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Background: Remimazolam is a new ultrashort-acting benzodiazepine for

sedation and anesthesia. The effects of remimazolam and the mechanism by

which it functions in cancer cells have not been determined. This research aimed

to explore the mechanism of remimazolam action in colon cancer treatment,

using bioinformatics analysis and in vitro experiments.

Methods: Cell cycle progression, colony formation, self-renewal capacity, and

apoptosis detection were performed in HCT8 cells treated with or without

remimazolam. Transcriptome sequencing, Gene Ontology, Kyoto Encyclopedia

of Genes and Genome, Protein–Protein Interaction, Gene Set Enrichment

Analysis, Western blotting, and qPCR were performed to investigate the

mechanism of action of remimazolam in HCT8 colon cancer cells.

Results: Remimazolam promoted proliferation and cell-cycle progression of

HCT8 cells. After remimazolam treatment, a total of 1,096 differentially expressed

genes (DEGs) were identified: 673 genes were downregulated, and 423 genes

were upregulated. The DEGs were enriched mainly in “DNA replication“, “cell

cycle”, and “G1/S transition” related pathways. There were 15 DEGs verified by

qPCR, and representative biomarkers were detected by Western Bloting. The

remimazolam-mediated promotion of cell proliferation and cell cycle was

reversed by G1T28, a CDK4/6 inhibitor.

Conclusion: Remimazolam promoted cell-cycle progression and proliferation in

HCT8 colon cancer cells, indicating that the long-term use of remimazolam has

potential adverse effects in the anesthesia of patients with colon cancer.
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1 Introduction

Colon tumors are the second most prevalent malignant

neoplasm (1), and the second most deadly cancer worldwide (2),

with higher rates of metastasis or recurrence at advanced stages

than at earlier stages (3). The 5-year survival rate of colon cancer

patients is low because of cancer chemotherapy resistance,

aggressiveness, metastasis, and relapse. This leads to patients’

demand for surgery and colonoscopy under anesthesia and

analgesia during cancer treatment. Remimazolam, a novel ultra-

short-acting benzodiazepine site on g-aminobutyric acid (GABA)

(A) brain receptors, is associated with rapid onset and offset of

anesthesia and sedation, and minimal hemodynamic instability (4).

Remimazolam was approved for conducting in general anesthesia

on January 2020 in Japan and November 2021 in China.

Remimazolam is safe and effective for bronchoscopy and digestive

endoscopy. It offers accurate control of drug effects by titration of

the infusion rate and boluses with rapid recovery after

administration ceases (5) and provides procedural sedation with

higher success rates and recovery profiles than dose midazolam (6).

Compared with propofol, the most commonly used intravenous

anesthetic, remimazolam, has significant safety advantages in terms

of pain, hypotension, and the need for treatment of hypotension, as

well as the overall incidence of adverse events, which is significantly

lower than that of propofol (7).

As reported, GABA is weakly present in early-stage I samples but is

highly abundant in later stage II and III samples in colon

adenocarcinoma, indicating that GABA accumulates as cancer

progresses, and patients who exhibit low intratumoral GABA

content survived longer than those with high GABA (8). GABA type

A receptor GABRA2, GABRA3, GABRB2, GABRB3, and GABRG2

may allow differentiation between colon tumor tissues and adjacent

normal tissues (9). Moreover, GABA activates the GABA(B) receptor

to inhibit GSK-3b activity, leading to enhanced b-catenin signaling that
stimulates tumor cell proliferation (8). On the contrary, other

researchers reported that the activated GABA(B) receptor induces

colorectal cancer cell apoptosis through the inhibition of cAMP-

dependent signaling pathways and cellular inhibitor of apoptosis

protein 2 (cIAP2) expression (10). The GABAB receptor inhibits

tumor progression and epithelial–mesenchymal transition via

regulating the Hippo/YAP1 pathway in colorectal cancer (11).

Propofol, an anesthetic site on GABA receptors, promoted colon

cancer cell metastasis through the GABAAR–TRIM21–Src

mechanism and enhanced adhesion and extension of tumor cells to

vascular endothelial cells, a critical step in tumor metastasis (12). Also

targeting GABA receptors, the effect of remimazolam on cancer cells,

especially colon cancer, is unclear. However, there are currently no

research reports on the comprehensive effects of GABA receptor

anesthetics on residual tumor cells in colorectal cancer patients,

especially after long-term and repeated use. It is significant for us to

choose suitable anesthetics for surgery and colonoscopy during the

treatment of colorectal cancer.

However, little is known about the role of remimazolam in

colon cancer. The goal of this research was to identify differentially

expressed genes (DEGs) and determine the underlying mechanism
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of action of remimazolam via bioinformatics and in vitro

experiments in HCT8 human colon cancer cells.
2 Methods

2.1 Cell culture and reagents

The LOVO and HCT8 human colon cancer cell lines were

obtained from the Chinese Academy of Medical Sciences. Cell lines

were cultured with DMEM culture medium (Livning, China)

supplemented with 10% fetal bovine serum (BI, Israel) containing

1% penicillin–streptomycin (Livning, China) at 37°C in a

humidified atmosphere with 5% CO2. Remimazolam (Hengrui

Pharmaceuticals Co., China) is water-soluble, at approximately

200 mg/mL, as previously reported (13). G1T28 (MCE, USA), a

CDK4/6 inhibitor also named trilaciclib, was dissolved in DMSO

and the culture medium. HCT8 cells were treated with 300 nmol/L

G1T28 for 24 h.
2.2 Cell proliferation assay

LOVO and HCT8 cells were seeded in 96-well plates (1,000

cells/well) and cultured for 24 h. Then, the cells were treated with

200 mg/mL remimazolam for 5 days. Cell Counting Kit-8 (CCK8,

Dojindo Chemistry, Japan) reagent was added to every well, and the

cells needed to be further cultured for 2 h. The optical density at 450

nm was detected by a microplate reader (Bio-Rad, USA). By

measuring the optical density of each well, the cell viability curve

was determined, and the results were average of three wells.
2.3 RNA isolation and library preparation

Total RNA was extracted from HCT8 cells treated with or

without remimazolam with TRIzol (Invitrogen, USA) according to

the protocol. RNA quantification and purity were evaluated by a

NanoDrop 2000 spectrophotometer (Thermo Scientific, USA).

