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Abstract
Background

Colorectal cancer (CRC) is a widespread malignancy globally, yet
effective therapeutic approaches for advanced, metastatic, and
chemo-resistant cases remain limited. In this study, we knocked out
CRC cell line HCT 116 for two autophagy genes (ATG5 and ATG7), then
we conducted a transcriptomic analysis on those isogenic cell lines.
which revealed an upregulation of Kruppel-like factor 3 (KLF3)
expression, that was biologically validated.

Methods

In this study, we performed CRISPR/Cas9 gene editing on HCT 116
followed with transcriptomics analysis on HCT 116 KO cells for ATG5
and ATG?7. Various bioinformatics analyses were performed to
investigate the KLF3/8 with autophagy and affected functional

pathways, and immune genes related to the different types. Validation

of expression in different cell lines were done using gPCR and
Western blot.
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To further investigate the role of autophagy genes in CRC, we utilized
publicly available data and web-based tools. Our analysis showed a
marked correlation between KLF3/KLF8 and the expression of
autophagy genes in CRC, denoting that its upregulation is likely to be
a compensatory mechanism. We also examined the co-expression of
autophagy genes and KLF3/KLF8 with multiple markers of epithelial-
to-mesenchymal transition (EMT), and significant positive correlations
were observed. Moreover, KLF8 expression was upregulated at the
mRNA level in the metastatic cell lines LoVo and SK-CO-1, compared to
HCT 116. Interestingly, KLF3/KLF8 expression was high in MSS
molecular subtype of CRC as shown in HCT 116 cell line knocked in
with MLH gene as well as they were negatively correlated with crucial
immune-infiltrating cells such as CD8+ cells, indicating their potential
as a negative biomarker for response to immunotherapy.

Conclusion

Our study proposes that a synergistic approach involving the
inhibition of KLF8 and autophagy holds a potential therapeutic target
for effectively tackling metastatic CRC cells, especially in cases
characterized by deficient mismatch repair (MMR).

Keywords
Colorectal Cancer (CRC), Metastasis, tumor progression, Autophagy,
KrOpple-like factor 8 (KLF8), MMR-Deficient, chemoresistance.
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Introduction

Colorectal cancer (CRC) is a prevalent and deadly tumor affecting both men and women. It ranks second among the
leading causes of cancer-related deaths worldwide, accounting for 9.2% of all such deaths, and is the third most prevalent
cancer, representing 6.1% of new cases.' Projections indicate a worrisome rise in deaths from colon and rectal cancers,
expected to increase by 71.5% and 60%, respectively, by 2035.” CRC is a complex disease with diverse clinical
manifestations, molecular indicators, and prognosis.

Autophagy, a cellular process, plays a significant role in the development of CRC and renders cancer cells less susceptible
to chemotherapy. By promoting autophagy, cancer cells gain energy and essential metabolites.” Autophagy ensures
cellular homeostasis by facilitating the turnover of defective proteins and organelles, and its activation increases under
cellular stress and nutritional scarcity.”® Autophagy may act as a tumor suppressor in the early stages of tumor formation,
but it appears to promote tumor growth once tumors have already developed. Moreover, autophagy helps tumor cells
overcome metabolic stress caused by rapid growth, hypoxia, and limited nutrient supply, which are characteristic of
malignant tumors.”* Particularly under hypoxic and metabolic stress conditions, autophagy provides additional metab-
olites and energy to cancer cells.”'” Importantly, autophagy has also been implicated in cancer cell metastasis, with
Epithelial-Mesenchymal Transition (EMT) being a critical process for cancer cell invasiveness and metastasis.''
Regulation of autophagy is mediated via several transcription factors, or a transcriptional gene network.'> Add that
autophagy inhibition did not show a marked suppressing effect on cancer cell proliferation, however, compelling
evidence supports the notion that autophagy actively contributes to the migration and invasion of cancer cells.'”

