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Abstract
Colorectal cancer (CRC) is a conventional gastrointestinal malignant tumor, ranking third among all type
of tumors and the �fth in clinical mortality. Programed cell death including apoptosis, autophagy and
necroptosis that can be distinguished by their morphological and physiological differences. Although
various researches and strategies were developed for anti-cancer drugs, there still lack of the effective
therapies trigger cell programmed death to eliminate malignant colon tumor cells. In this study, we
explored novel agents for inducing the programmed cell death through drug repurposing. We generated a
high-throughput screening of a FDA Approved Drug Library, and identi�ed Menadione, a synthetic
analogue of vitamin K, as a promising candidate in regulating colon tumor programmed death. To further
investigate the underlying mechanisms of Menadione in tumor programmed death, the selected gene of
PCR array were performed and the data analysis showed signi�cantly up-regulated gene by Menadione
were ATG7 and MAPK8. The Go enrichment analysis also certify that MAPK8 may be an important
regulation gene for Menadione induced cell apoptosis and necrosis in colorectal cancer. MAPK8
participated in multiple signaling pathways in GO enrichment analysis and KEGG pathway enrichment
analysis, further demonstrated the key regulatory role of MAPK8. Thus, we identi�ed Menadione may be a
potential compound for MAPK8-targeting cascade. Owing to their FDA-approved status, Menadione might
be used rapidly in the clinical treatment of tumor therapy. We demonstrated and provided new insights
into the anti-cancer drug strategies.

Introduction
Colorectal cancer (CRC) is the third most common cancer in men and the second most common cancer in
women worldwide[1] Globally, 1.36 million people are affected accounting for nearly 10% of cancer
prevalence[2]. It remains the second leading cause of cancer worldwide[3]. The most widely available
treatments for managing colon cancer include surgery, radiation therapy, and chemotherapy.[4] Although
some progress has been made in various of researches and development of CRC drugs in recent years,
there are still many limitations and challenges, such as the side effects of chemotherapy and radiation,
the limitation of targeted therapy because of KRAS or BRAF gene mutations, and the drug resistance of
tumor cells caused by long-term drug medication.[5] In spite of their conceptual promise, more than one-
third of colon cancer patients are often incurably.[6] With the development of the science, increasing
attentions have been paid to the treatment of cancer by inducing the programmed death of tumor cells to
regulate tumorigenesis.[7, 8] The implementation of new therapeutic options for the management of colon
cancer mandates a revisit to programmed cell death with an emphasis on the mechanisms.[9] TNF-α is
known to act as a necroptosis inducer.[10] However, there are many problems in the application of TNF-α
in clinical tumor treatment. For example, multiple organ failure caused by possible in�ammatory cytokine
storms is a major problem..[11] Thus, developing the novel compounds to induce cell death, exploring the
signaling pathways according to molecular basis of colon carcinogenesis and developing new drugs
targeting them are necessary.
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Given the high attrition rates, a huge sum of costs and long cycle of discovery and development of new
drugs, the use of "old" drugs to treat common and rare diseases is gradually becoming an attractive
proposition.[12] Repurposing well-studied preclinical, clinical, and approved compounds holds the greatest
potential to swiftly move a drug candidate from the bench to the clinic.[13] An FDA-approved compound
library (TargetMol L4200) was well-studied compounds, many of which already possess extensive
human safety data.[14] For instance, based on FDA drug library, thalidomide has been found to be used in
the treatment of systemic lupus erythematosus and multiple myeloma.[15] Meanwhile, new drug
strategies also could be focused on the regulation of cell death pathways, contributing to a better
comprehension of cancer pathogenesis and therapeutics.[16] Supportive evidence has increasingly
revealed the prime molecular mechanisms of each cell death subroutine and thus providing a succession
of possible targets in cancer therapy, whereas the complicated relationships between different cell death
subroutines still remain to be elucidated.[17] Summary of above mentioned, drug repurposing through
screening a FDA-approved drug library via programmed cell death would be the feasible method to
develop novel drug for colorectal cancer.