RNA integrity was assessed with Agilent 2100 Bioanalyzer

(Agilent Technologies, USA). The libraries were constructed using

the VAHTS Universal V6 RNA-seq Library Prep Kit.

Transcriptome sequencing and analysis were performed by OE

Biotech Co., Ltd. (Shanghai, China).
2.4 RNA sequencing and differentially
expressed gene analysis

The RNA-seq libraries were subsequently sequenced on an

Illumina NovaSeq 6000 platform. There were 150-bp paired-end

reads generated. First, fastp was used to process the raw readings in

the fastq group. Low-quality readings were removed for clean

readings. HISAT2 was used to map clean reads to the reference

genome. The FPKM of each gene was calculated. Reads of each gene
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were obtained via HTSeq-count. Principal component analysis [R (v

4.2.1)] was used to evaluate the biological duplication of the samples.

We used DESeq2 to perform differential expression gene

analysis. Q value <0.05 and fold change >2 or fold change <0.5

were set as the thresholds for vital DEGs. R (v 4.2.1) was used for

hierarchical cluster analysis of DEGs to evaluate the expression

patterns of genes in different populations and samples. GO and

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway

enrichment analyses of DEGs were performed based on the

hypergeometric distribution, and significant enrichment items

were screened by R (v 4.2.1). R (v4.2.1) was used to construct the

column, bubbles, and chord diagrams illustrating the important

enrichment terms.

Gene set enrichment analysis (GSEA) was also conducted using

GSEA software. The analysis was performed on a predefined gene

set, and these genes were ranked according to the level of fluxionary

expression in the two sample types. Finally, we tested whether the

predefined gene set was enriched at the bottom or top of the

ranking list.
2.5 Construction of protein–protein
interaction network

The STRING database (https://string-db.org/) contains more

than 52 million proteins whose interactions were analyzed. The

protein–protein interaction (PPI) network of the top 30 targets was

created using Cytoscape tools and STRING, to help decipher their

relationships. The circle graph of the top 30 PPI relationships was

drawn by ordering the combined interaction scores from highest to

lowest. The greater the association between genes, the greater the

number of gene points.
2.6 Colony formation assay

There were 1,000 HCT8 and LOVO cells respectively treated

with or without remimazolam which were cultured in six-well

plates. The cells were fixed with 4% paraformaldehyde (Livning,

China) for 30 min after 10 days of culture. After washing with

phosphate-buffered saline (PBS), the colonies were stained with 5%

crystal violet (Livning, China) for 15 min and assessed by two

investigators’ visual. Each experiment was performed in triplicate

with two biological replicates per group.
2.7 Western blot and antibodies

Protein from each sample (20 µg) was separated by 10% SDS-

PAGE and electro-transferred to a PVDF membrane (Millipore,

USA) for immunoblot analysis. Membranes were blocked and

incubated with the corresponding primary antibody at 4°C

overnight. Then, the cells were incubated with the corresponding

secondary antibody. The membranes were washed three

times with TBST. Antibody binding was detected by enhanced

chemiluminescence reagent kit (Livning, China) and photographed
Frontiers in Oncology 03
with ImageQuant LAS 4000 CCD camera (GE Healthcare, USA).

The catalog numbers of the antibodies are provided in

Supplementary Document.
2.8 Cell apoptosis detection

HCT8 cells were cultured in six-well plates with or without

remimazolam treatment. Then, cells in each well were collected and

washed with cold PBS. The detached cells were suspended in

Annexin V binding buffer and then stained with Annexin V-

FITC/PI (Biosharp, China). The cells were incubated for 10 min

at room temperature in the dark after gently mixing. Apoptosis was

detected via FACS (Attune NxT, Thermo Fisher, USA).
2.9 5-Ethynyl-2′-deoxyuridine/PI staining
and flow cytometry analyses