Recent evidence suggests that Kriippel-like factors (KLFs) are key players in tumor development, growth, and metastasis.
Several KLF members, including KLF4, KLF5, and KLF11, have been associated with the oncogenesis of various human
cancers. KLFs belong to a family of zinc finger-containing transcription factors closely related to the general transcription
factor Sp1. With over 26 known members, this family is characterized by a conserved C-terminus comprising three zinc
finger DNA-binding domains. Dysregulation of several KLF family members has been observed in different human
cancers, where they can function as either tumor suppressors or oncogenes, depending on the unique cellular context of
cancer.'* Furthermore, KLFs are involved in various cellular processes, including differentiation, cell death, and cellular
proliferation,'> modulation of autophagy and longevity (in C. elegans), with a potential role in vascular aging in
mammals.'®

Kriippel-like factor 8 (KLF8) has been the focus of recent studies due to its role in regulating genes associated with
various biological functions and pathological processes, such as proliferation, migration, invasion, and inflammation.
Widespread expression of KLF8 has been observed in several cancer types, where it has been found to be essential for
DNA repair and resistance to apoptosis.'’ ' In gastric cell formation and progression, downregulation of KLF8
expression has been shown to decrease cell proliferation, migration, and invasion by reducing the expression of key
factors involved in these processes.””

In this study, we utilized CRISPR/Cas9 to target ATGS and ATG7; both are key genes involved in the autophagy
machinery. Transcriptomics analysis revealed differential expression of the KLF3 transcription factor. It is worth noting
that KLF8 features a distinctive DNA-binding domain at its C-terminus composed of three zinc fingers. Still, its
N-terminal region also shares similarities with KLF3. Most significantly, it has a Pro-Val-Asp-Leu-Ser/Thr motif,
shared with KLF3.>*~* Since KLF8 and KLF3 appeared to be co-expressed in multiple tissues and bind the identical
DNA sequences and the protein partner CtBP, this suggests a potential functional overlap between these two transcription
factors. However, the interplay between autophagy and KLF3/KLF8-mediated malignant phenotypes in CRC remains
poorly characterized. Interestingly, autophagy is required for the degradation of KLF3, which might explain the high
deferential expression of KLF3 in the autophagy knockout cell lines.”® Additionally, the association of autophagy with
KLF family members, particularly group 1 (including KLF3 and KLF8), has not been previously investigated in tumors
and may represent a novel therapeutic approach in CRC.

Hence, the primary objective of this study is to elucidate the roles of various autophagy-related genes and the involvement
of KLF3/KLF8 in CRC carcinogenesis, focusing on evaluating their potential as prognostic markers and therapeutic
targets for CRC.

Methods

Establishing and maintenance of cell cultures

A diverse panel of cell lines representing various stages of colorectal cancer was utilized. The panel included the HCT
116 cell line as the parental cell line and LoVo and SK-CO-1 as metastatic cell lines. HCT 116 (CCL-247), LoVo
(CCL-229) and SK-CO-1 (HTB-39) cell lines were obtained from American Type Culture Collection (ATCC, Manassas,
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VA, USA). Additionally, two panels of cell lines were employed, consisting of the parent HCT 116 cell line (MLH1—/—)
(RRID: CVCL_0291) and its isogenic counterpart, HCT 116 MLH1+/— (RRID: CVCL_HD84), were obtained from
Horizon Discovery, gene editing company (Cat. No. HD104-006, Waterbeach, UK). The HCT 116 MLH1+/— cell line
was obtained through CRISPR-Cas9 gene editing, where a single allele of the MLH1 gene was inserted. All cell lines
were cultured under standard conditions at 37 °C in a humidified atmosphere with 95% air and 5% CO2. Specifically, the
CRC cell lines were maintained in RPMI culture media (Sigma-Aldrich, Cat # R8758, Germany).