MAPK8(Mitogen-activated JNK1) is a mumber of MAPK family and JNK family encoding by a MAPK8
gene. MAPK family is one of serine-threonine protein kinases family that plays an important role in
physiological and pathological process.[18] MAPK8 as a member of the MAPK family can activate and
phosphorylate transcription factors (such as AP-1), thereby activating downstream genes that play an
important regulatory role in cell proliferation, differentiation, death, and in�ammatory responses.[19] It has
been found that persistent activation of MAPK8/JNK (representing MAPK8 or JNK family proteins) is
closely related to apoptosis and it has been proved that MAPK8/JNK is pro-apoptotic molecule that
activates pro-apoptotic genes BAX and BAD and inhibit the activity of anti-apoptotic protein BCL-2 and
BCL2L1, thus promoting the of apoptosis.[20] MAPK8/JNK also plays an important regulatory role in
autophagy signaling pathways. MAPK8/JNK activates autophagy-related gene expression, such as ATG5,
ATG7 and Beclin1, by phosphorylating its downstream transcription factors AP1.[21] Whether TNF-α-
induced autophagy or caspase-8 inhibitor - induced autophagy, MAPK8/JNK activation and MAPK8/JNK
regulated gene expression is essential for autophagy pathway activation.[22] In the cells necroptosis,
MAPK8/JNK is mainly involved in its downstream pathway regulation. After RIPK1 and RIPK3 forming
complexes, the MAPK8/JNK is activated to promote downstream pathway transduction of necroptosis.
MAPK8/JNK inhibitor can reduce the degree of necroptosis of cells and can alleviate mitochondrial
depolarization as well as reduce ROS production.[23]

To identify novel targets for programmed cell death in tumor cells, we performed the drug repurposing
strategy by using a high-throughput screen of a FDA-approved compound library, which contains 1068
small molecule drugs with were well studied in biological activity, targets, safetypro�le and bioavailability
in various clinical trials. In this study, Menadione was selected and identi�ed as the potential compound
which contribute to the colon cancer cells death. Menadione induced various types of cell death by
regulating the expression of MAPK8. Therefore, we identi�ed Menadione, a FDA approved drug, may also
act as a potential anti-cancer compound by targeting MAPK8.
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Material And Methods

Cell Lines
L929 cells, HT29 cells and SW620 cells were cultured in DMEM. All the media were supplemented with
10% fetal bovine serum (v/v), and 100 U·ml − 1 of penicillin/streptomycin. Cells grown under 5% CO2 at
37°C.

Reagents
The following reagents were used for induction of cell necroptosis: Mouse Tumor Necrosis Factor 
(mTNF- , 5178SC), Human Tumor Necrosis Factor-  (hTNF- , 8902SC) were purchased from Cell
Signaling Technology; SMAC (T6007), zVAD-fmk (T6013) were obtained from Topscience; and
Cycloheximide (HY-12320) was obtained from MCE. FDA approved drug library (L4200) and necrostatin-1
(T1847) were used for drug screening and subsequent experiments.

Cell Viability Assay
TNF  (20 ng/mL) was used to induced necroptosis in L929 cells. TNF  (20 ng/mL) plus SMAC (10 nM) or
cycloheximide (5 µg/mL) and zVAD-fmk (20 µM) were used to induced necroptosis in MDF and HT29
cells. The drugs were incubated with cells exposed to the above combinations at indicated
concentrations for indicated time. CellTiter-Glo Luminescent Cell Viability Assay kit (Promega) was used
to examine cell viability.

