’s laboratory at University of California, San Francisco.?’ The use of
the MB49 cell was approved by the Ethics Committee of Xinhua Hospital.
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