1. CRISPR/Cas-9 gene editing

We used the ribonucleotide protein®’ delivery system for CRISPR technique to knock out autophagy-related gene
5 (ATG-5) and ATG-7 in the HCT 116 cells. All the reagents were purchased from Thermo scientific company, USA.
Two guide RNA (gRNA) were individually used to target ATG5/7 genes. Lipofectamine™ CRISPRMAX™ Cas9
Transfection Reagent was used to transfect the cells with the gRNA and Cas9. The genomic cleavage efficiency was
assessed by immunoblotting against the desired genes. TrueGuide sgRNA Positive Control, CDK4® was used in all steps
as a positive control, while a scrambled gRNA, Trueguide gRNA Negative control, was used as a negative control in all
the steps to ensure the specificity of the target. The pool of cells with the highest transfection efficiency was considered for
the downstream validation. To generate isolated clones with a complete knockout, the mixed pool of cells was diluted
1 cell/200 pl liquid medium and then dispersed into 96 wells plates. The individual cells were left to form clones. The
clones were tested for the expression of ATGF5/7 via immunoblotting.

Transcriptomic analysis

Whole transcriptome RNA sequencing was carried out on the HCT 116 control and ATGS and ATG7 knockout using
CRISPR/Cas9 system. About 100ng of total RNA was used for library preparation using Ion AmpliSeq™ Transcriptome
Human Gene Expression Kit (Thermo Scientific). About 100 pM purified library was taken and pooled equally with four
individual samples per pool and were amplified using emulsion PCR on Ion OneTouch 2 instrument (OT2) (Thermo
Fisher, RRID:SCR_023289, Cat # 4474778, USA) followed by enrichment using Ion OneTouch ES. Thus, prepared
template libraries were then sequenced with Ion S5 XL Semiconductor sequencer using the Ion 540 Chip (Life
Technologies, Cat # A27765, California, USA).

RNA-seq data were analyzed using Ion Torrent Software Suite version 5.4 (Thermo Fisher, RRID:SCR_023289, Cat #
0017145, USA) and the alignment was carried out using the Torrent Mapping Alignment Program (TMAP).”’ TMAP is
optimized for aligning the raw sequencing reads against reference sequence derived from hg19 (GRCh37) assembly and
the specificity and sensitivity were maintained by implementing a two-stage mapping approach by employing BWA-
short, BWA-long, SSAHA,*" Super-maximal Exact Matching”' and Smith-Waterman algorithm™ for optimal mapping.
Raw read counts of the targeted genes were performed using Samtools (Samtools view —c —F 4 —L bed_file bam_file) and

the number of expressed transcripts was confirmed after Fragments Per Kilobase Million (FPKM) normalization.”’

A script was used (written in R programming language) was used to analyze the differentially expressed genes,'” with
function calls to DESeq?2 package from Bioconductor library sets. Raw read counts from RNASeq were normalized using
quantile normalization. All counts ranked “0” were excluded. Differentially expressed genes between every two set of
cell lines [ATG5-KO vs wild HCT 116 (NC), and ATG7-KO, vs wild HCT 116 (NC)] were assessed using 2 tailed t-test.
Differentially expressed genes with p-value of <0.01, adjusted p-value <0.5 were included for analysis of pathways and
transcription factors using Enrichr.

Western blot

RIPA lysis buffer (Cat. No. ab156034, Abcam) was used for protein extraction (30-80 pl according to pellet size),
followed by centrifugation at 14,000 RPM for 15 min at 4°C. The protein concentration in the cell lysate was measured
using a BCA kit (Cat. No. 23225, Thermo Scientific Pierce following the manufacturer’s instructions (Cat. No. 23227,
Thermo Scientific Pierce, Waltham, MA, USA). A volume equivalent to 35ug of total protein was separated on 10%
sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) that was then electrophoretically transferred
to PVDF membrane (Bio-Rad, USA). The membrane was blocked for one hour at room temperature using 5% Bovine
Serum Albumin (BSA) powder (Sigma Aldrich).

Following blocking, the membrane was washed with Tris-buffered saline with 0.1% Tween® 20 Detergent (TBST) and
incubated overnight at 4 °C with primary antibodies, including anti-ATGS (Cat. No. 12994S), anti-ATG7 (Cat. No.
8558S), anti-B-actin (Cat. No. 4970S) (all from Cell Signaling Technology, Danvers, MA, USA) overnight at 4 °C.
Secondary antibodies (Cell Signaling Technology, Danvers, MA, USA) were incubated with the membrane for 1 hour at
room temperature at a ratio of 1:1000. The ECL kit (Thermo Scientific Pierce, Waltham, MA, USA) was used to identify
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Table 1. Forward and reverse primer sequences.