Qrt Pcr And Pcr Array For Programmed Cell Death
An Human Signal Transduction PathwayFinder™ RT2 Pro�ler™ PCR Array (PAHS-014Z, Qiagen, Frederick,
MD., USA) was used to screen a panel of 84 genes representative of ten different signal transduction
pathways in HT-29 cell. The �rst-strand cDNA was mixed with 2 × RT2 SYBR Green qPCR Master Mix and
ddH2O. The qPCR was performed on an Applied Biosystems (ABI) 7500 according to the RT2 Pro�ler PCR
Array instructions under the following conditions: 95°C for 10 min, then 40 cycles at 95°C for 15 sec and
60°C for 1 min. Each array contained �ve separate housekeeping genes that were used for normalization
of the sample data. Microarray data was normalized against the house keeping genes by calculating the
ΔCt for each gene of interest in the plate. Fold changes of gene expression, scatterplot and heatmap were
analyzed and generated by using RT2 PCR array data analysis web portal version 3.5
(http://pcrdataanalysis.sabiosciences.com/pcr/arrayanalysis.php).[24] Genes of Menadione-treated
groups that had fold changes of more than two in expression against negative and positive control
groups were considered signi�cant. The candidate genes were chosen to be validated in an additional
experiment. Cells were treated with MENA for 1h and treated with tsz for 20-24h. The RNA was then
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extracted by hot phenol method and further treated with RT reagent with gDNA Eraser (Takara #RR047A,
Beijing, China). The PCR was performed using Universal SYBR Green Supermix (Bio-Rad #1725121) with
the following program: 95°C for 30 s; 95°C for 5 s; and 60°C for 30 s, for 40 cycles. [25]

Western Blot Analysis
Western Blot Analysis
Cells were lysed with RIPA lysis buffer containing a phosphatase inhibitor and PMSF. Extracted proteins
were subjected to electrophoresis on 10% SDS-polyacrylamide gel and transferred to a PVDF membrane.
The membrane was blocked with 5% (w/v) skim milk powder in TBST for 1 h, and incubated with primary
antibodies at 4°C overnight, according to the manufacturer’s protocol (dilution ratio of all proteins was
1:1000). After washing, membranes were incubated with peroxidase-conjugated secondary antibodies
(dilution ratio was 1:1000), and protein bands were visualized using the hypersensitive enhanced
chemiluminescence (ECL) chemiluminescence kit. Densitometric analysis was performed using the
Image J software (1.8.0, NIH, US), and the intensity of speci�c bands was normalized to the β-actin band.
[26]

Functional Enrichment Analysis
Gene Ontology (GO)[27] and Kyoto Encyclopedia of Genes and Genomes (KEGG)[28] functional and
pathway enrichment analysis were performed for mRNAs in prognosis-related co-expression RNA network
using the Database for Annotation, Visualization and Integrated Discovery bioinformatics resources
(DAVID) (https://david-d.ncifcrf.gov/), and P < 0.05 was considered as the cut-off criterion to screen the
Enriched terms and pathways.

Establishment Of Protein–protein Interaction (Ppi) Network
To understand the underlying interaction of DEmRNAs, the STRING website was employed to construct
the PPI network, which was visualized by the Cytoscape software v3.6.1.

Statistical Analysis
All data in graphs were presented as the mean value ± standard deviation from three independent
measurements. The statistical analysis was used in statistical software (SPSS, Chicago, IL, USA) and
GraphPad Prism 7.00 (GraphPad Software, CA, USA). p < 0.05 was considered signi�cant.[29]

Result
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High Throughput Screen to Identify the effect of Menadione
in programmed cell death
Fas-associated death domain (FADD) is associated with the impediment of various cellular pathways,
including apoptosis and necroptosis.[30] To screen the effective compounds for programmed cell death,
we used L929 FADD knockout (L929-FADD-KO) cells as programmed death pathway-sensitive cells. In the
high throughput screening, 1,068 compounds from the FDA approved drug library were applied to
evaluate the cell viability. Brie�y, using a CellTiter-Glo kit to detect the cell viability after treated with
compounds and drugs (10µM) in L929-FADD-KO or L929 wild type lines (Fig. 1A). To screen the most
potent and selective compounds, positive hits were de�ned as the survival rate of the three porous cells
treated with the same drug was less than 50% (below 0.5) as compared with untreated cells. The primary
screen resulted in the identi�cation of 17 compounds that showed at least 50% lethal for L929-FADD-KO
cells (Fig. 1B).