5-Ethynyl-2′-deoxyuridine (EdU) is incorporated into genomic

DNA during DNA synthesis in the S phase of the cell cycle. EdU

staining of HCT8 cells was conducted using the cell-light EdU

Apollo643 in vitro kit (C10310-2, Ribobio, China), fixatives, Click-

iT™ saponin permeabilization solution, and wash buffers of Click-

iT™ EdU Alexa Fluor™ 488 Kit (Thermo Fisher, USA). EdU

solution (reagent A) was diluted 1,000:1 to produce a 50-mM EdU

solution. Then, in each well, the culture medium was replaced with

EdU (1 mL) medium and incubated for 2 h. HCT8 cells with or

without remimazolam treatment were collected into a flow tube and

centrifuged, after which the supernatant was discarded. Cells were

resuspended in 1 mL PBS and washed. After adding 1 mL of 4%

paraformaldehyde (Livning, China) for 30 min, each tube was

centrifuged and the supernatant was discarded. The solution was

neutralized by adding 2 to 3 mL of 2 mg/mL glycine for 5 min, after

which the tube was centrifuged, washed once in 2 mL PBS, and

centrifuged, after which the supernatant was collected. Each tube

was incubated with 1 mL of 0.5% Triton X-100 at room temperature

for 15 min, and the supernatant was centrifuged and then washed

with 2 mL PBS. After adding 500 mL of 1× Apollo® staining

solution to each tube, the cells were fully resuspended, incubated

without light at room temperature for 15 min, and centrifuged and

the staining solution was discarded. Each tube was washed two

times with 3 mL of 0.5% Triton X-100 at room temperature,

centrifuged to discard the supernatant, and resuspended in 500

mL PBS. After washing with PBS, cells were stained in 1 mL PI

staining solution (MCE, USA) for 30 min in the dark. Cell-cycle

distribution was analyzed via flow cytometry (ID7000, SONY,

Japan), and the data were analyzed via FlowJo v10.8.1.
2.10 qPCR assay

According to the TRIzol (Invitrogen, USA) reagent protocol,

total cellular RNA was isolated from HCT8 cells treated with or

without remimazolam. The cDNA synthesis was conducted using

the Transcriptor First Strand cDNA Synthesis kit (Servicebio,
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China). Using the SYBR® Green PCR Master Mix (Servicebio,

China), RNA expression levels were assessed by quantitative RT-

PCR. The real-time PCR thermocycling conditions were 95°C for

3 min, followed by 40 cycles (95°C) for 20 s, primer-dependent

annealing temperatures on each primer (57°C–60°C) for 20 s, and

extension (72°C) for 30 s. Data were presented as the relative

expression of each target gene and were calculated by the

comparative 2−DDCT method (14). The primers of genes are

shown in the Supplementary Document.
2.11 Self−renewal assay

We used spheroid-formation experiments to explore the self-

renewal ability of HCT8 cells. The cells were seeded in 24-well ultra-

low attachment plates (Corning, USA) after treatment with or

without remimazolam. There were 500 cells per well cultured in

serum-free DMEM/F12 medium supplemented with 0.8%

methylcellulose (Sigma-Aldrich, USA), 20 ng/mL EGF, B27 (1:50),

and 20 ng/mL bFGF. The cells were cultured at 37°C in 5% CO2 for

14 days. Then, the spheroids were counted under a microscope.
2.12 Statistical analysis

All data were expressed as the mean ± standard deviation (SD)

of three independent experiments. The difference was statistically

significant according to unpaired Student’s t tests, and results were

considered significant if P < 0.05. GraphPad Prism 8.0 and SPSS

26.0 were used to perform all analyses.
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3 Results

3.1 Remimazolam promoted proliferation
of HCT8 cells

LOVO and HCT8 cell lines were treated with 200 µg/mL

remimazolam for 5 days as previously reported (13). The results

illustrated that remimazolam increased the survival rate of HCT8

cells (Figure 1A, p < 0.05) but not LOVO. Remimazolam also

increased colony formation number of HCT8 cells (Figure 1B,

p < 0.05) but not LOVO cells (Figure 1C). In summary, these

findings indicate that remimazolam promotes proliferation of

HCT8 cells. As shown in Figure 1A that the survival rate of

HCT8 changed on day 3, we treated HCT8 cells with 200 µg/mL

remimazolam for 3 days for subsequent experiments.
3.2 Gene expression and differentially
expressed gene analysis

The DEGs were collected and analyzed. The volcano plot and

heatmap were firstly generated. Highlighted red dots indicate genes

with significantly upregulated expression (p < 0.05), and highlighted

blue dots indicate genes with significantly downregulated expression

(p < 0.05). There were 1,096 DEGs in total: 673 genes were

downregulated and 423 genes were upregulated following

remimazolam treatment (Figure 2A). Heatmap showed the

expression patterns of DEGs (Figure 2B). Red rectangles and blue

rectangles indicate upregulated genes and downregulated genes

respectively, and more intense colors indicate significant differences.
A

B

C

FIGURE 1

Remimazolam promoted the proliferation of HCT8 cells. (A) CCK-8 proliferation curves of the LOVO and HCT8 cell lines. (B) Colony formation of
HCT8 cells treated with or without remimazolam. (C) Colony formation of LOVO cells treated with or without remimazolam. Mean ± SD, *p < 0.05.
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3.3 GO entries, KEGG pathway enrichment,
“PPI” network and “cell cycle”, and “DNA
replication” were enriched in GSEA

We next performed GO and KEGG pathway enrichment

analyses. The 20 categories with the lowest q-value or p-value are

displayed in Figure 3A. The PPI network with top 30 nodes is

shown in Figure 3B. Red represents upregulated DEGs, whereas

blue represents downregulated DEGs. The distribution of DEGs

and all genes at GO level 2 is shown in Figure 3C, illustrating the

number of genes identified in the biological process category. KEGG

pathway analysis was subsequently performed to identify the

enriched signaling pathways. Figure 3D shows the top 10

enriched KEGG pathways and the up or down KEGG pathways.

The cell cycle was shown to be associated with the top 10 pathways

and upregulated pathways, demonstrating that the identified DEGs

were indeed related to the cell cycle.