Gene Target Forward primer (5'-3') Reverse primer (5'-3')

KLF8 GGGCCCAAGAACGAGAAGAC ATCGCAAGAGAGCTGTTCCC
KLF3 GGGCCCAAGAACGAGAAGAC GCTTGACAGGAACTGGGTCA
GAPDH1 CTGAACGGGAAGCTCACTGG GCCTGCTTCACCACCTTCTT

chemiluminescence to identify protein bands, Bio-Rad Image Lab software (www.bio-rad.com, ChemiDocTM Touch
Gel and Western Blot Imaging System; Bio-Rad, Hercules, CA, USA) was used.

gRT-PCR

Total RNA was extracted from cancer cells using Qiagen RNA Mini Kit (Cat. No. 12183018A, Thermo Scientific). The
RNA quality and quantity were measured by a nanodrop2000 spectrophotometer (Thermo Scientific, USA). cDNA was
synthesized from RNA using SensiFAST™ cDNA Synthesis Kit (Bioline Reagents Ltd., London, UK). Real-Time PCR
was done for 2 genes encoding KLF8 and KLF3. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as a
housekeeping gene. Quant Studio 3 (Thermo Fisher) was used (using SensiFAST™ SYBR Hi-ROX kit). The experiment
was done in triplicates. Each reaction will yield the average threshold cycle (Ct) values for the genes, and the 2(—AAC(T))
relative approach was used to quantify the expression (Table 1).

Bioinformatics analysis
TIMER2

The TIMER 2 web application (http://timer.cistrome.org) analyzes the co-expression of autophagy genes and KLF3/
KLF8 in COAD and their expression with multiple EMT markers. TIMER 2 analyzes and quantifies the tumor-
infiltrating immune cells from the TCGA dataset using a variety of algorithms. This instrument assesses the relationship
between the abundance of immune-infiltrating cells and the gene of interest’s transcript. With the aid of this instrument,
we looked into the relationship between autophagy genes and KLF3/KLF8 in CRC together and with different EMT
markers.”> When choosing the TIMER algorithm and Spearman correlation, we first picked immune association to each
gene and each type of immune cell.

Gene Expression Database of Normal and Tumor Tissues 2 (GENT2)

We used the GENT2 database http://gent2.appex.kr. to assess the expression of KLF3/KLFS8 in various CRC subtypes.”
Microarray platforms (Affymetrix U133A or U133Plus2) are used in this tool’s NCBI GEO library.” We used this tool to
look into the expression of KLF3/KLF8 in CRC molecular subtypes, querying each gene individually across the
molecular subtypes.

Gene Expression Profiling Interactive Analysis2 (GEPIA2)

To measure the autophagy genes and KLF3/KLF8 expression levels in different CRC stages, we used GEPIA2 web-
based server. The data originates from the TCGA RNA Sequence Dataset (http:/gepia2.cancer pku.cn/#index).”® By
looking up each gene under the stages tab individually.

UALCAN

UALCAN is a web-based tool (http://ualcan.path.uab.edu) that utilizes OMICS data from cancer data sets like TCGA,
METS500, and CPTAC. Studying the promotor methylation level in different stages of CRC and in different stages of
lymph node metastasis and determining significance using the Student t-test between two applications.’” The Beta value
indicates level of DNA methylation ranging from O (unmethylated) to 1 (fully methylated). Different beta value cut-off
has been considered to indicate hyper-methylation [Beta value: 0.7-0.5] or hypo-methylation [Beta-value: 0.3-0.25].

GeneSet Cancer Analysis (GSCALite)

Gene Set Cancer Analysis (GSCALite), a web-based server, is used to look into the state of genes in datasets from cancer
patients (http://bioinfo.life.hust.edu.cn/web/GSCALite/).* Interestingly, we used this tool to examine the function of
autophagy genes and KLF3/KLF8 in cancer-related pathways in the COAD data set from TCGA, as it can predict gene
activity in cancer-associated pathways.
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GeneMANIA

The GeneMANIA database (http://genemania.org)™ was utilized to generate hypothesis regarding the interactions
between KLF3/KLF8 with a total of twenty proteins that surround it. Protein-protein interactions were examined based on
several networks, including as co-expression and common pathways, using KLF3/KLFS8 as a research tool.