To further explore the contribution of candidate drugs in necroptosis, we treated cells with TNF-α as a
positive control to induce cells necropotosis and performed the nec-1 rescue experiment.[31] Nec-1, a type
of alkaloid with small molecule, was �rst identi�ed as an inhibitor of necrotic cell death by speci�c
blocking RIP1.[32] In this study, the necrosis inhibitor Nec-1(30µM) was used to rescue necroptosis cell
induced either by FDA drugs (10µM) or TNF-α. We used these 17 candidate drugs to screened in L929-
FADD-KO (Fig. 1C) cells and L929 cells (Fig. 1D) for extensive validation, identifying the lethality of these
drugs in different cell lines. As shown, in L929-FADD-KO cells, various drugs could act as cell death
agonists for necroptosis (Fig. 1C). However, in L929 cells, only drug Menadione Evans blue, Crystal Violet,
Ponatinib, Ceritinib could be slightly rescued by Nec-1. After an independent sample T test of two sets of
data, the cell survival rate of the drug groups with Menadione (P = 0.034) and 10 (panatinib) (P = 0.041)
showed the statistical signi�cance. Menadione (Vitamin K3, 2-Methyl-1, 4-naphthoquinone) a synthetic
analogue of vitamin K, acts as a provitamin that is converted into a vitamin in the body. Recently, it was
reported that Menadione has anti-cancer activity.[33]

Optimization And Comparison Of Treatment Conditions For
Menadione In Ht29
Although Menadione was well identi�ed to induce necroptosis in L929 and L929-FADD-KO, the mouse
�broblast cells L929 showed less signi�cant in clinical application. Next, we evaluated the effect of
Menadione in colorectal cancer cells, HT-29, to explore its antitumor potential. We �rst evaluated the
effect of the classical cell death combination TSZ, the TNF-α, Smac mimetics and Z-VAD-FMK,[34] as the
positive control in HT-29 (Fig. 2A). After exploring the concentration of the positive control compounds,
we next evaluated the cytotoxicity of Menadione in HT-29. The HT-29 cells were treated with 8µM of
Menadione and TSZ (TNF-α:10 ng/mL; Smacmetics :100 nm; Z-VAD-FMK :20µM), and the cell viability
was measured at 0.5 h,2h,5h,7h and 28 h. As shown in Fig. 2B, both of the toxic effect of Menadione and
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TNF-α increases with the time of action. Besides that, we also conducted the optimal concentration for
TSZ and Menadione in HT-29, respectively. The gradient concentration of Menadione was used to treat
with HT-29 cells for 24 h. Cell viability was determined using a CellTiter-Glo luminescent cell assay kit
(Fig. 2C, Fig. 2D,). Menadione can indeed induce HT-29 cell death along with the e�ciency increasing
concentration.

Mechanism Of Ht-29 Cell Death Pathway Induced By
Menadione
To further determine the potential mechanisms of Menadione in HT-29 cell death, we conducted the array
to evaluated the programmed death associating genes regulated by Menadione. The expression of genes
related to cells death was determined by high throughput RT²Pro�ler™PCR Array Human Cell Death
Pathway Finder(QIAGEN). The experiment consists of four groups: Control, Menadione-3µM, Menadione-
8µM and TSZ. Each group measured 89 genes, followed by data analysis using RPLPO as internal
reference genes to screen differentially expressed genes (DEGs). The screening criteria were Fold Change 
> 2 or Fold Change<-2. A total of 38 genes (24 upregulated genes,14 downregulated genes) were selected
from the Menadion-3µM group. A total of 27 genes (16 up-regulated genes,11 down-regulated genes)
were selected from the Menadionw-8µM group. A total of 31 genes (22 up-regulated genes, 9 down-
regulated genes) were selected from the TSZ group. 15 genes were selected from three groups of
Menadione-3µM, Menadione-8µM and TSZ, and the heat map was drawn according to the amount of
gene expression, as shown in Fig. 3A. We can see that there are differences between the genes activated
by Menadione and the positive control TSZ, indicating that the pathway of Menadione activation is not
exactly the same as the TNF-α, which further veri�es the previous view (Fig. 3A). Menadione could induce
cell death and activate programmed death-related pathways in colorectal cancer cells. Different genes are
divided into apoptotic group, autophagy group through different death modes regulated by them. The
speci�c values are shown in Fig. 3B and C. From the histogram, we can intuitively see that in two groups
of different cell programmed death patterns, MAPK8 was signi�cantly upregulated in the Menadione
treated groups, and with no signi�cant expression change in the TSZ treated group. It suggests that
MAPK8 may be a key molecule for Menadione inducing programmed death of HT-29.