To explore the functions of the identified DEGs and the

pathways in which they function, we conducted GSEA. The

GSEA indicated that the DEGs were enriched in “cell cycle”, “G1/

S transition”, and “DNA replication” related pathways (Figures 4D–

F), and most of the DEGs in these three pathways were upregulated

(Figures 4A–C). DNA replication is a vital part of proliferation. The

expression levels of genes whose expression significantly differed

after remimazolam treatment, as determined by RNA sequencing,

were estimated by qPCR. As expected, the expression level of cell-

cycle genes (CDK1, PTTG1, CDC25C, CDK4, PLK1), G1/S

transition genes (CDK6, CDK2, CDKN3, CDC45, IQGAP3), and

DNA replication genes (PCNA, Ki67, RNASEH2B, FEN1) were

significantly (p < 0.05) increased after treatment with remimazolam

compared with those in untreated control cells (Figure 4G). These

in vitro results, combined with the RNA sequencing results, indicate
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that remimazolam promotes the proliferation and cell-cycle

progression of HCT8 cells.
3.4 Remimazolam promoted cell-cycle
progression and growth in vitro, and the
remimazolam-mediated promotion of cell
proliferation and cell-cycle progression
was rescued by G1T28 treatment

To monitor cell-cycle progression, two-dimensional flow

cytometry analysis of EdU incorporation and PI was used. HCT8

cells were incubated with EdU and PI to label them with both PI and

EdU-Apollo 643. G0/G1, S, and G2/M phases were determined by

bivariate analysis (15). Dual positive cells positive for both PI and

EdU-Apollo643 were considered in the S-phase, and EdU

incorporation identifies full-S and early S cohorts (15). After

treatment with remimazolam, the proportion of S-phase cells

increased and the proportion of G1 phase cells declined

(Figure 5A, p< 0.05), indicating that cell cycle progression of

HCT8 cells during the G1/S phase transition was promoted.

Apoptosis was not affected (Figure 5B).

Remimazolam induced a significant increase in the number of

tumor spheres (Figure 5C). We also examined the expression of cell

cycle, proliferation, and stemness-related proteins after

remimazolam treatment. Western blot analysis indicated

significant increases in the expression of Cyclin D1, cyclin-

dependent kinase (CDK)4, CDK6, Ki67, PCNA, and CD44 after

remimazolam treatment (Figure 5E). We also examined markers of

stemness, which is related to proliferation and growth (Figure 5E).

Therefore, remimazolam promoted proliferation, growth, and G1/S

transition through the cell cycle in HCT8 cells.
A B

FIGURE 2

Differentially expressed genes in patients treated with or without remimazolam. (A) Differentially expressed genes (DEGs, p < 0.05) in patients treated
with or without remimazolam. The red dots represent upregulated genes, and the blue dots represent downregulated genes. (B) Heatmaps
indicating the expression patterns of DEGs. Red rectangles indicate upregulated genes, and blue rectangles indicate downregulated genes. The
deepest color indicates a significant difference.
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Bioinformatics analyses revealed that remimazolam upregulated

CDK1 and CDK4 whereas western blot analysis revealed increases in

CDK4 and CDK6; thus, we used G1T28 (trilaciclib), a highly effective

and selective reversible inhibitor of CDK4/6, for rescue experiments.

G1T28 inhibited the remimazolam-mediated increase in colony

formation (Figures 5F, H) and proportion of cells in the S phase

(Figures 5D, G). These results suggest that the remimazolam-

mediated promotion of G1/S transition and proliferation can be

blocked by an inhibitor of CDK4/6.
Frontiers in Oncology 06
4 Discussion

This study explored the effects and mechanism of action of

remimazolam on colon cancer via bioinformatics analysis and in

vitro experiments. We found that remimazolam promoted the

proliferation and cell-cycle progression of HCT8 cells. By

bioinformatics, we found 1,096 DEGs and identified 673 genes

whose expression was downregulated and 423 genes whose

expression was upregulated upon remimazolam treatment. In vitro,
A B

D

C

FIGURE 3

GO, KEGG, and PPI analyses (A) Circos plot of the top 20 GO terms. (B) Top 30 PPI networks. (C) Comparison of the distributions of DEGs and all
genes at GO level 2. (D) Bubble plot of the top 10 KEGG pathways.
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we illustrated that remimazolam promoted proliferation and the G1/

S transition in HCT8 cells, further revealing that remimazolam

significantly regulates the expression of proliferation and cell-cycle

components and that G1T28, which is a CDK4/6 inhibitor also

named trilaciclib, reversed the promoting effects of remimazolam. In

clinic, remimazolam may be used cautiously for long term or more
Frontiers in Oncology 07
times in patients with colon cancer or that G1T28 may be used in

combination with remimazolam.

Colon cancer negatively impacts human life worldwide by

reason of its high incidence and mortality rates, which are

attributed to a lack of effective drugs for treatment. Anesthesia

and surgery are significant components of colon cancer treatment.
A B

D

E F

G

C

FIGURE 4

GSEA and qPCR. (A) GSEA heatmap of the cell cycle. (B) GSEA heatmap of DNA replication. (C) GSEA heatmap of G1/S transition. (D–F) GSEA map of
the cell cycle, G1/S transition, and DNA replication. (G) qPCR verification of the genes. Mean ± SD, *p < 0.05.
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As a classical benzodiazepine anesthetic, midazolam is widely used.

Midazolam induces apoptosis in human cancer cells and inhibits

tumor growth in vivo (16–18) and has also been shown to suppress

cell proliferation and epithelial–mesenchymal transition (EMT) in

lung and breast cancer (19). However, a meta-analysis of
Frontiers in Oncology 08
observational epidemiological studies indicates that using

benzodiazepine is associated with increasing risk of cancer (20).