Statistical analysis

The data were analyzed using various statistical tests, as described in the figure legends. The mean values are presented
from at least three independent experiments. The differences between different cell lines in KLF3 and KLF8 were
assessed using the Student’s T-test for the qPCR experiments. All statistical analyses were performed using GraphPad
Prism software (version 8.0.0 www.graphpad.com) (San Diego, CA, USA). P-values less than 0.05 were considered
significant.

Results
KLF3 is differentially expressed gene in HCT 116-knockout ATG5 and HCT 116-knockout ATG7 cell lines

We evaluated the expression of ATG5/7 in multiple CRC cell lines in which we found high expression levels in HCT
116, LoVo and SK-CO-1 while HT29 cell line showed relatively low expression (Figure 1A). However, previous
literature showed that HCT 116 showed a higher controlled autophagy flux compared to other CRC cell lines.*” Thus,
HCT 116 has been used to knockout ATG5/7 via CRISPR/Cas9 editing techniques.

We applied CRISPR/Cas9 gene editing to target ATGS and ATG7 to get HCT 116-knockout ATGS and HCT
116-knockout ATG7 (Figure 1B).*' Whole transcriptomic analysis in those KO cell lines captured multiple differentially
upregulated pathways in ATGS KO and ATG7 KO as shown in Figure 1C, 1D, respectively. The top shared genes among
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v

KLF3
18C1D228

Figure 1. Gene Set Enrichment Analysis of the differentially expressed genes of HCT 116 KO for ATG5 and ATG?7.
(A) Representative Western blot of ATG5, ATG7 levels in a panel of CRC cell lines including: HCT 116, HT29, LoVo,
SK-CO-1. B-actin was used as the loading control. (B) Representative Western blot of ATG5 and ATG7 Knocking out of
the HCT116 cell line using CRISPR/Cas9 gene editing. Colony selection was carried out to ensure the purity of the cell
population knocked out for ATG5 and ATG7. (C) Whole transcriptomic analysis in ATG5 KO cell lines captured multiple
differentially upregulated pathways. (D) Whole transcriptomic analysis in ATG7 KO cell lines captured multiple
differentially upregulated pathways. (E) Lower panel shows top differentially expressed transcription factors pre-
dicted to be upregulated in HCT 116 KO for ATG5. (F) Lower panel shows top differentially expressed transcription
factors predicted to be upregulated in HCT 116 KO for ATG7. (G) The Venn chart shows the shared genes among top
differentially upregulated pathways in both ATG5-KO and ATG7- KO HCT 116 cell lines, showing KLF3 transcriptional
factor as the top upregulated gene in both. The GSEA relies on protein-protein interactions for transcription factors
extracted from several literature databases (Transcription Factor PPI). The analysis was performed using Enricher
web tool. The Gene Ontology (GO) pathways were ranked according to the lowest adjusted p-value representing
statistical significance between the KO cell line and NC.
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the upregulated pathways are shown in Figure 1E, 1F. Remarkably, KLF3 transcriptional factor was found to be the top
upregulated gene in both KO cell lines (Figure 1G)."’

KLF3/KLF8 expression level was elevated in late stages of CRC cells.

We utilized GEPIA2 to investigate the expression levels of KLF3/KLFS in different stages of colorectal cancer (CRC).
As illustrated in Figure 2A, KLF3 expression was significantly increased in stages II and III compared to stage I. KLF8
expression significantly increased in the late tumor stages specifically stage IV (Figure 2B). Subsequently, we examined
the methylation status of the promoter regions of KLF3 and KLF8 genes in various stages of CRC tumors and different
stages of nodal metastasis using the UALCAN web tool. Our analysis revealed that the methylation level of the KLF3
promoter was significantly decreased in stage 4 of CRC tumors (Figure 2C). It showed significant change across NO and
N2 stages of lymph node invasion (Figure 2D). The methylation level of the KLF8 promoter was significantly decreased
in stage 4 of CRC tumors and in late stages of lymph node invasion (Figure 2E, F). Overall, these findings suggest that
KLF3 and KLF8 are associated with the progression of CRC, specifically in the later tumor stages.