Identi�cation Of Differentially Expressed Genes And
Functional Enrichment Analysis
To better understand the potential effects of these dysregulation genes (|fold change| ≥2.0, FDR < 0.05)
in Menadione modulated colon cancer, we investigated functional enrichment analysis in Menadione and
control samples after PCR array determine. GO analysis results by DAVID database showed the Gene
Ontology enrichment analysis (GO enrichment analysis) and KEGG pathway enrichment analysis of 47
differentially expressed genes. The PCR array results demonstrated that Menadione induced programmed
death of colon tumor cell is TNF independent cascades. To further explore the mechanisms of the
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Menadione associating pathway, we selected 47 different expression genes from PCR array data and
determined by Go enrichment analysis. GO enrichment analysis was shown to illustrate the functions of
cell death associating genes: biological processes (biological process, BP), molecular functions
(Molecular function, MF), and cellular components (cellular component, CC). The results of GO
enrichment analysis were screened according to P-Value < 0.05, visualized by R software0 (Fig. 4A). KEGG
pathway enrichment analysis were screened by the different expression genes (DEG), and the top20 of
KEGG pathway enrichment genes was selected (Fig. 4B). As shown, the bubble color re�ects P-Value, and
the bubble size indicates the number of enriched genes in the pathway. Furthermore, we analyzed the
protein-protein interaction network (PPI network) in Menadione treatment group (Fig. 4C), as well as the
TSZ treatment group (Fig. 4D). The proteins were selected by String website (https://string-db.org/) and
the PPI networks were visualized by Cytoscape software. Comparing with the PPI of TSZ treatment group,
the PPI of Menadione treatment group showed signi�cantly upregulation of MAPK8 and Caspase3.

Menadione Regulated Cell Death By Regulation Of Mapk8
Cascades
Since the Menadione can cause programmed cell death in HT-29 colorectal cancer cells, which may be
mainly involved in apoptosis and necroptosis related pathways, especially regulating by MAPK8. To
evaluate the regulation of MAPK8 cascades in Menadione induced programmed cell death, the related
molecules were further determined by real-time �uorescence quantitative PCR (RT-qPCR) and western blot
(WB). Firstly, we evaluated the regulation of necroptosis associating genes after Menadione (3um and
8um) treatments as well as the TSZ control, respectively. We found both the Menadione (Fig. 5A) and
TSZ (Fig. 5B) could induce cell necrosis by upregulating MLKL and RIK3. Interestingly, Menadione could
signi�cantly increase the expression of MAPK8, caspase 3 and 8 compare with TSZ treatment (Fig. 5C
and D). Our data implied that MAPK8 cascades may be involved in the induction of cell programmed
death by a novel Menadione.

Discussion
In the present study, we screened small molecular compounds from FDA approved drug library to identify
the drugs for tumor cell programmed death regulation. After screening with 1068 compounds, we found
the Menadione can induce cell death by regulating MAPK8. With the results of bioinformatics analysis
including PPI analysis and Go enrichment analysis, we speculated that MAPK8 is a key signal molecule
for cell death induced by Menadione. MAPK8 also up-regulated the cell death associating genes in the
Menadione treatment group. Interesting, in traditional TSZ (TNF-α, Smac mimetics and Z-VAD-FMK)
induced cell death group, nearly no change in MAPK8 expression. These results suggested that MAPK8
may be a key molecule in the differences between the regulatory mechanisms.