The effect of the new ultrashort-acting benzodiazepine anesthetic

remimazolam on colon cancer has not been explored before. First,

we used CCK-8 and colony formation assays to investigate whether
A

B

D

E

F G

H

C

FIGURE 5

Remimazolam promoted cell-cycle progression, cell proliferation, and stemness, and G1T28 reversed cell-cycle progression and cell proliferation
after remimazolam treatment. (A) Two-dimensional flow cytometry analysis of EdU incorporation and PI incorporation in cells treated with or
without remimazolam. (B) Flow cytometry analysis of apoptosis in cells treated with or without remimazolam. (C) Sphere formation in cells treated
with or without remimazolam. (D, G) Two-dimensional flow cytometric analysis of HCT8 cells with or without remimazolam and G1T28 treatment.
(E) Western blot analysis of biomarkers of cell-cycle progression, proliferation, and stemness with or without remimazolam treatment. (F, H) HCT8
cell colony formation with or without treatment with remimazolam and G1T28. Mean ± SD, *p < 0.05.
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remimazolam affects the proliferation of cancer cells. The

phenotype of patients treated with remimazolam differed from

that of patients treated with midazolam. To investigate the

specific mechanisms through which remimazolam exerts these

effects, we performed transcriptome sequencing of HCT8 cells

treated with or without remimazolam treatment. In this study,

RNA sequencing and differentially expressed gene analysis revealed

that the expression of genes related to the cell cycle, G1/S transition,

and DNA replication in HCT8 cells were upregulated after

remimazolam treatment. We also used combined EdU and PI

staining to verify that remimazolam promoted the proliferation

and cell-cycle progression of HCT8 cells.

Integrated bioinformatics analysis is a significant approach for

identifying main genes and pathways involved in disease

pathogenesis (21). Our analysis revealed a total of 1,096 DEGs

following remimazolam treatment, of which 673 genes were

downregulated and 423 genes were upregulated. After GO and

KEGG pathway enrichment, “Cell cycle”, “G1/S transition”, and

“DNA replication” related pathways were identified as enriched

based on the experimental results. Transcriptome sequencing

revealed that cell-cycle-related genes especially G1/S transition

genes, CDK1, pituitary tumor transforming gene-1 (PTTG1), Cell

Division Cycle 25C (CDC25C), Polo-like Kinase 1(PLK1), CDK4,

CDK6, CDK2, CDKN3, CDC45, and IQ Motif Containing GTPase

Activating Protein 3 (IQGAP3) were upregulated after

remimazolam treatment, and these findings were confirmed by

qPCR. We also showed that Cyclin D1, CDK4, and CDK6 protein

levels were upregulated after remimazolam treatment. CDK1,

CDK2, CDK6, and CDKN3, members of a family of cell-cycle

regulatory proteins, are involved in cell-cycle maintenance and are

associated with poor overall survival and relapse-free survival (22).

CDC25C and CDC45 are closely related to tumor development and

tumorigenesis (23, 24). Cyclin CDC25C is included in the specific

phosphatase family, which stimulates the cyclin B1/CDK1 complex

in cells to enter mitosis, regulating G2/M progression, playing a

significant role in checkpoint protein regulation in the presence of

DNA damage, and ensuring accurate transmission of DNA to

daughter cells during cell division (23). CDC45 plays a significant

role in the replicative helicase holoenzyme CDC45-MCM-GINS

complex and is highly expressed in human cancer-derived cells (24).

CDK4 and CDK6 are vital mediators of cellular transition into the S

phase. They are significant for the initiation, growth, and survival of

many cancer types (25). CDK4/6 inhibitors are under clinical trials,

and palbociclib has received accelerated approval as a treatment for

breast cancer (26). PTTG1 is an oncogene in several types of human

cancers, an independent poor prognostic factor for patients with

colorectal tumor (27). PLK1 is highly expressed in majority of

human tumors. PLK1 plays many roles in the cell cycle. It is

essential for maintaining genome stability during mitosis and for

precisely regulating the cell division, spindle assembly, and DNA

damage response (28). IQGAP3 is a critical regulator of mitotic

progression and genome stability; thus, it governs proliferation and

migration of numerous cancers (29). These results indicate that

remimazolam promoted the cell-cycle progression in HCT8 cells,

which may exert potential adverse effects on patient survival.
Frontiers in Oncology 09
Transcriptome sequencing and qPCR results showed that

PCNA, Ki67, RNASEH2B, and Flap endonuclease 1 (FEN1),

which are involved in DNA replication, were upregulated after

remimazolam treatment. At the protein level, PCNA, Ki67, and

CD44 were upregulated after remimazolam treatment. Ki67 and

PCNA are representative proliferation-related molecular markers,

which are widely used to evaluate the proliferative capacity of

cancer cells. CD44 has been widely implicated as a cancer stem-

cell marker in many cancers, and high CD44 expression strongly

contributes to raised tumorigenic mechanisms, such as cell division,

proliferation, and metastasis (30). RNase H2 is composed of a single

catalytic subunit (A) with two non-catalytic subunits (B and C),

specifically degrading the RNA component of RNA–DNA hybrids.

The protein which is encoded by this gene is the non-catalytic B

subunit of RNase H2, which plays a role in DNA replication.