To validate the expression of KLF3 and KLF8 in CRC cells specifically in different tumor stages, we utilized metastatic
cell lines LoVo and SK-CO-1 to detect KLF8 and KLF3 expression compared to the parental HCT 116 cell line viagPCR.
We found a significant increase in the expression of KLF3 and KLFS in both cell lines, compared to the HCT 116 cell line
(Figure 2G, H).

Interaction between autophagy and KLF3/8

To further investigate the relationship between autophagy genes and KLF3/KLF8 in colorectal cancer (CRC), we
employed the TIMER?2 web tool. Given our observation of distinct expression patterns of KLF3 in ATG5-/- and ATG7-/-
knockout cells, our objective was to investigate the possible correlation and co-expression between autophagy genes and
KLF3/KLF8 in CRC. The results, shown in Figures 3A, revealed significant positive correlations between KLF8 and
majority of the autophagy genes, including ULK1, ULK2, beclinl, LC3B, ATG5, ATG7, AMBRA 1, and most notably, UV
radiation resistance associated gene (UVRAG) in both colon adenocarcinoma (COAD) (Figure 3A).*" Similarly, KLF3
exhibited significant positive correlations with ULK1, ULK2, BECN1, MAPLC3B, ATGS5, ATG7, AMBRAI, and UVRAG
in COAD (Figure 3B). These findings suggest a strong correlation between KLF3/KLF8 and the expression of autophagy
genes in CRC.

Expression with Epithelial-Mesenchymal Transition (EMT) genes
Co-expression of autophagy genes and EMT genes

Previous studies have indicated that autophagy promotes tumor progression and overcoming metabolic stress caused by
rapid proliferation, hypoxia, and limited nutrient supply.”* Moreover, autophagy has implications in the multistep
process of epithelial-to-mesenchymal transition (EMT).**** Therefore, we utilized the TIMER2 web tool to explore the
potential relationships and co-expression patterns between autophagy genes, KLF3/KLF8, and EMT-related genes such
as CDH1, CDH2, CTNNB1, SNAII, SNAI2, VIM, and ZEB1, which represent E-cadherin, N-cadherin, Beta-Catenin,
SNAILI, SLUG, Vimentin, and ZEB1 markers, respectively.

As depicted in Figure 4, both ULK1 and ULK?2 exhibited significant positive correlations with Beta-Catenin, SNAILI,
SLUG, Vimentin, and ZEB1 and showed relatively lower positive correlations with E-cadherin. Furthermore, beclinl
and LC3B were significantly positively correlated with ZEB1, Beta-Catenin, and SNAIL1. ATG7 and ATGS5 showed
significant positive correlations with ZEB1, Beta-Catenin, SLUG, Vimentin, and E-cadherin, while ATG10 exhibited a
significant positive correlation with Beta-Catenin alone. Notably, UVRAG displayed substantial positive correlations
with Beta-Catenin, SLUG, Vimentin, SNAIL]1, and notably the highest positive correlation with the crucial EMT marker,
ZEBI1. These findings align with the idea that autophagy strongly correlates with the EMT process in CRC metastasis.
Importantly, UVRAG, which exhibits the most significant expression correlation with KLF8, also displays the highest
positive correlation with the key EMT marker, ZEB1. This indicates a substantial correlation between UVRAG, KLFS,
and the EMT process.