Nowadays, tumor necrosis factor (TNF) is a kind of cytokines which can cause hemorrhagic necrosis in
many kinds of tumors. TNF activates a variety of programmed cell death pathways, including apoptosis
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and necroptosis.[35] Although TNF has powerful tumor cell killing effects, when a large number of TNF
enter the circulatory system, they induce sepsis-like symptoms, even toxic shock, and ultimately lead to
multiple organ failure and death.[36] Taking into account the limitations of TNF application, it has become
one of the new research directions to �nd some compounds that can replace TNF induce programmed
cell death. Currently common drugs for chemotherapy usually play antitumor effects by inducing
apoptosis.[37] However this tumor treatment strategy often leads to severe resistance at later stages, the
search for new antitumor agents and programmed death by inducing cells in other ways may become a
future drug development strategy, such as looking for TNF-a replacement drugs with fewer side effects.
[38] Therefore, various manners for drug repurposing have been developed. The FDA approved "old
medicine" has been used in clinical, what side effects is very clear. Compared with "new drugs", drug
repurposing is more safe and reliable, more importantly, " old medicine "also has the huge advantage of
saving cost and short research and development cycle. It is considered to be one of the fastest and most
effective strategies in new drug development.[39]

Menadione, a essential nutrient often associated with the clotting cascade.[40]The traditional biological
function of Menadione is considered to be maintaining healthy blood clotting and preventing
hemorrhageand excessive bleeding. Speci�cally, it is necessary for the carboxylation of proteins
governing the conversion of the blood clotting agent prothrombin to thrombin.[41] In recent years, many
studies have shown that Menadione has a signi�cant inhibitory effect on the development and migration
of tumors.[42] Menadione is thought to play an anti-tumor role by driving substantial ROS production
speci�cally by tumor cells, leading to severe mitochondrial oxidative stress and causing mitochondria-
dependent apoptosis in tumor cells.[43] Besides, Menadione also suppressed invasion, migration and
epithelial-mesenchymal transition in human CRC cells by reducing Wnt signaling pathway related gene
expression[44]. However, in our study, we preliminarily explored and discovered possible novel pathways
for Menadione to exert anti-tumor effects that completely different from the above. According to our
study, Menadione may induce mitochondrial-independent apoptosis in tumor cells by upregulation of
MAPK8 expression. This provides new ideas for the future application of Menadione in the antitumor
�eld. For tumor cells that are not sensitive to oxidative stress, Menadione may also play an antitumor role
by inducing mitochondrial-independent apoptosis in tumor cells.
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Figure 1

Screening of FDA approved drugs in L929 and L929-FADD-KO cells

(A) Strategy for drug screening of inhibiting necroptosis. (B, C) Identi�cation of 17 candidate drugs from
FDA approved libraries in L929 cells. L929 cells were treated with TNF (20ng/mL) and each drug(10µM)
for 24hr. L929 cells treated with TNF (20ng/mL) and necrostatin-1 (10µM) were regarded as the positive
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control. (D) Veri�cation of 17 candidate drugs in L929-FADD-KO cells. Cells were treated with 10µM
candidate drugs (or nec-1) for 8hr. The data are represented as the mean ± SEM of triplicate wells.
*p<0.05, **p<0.01, ***p<0.001. 

Figure 2

Optimization and comparison of treatment conditions for Menadione

(A, B) the toxic effect of Menadione and TNF-α with different treatment time in HT-29. (C, D) the toxic
effect of Menadione and TNF-α with different concentration in HT-29.
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Figure 3

The mechanisms of programmed cell death regulated by Menadione

(A) Heat map of transcripts analyzed by PCR array. Expression values were normalized over the
expression of GAPDH and presented as log10 of relative changes. As shown, genes with higher
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expression are depicted in red, genes with lower expression are depicted in green. (B,C) Expression of
programmed cell death associating genes by qRT PCR.

Figure 4

Analysis of Menadione induced genes and pathways

(A) Gene Ontology (GO) analysis of DEGs. Go annotation of the domains of biological processes, cellular
components and molecular functions. Top 20 terms are shown at –log (p-value). (B) The KEGG pathway
enrichment analysis of Top 20 terms for DEGs and shown at -log10(p-value). (C) Protein-protein
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interaction network for DEGs with |fold change| ≥2.0, P < 0.05. Upregulated and downregulated genes are
shaded red and green, respectively.

Figure 5

Menadione up-regulated MAPK8 cascades
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qRT-PCR analysis of necrosis genes in HT-29 with Menadione(A) and TSZ (B) treatments. qRT-PCR(C)
analysis and WB (D) of apoptosis genes in HT-29 with Menadione treatments. 