Increased RNASEH2B expression has also been shown to

correlate with metastasis in colorectal tumors (31). FEN1 is a core

protein in the base excision repair pathway and participates in

Okazaki fragment maturation during DNA replication, which is an

effective method for treating cancer as a monotherapy or in

combination with other treatments (32). These results indicate

that remimazolam promoted DNA replication and proliferation

in HCT8 cells. G1T28, also named trilaciclib, is a potent and

selective reversible inhibitor of CDK4/6. G1T28 rescued the

remimazolam-mediated promotion of cell-cycle progression and

colony formation. These findings further indicate that CDK4/6 are

targets of remimazolam.

In summary, we identified the potential mechanism by which

remimazolam promoted the cell-cycle progression and proliferation

of HCT8 cells, which occurred in part by activating representative

biomarkers. In this experiment, the duration of remimazolam

administration is much longer than that currently in clinic,

indicating that the trend of remimazolam on cancer cells is likely

to occur and that remimazolammay exert potential adverse effects on

patients with colon cancer. Further evaluation of safety of

remimazolam for colon cancer patients is needed if longer duration

of administration is explored, such as ICU sedation. Minimal residual

disease (MRD) of tumor patients is small amounts of cancer cells

remaining in the body after cancer treatment, or cancer cells that are

unresponsive or resistant to treatment (33). Traditional imaging or

experimental methods cannot detect MRD, but they may lead to

cancer recurrence. Patients with colorectal cancer need to undergo

colonoscopies with anesthesia before and after surgery. More times of

use of remimazolam may affect MRD growth, which is detrimental to

patient prognosis.

However, this study also has some limitations. First, additional

cancer cell lines with different phenotypes should be tested in

further investigations, and proliferation should be assessed with

additional techniques. Second, our results should be further verified

in vivo. Third, the exact mechanism by which remimazolam

interacts with the receptor of HCT8 was not explored. Because

remimazolam has been approved for use in China for only 3 years,

we have not yet obtained clinical data related to patient prognosis;

thus, additional investigation of subpopulations of patients with

cancer should be performed.
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5 Conclusion

This study revealed that remimazolam promoted the cell-cycle

progression and proliferation of HCT8 colon cancer cells by

upregulating CDK1, PTTG1, CDC25C, CDK4, PLK1, PCNA,

Ki67, RNASEH2B, FEN1, Cyclin D1,CD44 CDK2, CDKN3,

CDC45, IQGAP3, and CDK6. Our findings indicate that using

remimazolam for long term or frequently may exert potential

adverse effects on patients with colon cancer under anesthesia.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Author contributions

RW: Data curation, Formal analysis, Investigation,

Methodology, Project administration, Supervision, Writing –

original draft, Writing – review & editing. SL: Data curation,

Formal analysis, Methodology, Writing – original draft. HH: Data

curation, Methodology, Writing – original draft. QH: Data curation,

Methodology, Writing – original draft. HC: Methodology, Writing

– original draft. YH: Methodology, Writing – original draft. CN:

Formal analysis, Writing – original draft. YR: Resources,

Supervision, Writing – review & editing. HZ: Formal analysis,

Funding acquisition, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study
Frontiers in Oncology 10
was supported by the Star of Anticancer Project, HZ, Department of

Anesthesiology, National Cancer Center/National Clinical Research

Center for Cancer/Cancer Hospital, Chinese Academy of Medical

Sciences and Peking Union Medical College. No. 801032241.
Acknowledgments

Thanks are given to Mrs. Lixin Sun, Mr. Long Yu, and Mr. Jun

Liu from Cancer Hospital of Chinese Academy of Medical Sciences

and Peking Union Medical College for technic guiding of

experiments. We thank Servicebio, China, for qPCR.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1345656/

full#supplementary-material
References
1. Zheng R, Zhang S, Zeng H, Wang S, Sun K, Chen R, et al. Cancer incidence and
mortality in China, 2016. J Natl Cancer Center. (2022) 5:1–9. doi: 10.1016/j.jncc.2022.02.002

2. Shaukat A, Levin TR. Current and future colorectal cancer screening strategies.
Nat Rev Gastroenterol Hepatol. (2022) 19(8):521–31. doi: 10.1038/s41575-022-00612-y

3. Wang TW, Chern E, Hsu CW, Tseng KC, Chao HM. SIRT1-mediated expression of
CD24 and epigenetic suppression of novel tumor suppressormiR-1185-1 increases colorectal
cancer stemness. Cancer Res. (2020) 80:5257–69. doi: 10.1158/0008-5472.Can-19-3188

4. Chae D, Kim HC, Song Y, Choi YS, Han DW. Pharmacodynamic analysis of
intravenous bolus remimazolam for loss of consciousness in patients undergoing
general anaesthesia: a randomised, prospective, double-blind study. Br J Anaesth.
(2022) 129:49–57. doi: 10.1016/j.bja.2022.02.040

5. Sneyd JR, Rigby-Jones AE. Remimazolam for anaesthesia or sedation. Curr Opin
Anaesthesiol. (2020) 33:506–11. doi: 10.1097/aco.0000000000000877

6. White PF. Remimazolam - Can it become a cost-effective alternative to propofol
for intravenous anesthesia and sedation? J Clin Anesth. (2023) 84:110977. doi: 10.1016/
j.jclinane.2022.110977

7. Ichijima R, Ikehara H, Yamaguchi D, Nagata Y, Ogura K, Esaki M, et al.
Randomized controlled trial of remimazolam compared with placebo in Japanese
patients undergoing upper gastrointestinal endoscopy: Phase III investigator-initiated
clinical trial. Dig Endosc. (2024). doi: 10.1111/den.14758
8. Huang D, Wang Y, Thompson JW, Yin T, Alexander PB, Qin D, et al. Cancer-
cell-derived GABA promotes b-catenin-mediated tumour growth and
immunosuppression. Nat Cell Biol. (2022) 24:230–41. doi: 10.1038/s41556-021-
00820-9

9. Yan L, Gong YZ, Shao MN, Ruan GT, Xie HL, Liao XW, et al. Distinct diagnostic
and prognostic values of g-aminobutyric acid type A receptor family genes in patients
with colon adenocarcinoma. Oncol Lett. (2020) 20:275–91. doi: 10.3892/ol.2020.11573

10. An J, Seok H, Ha EM. GABA-producing Lactobacillus plantarum inhibits
metastatic properties and induces apoptosis of 5-FU-resistant colorectal cancer cells
via GABA(B) receptor signaling. J Microbiol. (2021) 59:202–16. doi: 10.1007/s12275-
021-0562-5

11. Wang H, Zhang H, Sun Z, Chen W, Miao C. GABAB receptor inhibits tumor
progression and epithelial-mesenchymal transition via the regulation of Hippo/YAP1
pathway in colorectal cancer. Int J Biol Sci. (2021) 17:1953–62. doi: 10.7150/ijbs.58135

12. Liu Q, Sheng Z, Cheng C, Zheng H, Lanuti M, Liu R, et al. Anesthetic propofol
promotes tumor metastasis in lungs via GABAAR-dependent TRIM21 modulation of
Src expression. Advanced Sci. (2021) 8:e2102079. doi: 10.1002/advs.202102079

13. Xie H, Lu F, Liu W, Wang E, Wang L, Zhong M. Remimazolam alleviates
neuropathic pain via regulating bradykinin receptor B1 and autophagy. J Pharm
Pharmacol. (2021) 73:1643–51. doi: 10.1093/jpp/rgab080
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2024.1345656/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1345656/full#supplementary-material
https://doi.org/10.1016/j.jncc.2022.02.002
https://doi.org/10.1038/s41575-022-00612-y
https://doi.org/10.1158/0008-5472.Can-19-3188
https://doi.org/10.1016/j.bja.2022.02.040
https://doi.org/10.1097/aco.0000000000000877
https://doi.org/10.1016/j.jclinane.2022.110977
https://doi.org/10.1016/j.jclinane.2022.110977
https://doi.org/10.1111/den.14758
https://doi.org/10.1038/s41556-021-00820-9
https://doi.org/10.1038/s41556-021-00820-9
https://doi.org/10.3892/ol.2020.11573
https://doi.org/10.1007/s12275-021-0562-5
https://doi.org/10.1007/s12275-021-0562-5
https://doi.org/10.7150/ijbs.58135
https://doi.org/10.1002/advs.202102079
https://doi.org/10.1093/jpp/rgab080
https://doi.org/10.3389/fonc.2024.1345656
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wang et al. 10.3389/fonc.2024.1345656
14. Maijaroen S, Klaynongsruang S, Roytrakul S, Konkchaiyaphum M, Taemaitree
L, Jangpromma N. An integrated proteomics and bioinformatics analysis of the
anticancer properties of RT2 antimicrobial peptide on human colon cancer (Caco-2)
cells. Molecules. (2022) 27(4):1426. doi: 10.3390/molecules27041426

15. Bourge M, Fort C, Soler MN, Satiat-Jeunemaıt̂re B, Brown SC. A pulse-chase
strategy combining click-EdU and photoconvertible fluorescent reporter: tracking
Golgi protein dynamics during the cell cycle. New Phytol. (2015) 205:938–50.
doi: 10.1111/nph.13069

16. Mishra SK, Kang JH, Lee CW, Oh SH, Ryu JS, Bae YS, et al. Midazolam induces
cellular apoptosis in human cancer cells and inhibits tumor growth in xenograft mice.
Mol Cells. (2013) 36:219–26. doi: 10.1007/s10059-013-0050-9

17. Wang C, Datoo T, Zhao H, Wu L, Date A, Jiang C, et al. Midazolam and
dexmedetomidine affect neuroglioma and lung carcinoma cell biology in vitro and in
vivo. Anesthesiology. (2018) 129:1000–14. doi: 10.1097/aln.0000000000002401

18. Oshima Y, Sano M, Kajiwara I, Ichimaru Y, Itaya T, Kuramochi T, et al.
Midazolam exhibits antitumour and anti-inflammatory effects in a mouse model of
pancreatic ductal adenocarcinoma. Br J Anaesth. (2022) 128(4):679–90, 128.
doi: 10.1016/j.bja.2021.12.042

19. Lu HL,Wu KC, Chen CW,WengHK, Huang BM, Lin TY, et al. Anticancer effects of
midazolam on lung and breast cancers by inhibiting cell proliferation and epithelial-
mesenchymal transition. Life (Basel). (2021) 11(12):1396. doi: 10.3390/life11121396

20. Kim HB, Myung SK, Park YC, Park B. Use of benzodiazepine and risk of cancer:
A meta-analysis of observational studies. Int J Cancer. (2017) 140:513–25. doi: 10.1002/
ijc.30443

21. Chen L, Ren LQ, Liu Z, Liu X, Tu H, Huang XY. Bio-informatics and in vitro
experiments reveal the mechanism of schisandrin A against MDA-MB-231 cells.
Bioengineered. (2021) 12:7678–93. doi: 10.1080/21655979.2021.1982307

22. Sofi S, Mehraj U, Qayoom H, Aisha S, Almilaibary A, Alkhanani M, et al.
Targeting cyclin-dependent kinase 1 (CDK1) in cancer: molecular docking and
dynamic simulations of potential CDK1 inhibitors. Med Oncol. (2022) 39:133.
doi: 10.1007/s12032-022-01748-2
Frontiers in Oncology 11
23. Liu K, Zheng M, Lu R, Du J, Zhao Q, Li Z, et al. The role of CDC25C in cell cycle
regulation and clinical cancer therapy: a systematic review. Cancer Cell Int. (2020)
20:213. doi: 10.1186/s12935-020-01304-w

24. Lu Y, Chen X, Liu F, Yu H, Zhang Y, Du K, et al. Systematic pan−cancer analysis
identifies CDC45 as having an oncogenic role in human cancers. Oncol Rep. (2022) 48
(4):185. doi: 10.3892/or.2022.8400

25. Goel S, Bergholz JS, Zhao JJ. Targeting CDK4 and CDK6 in cancer. Nat Rev
Cancer. (2022) 22:356–72. doi: 10.1038/s41568-022-00456-3

26. Spring LM, Wander SA, Andre F, Moy B, Turner NC, Bardia A. Cyclin-
dependent kinase 4 and 6 inhibitors for hormone receptor-positive breast cancer:
past, present, and future. Lancet. (2020) 395:817–27. doi: 10.1016/s0140-6736(20)
30165-3

27. Ren Q, Jin B. The clinical value and biological function of PTTG1 in colorectal
cancer. BioMed Pharmacother. (2017) 89:108–15. doi: 10.1016/j.biopha.2017.01.115

28. Liu Z, Sun Q, Wang X. PLK1, A potential target for cancer therapy. Transl Oncol.
(2017) 10:22–32. doi: 10.1016/j.tranon.2016.10.003

29. LeoneM, Cazorla-Vázquez S, Ferrazzi F,Wiederstein JL, GründlM,Weinstock G,
et al. IQGAP3, a YAP target, is required for proper cell-cycle progression and genome
stability. Mol Cancer Res. (2021) 19:1712–26. doi: 10.1158/1541-7786.Mcr-20-0639

30. Hassn Mesrati M, Syafruddin SE, Mohtar MA, Syahir A. CD44: A
multifunctional mediator of cancer progression. Biomolecules. (2021) 11(12):1850.
doi: 10.3390/biom11121850

31. Yang CA, Huang HY, Chang YS, Lin CL, Lai IL, Chang JG. DNA-sensing and
nuclease gene expressions as markers for colorectal cancer progression. Oncology.
(2017) 92:115–24. doi: 10.1159/000452281

32. Yang F, Hu Z, Guo Z. Small-molecule inhibitors targeting FEN1 for cancer
therapy. Biomolecules. (2022) 12(7):1007. doi: 10.3390/biom12071007

33. ZhuH L, Xu R, Yang L, Shi W, Zhang Y, Liu J, et al. Minimal residual disease
(MRD) detection in solid tumors using circulating tumor DNA: a systematic review.
Front Genet. (2023) 14:1172108. doi: 10.3389/fgene.2023.1172108
frontiersin.org

https://doi.org/10.3390/molecules27041426
https://doi.org/10.1111/nph.13069
https://doi.org/10.1007/s10059-013-0050-9
https://doi.org/10.1097/aln.0000000000002401
https://doi.org/10.1016/j.bja.2021.12.042
https://doi.org/10.3390/life11121396
https://doi.org/10.1002/ijc.30443
https://doi.org/10.1002/ijc.30443
https://doi.org/10.1080/21655979.2021.1982307
https://doi.org/10.1007/s12032-022-01748-2
https://doi.org/10.1186/s12935-020-01304-w
https://doi.org/10.3892/or.2022.8400
https://doi.org/10.1038/s41568-022-00456-3
https://doi.org/10.1016/s0140-6736(20)30165-3
https://doi.org/10.1016/s0140-6736(20)30165-3
https://doi.org/10.1016/j.biopha.2017.01.115
https://doi.org/10.1016/j.tranon.2016.10.003
https://doi.org/10.1158/1541-7786.Mcr-20-0639
https://doi.org/10.3390/biom11121850
https://doi.org/10.1159/000452281
https://doi.org/10.3390/biom12071007
https://doi.org/10.3389/fgene.2023.1172108
https://doi.org/10.3389/fonc.2024.1345656
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Transcriptomic analysis and experiments revealed that remimazolam promotes proliferation and G1/S transition in HCT8 cells
	1 Introduction
	2 Methods
	2.1 Cell culture and reagents
	2.2 Cell proliferation assay
	2.3 RNA isolation and library preparation
	2.4 RNA sequencing and differentially expressed gene analysis
	2.5 Construction of protein–protein interaction network
	2.6 Colony formation assay
	2.7 Western blot and antibodies
	2.8 Cell apoptosis detection
	2.9 5-Ethynyl-2&prime;-deoxyuridine/PI staining and flow cytometry analyses
	2.10 qPCR assay
	2.11 Self&minus;renewal assay
	2.12 Statistical analysis

	3 Results
	3.1 Remimazolam promoted proliferation of HCT8 cells
	3.2 Gene expression and differentially expressed gene analysis
	3.3 GO entries, KEGG pathway enrichment, “PPI” network and “cell cycle”, and “DNA replication” were enriched in GSEA
	3.4 Remimazolam promoted cell-cycle progression and growth in vitro, and the remimazolam-mediated promotion of cell proliferation and cell-cycle progression was rescued by G1T28 treatment

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