Co-expression of KLF3/KLF8 and EMT genes

Similarly, significant correlations were observed between KLF3, KLFS, and multiple EMT genes. As depicted in
Figure 5A, KLF3 exhibited a significant positive correlation with Beta-catenin and ZEB1. At the same time, KLFS8
displayed significant positive correlations with Beta-catenin, SLUG, N-cadherin, Vimentin, and notably, the highest
positive correlation was observed with ZEB1 (Figure 5B). Interestingly, KLF8 was negatively associated with CDH1
gene coding for E-cadherin. These findings suggest that both autophagy and the Kriippel-like family, including KLF3 and
KLFS8, play a significant role in the Epithelial-Mesenchymal Transition (EMT) process in colorectal cancer (CRC).

Page 7 of 24



F1000Research 2024, 13:850 Last updated: 13 NOV 2024

KLF3 KLF8
e 4
~
-
©
™ -
o
©
- R
o
~
o
w
-
- - -
e Jd
-
°
o - L]
Stage | S(agell Sugem 5'390“ Suw"l Suoelv
12 Promoter methylation level of KLF3 in COAD 1~ Promoter methylation level of KLF8 in COAD
0.1 T i 08 —
i T }
i H H -
i —_ * i | x
$ 008+ i | T $ 06 —_ i 1
s T i { g H
& 006 - ! H 3 04 . ; .
ooeq = 4 i ; 1 02 _:_ A -
002 0
Normal Stagel Stage2 Stage3 Staged
(n=37) (n=50) (n=122) (n=88) (n=41) Normal Stagel Stage2 Stage3 Staged
(n=37) (n=50) (n=122) (n=88) (n=41)
TCGA samples
E TCGA samples
127 Promoter methylation level of KLF3 in COAD 1- Promoter methylation level of KLF8 in COAD
014 -T - 084
| § T -
S 008 | _'_ | $ 06 — =
T | | { K] i ] {
s T ] i
& 006 - - & 044 _—_—
0.04 - H 1 H 024 i
0.02 J
Normal NO N1 N2 Normal NO N1 N2
(n=37) (n=185) (n=74) (n=50) (n=37) (n=185) (n=74) (n=50)
TCGA samples TCGA samples
G [id  E S H ® ek
< 40 . J A
s — 30+ =
o kS
s
S 30- §
8 9' 20
S o
£ 20 g_
)
s
o . 10
I 10 %
g [}
5 o- £ o
[]
o HCT116 LOVO SKCO1 E HCT116 LOVO SKCO1

cell lines

cell lines

Figure 2. KLF8 and KLF3 gene expression elevated in late CRC stages. (A) KLF3 expression level in CRC stages:
using GEPIA2 web server that provide RNA-seq from TCGA data set. (B) KLF8 expression level in CRC stages:
using GEPIA2 web server that provide RNA-seq from TCGA data set. Y-axis represents the expression level of each
gene as (log2(TPM+1)).TPM: Transcript per million. (C) KLF3 promotor methylation level in different stages COAD,
(D) KLF8 promotor methylation level in different stages COAD, (E) KLF3 promotor methylation level in different stages
of the lymph node metastasis, (F) KLF8 promotor methylation level in different stages of the lymph node metastasis.
This is done using UALCAN web tool. (G) KLF3 gene expression comparison in different CRC cell lines: HCT 116, LoVo
and SK-CO-1, (H) KLF8 gene expression comparison in different CRC cell lines: HCT 116, LoVo and SK-CO-1. Gene
expression was analyzed using the Comparative Ct (AACt). Results are presented as mean (+ SEM) relative to
unstimulated control. The values were compared across the different groups using ANOVA test. xxp < 0.01,
wxxp < 0.001.
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Figure 3. KLF3/8 showed high correlation with autophagy genes in COAD. Spearman'’s rank correlation coeffi-
cient obtained from TIMER 2 web tool of (A) KLF3 and autophagy-related genes co-expression in COAD, (B) KLF8 and
autophagy-related genes co-expression in COAD.

The correlations between these genes and EMT-related markers provide further evidence of their involvement in the EMT
pathway, which is crucial for CRC metastasis and progression.

Similarly, using the web-based tool STRING, we performed 8-protein interactions. Interestingly, we found that KLF8
expression is positively associated with multiple EMT markers, including zeb1 and snail (Snail) (Figure 5C). Moreover,
Using GeneMANIA, a protein-protein interaction network further confirmed the direct correlation of KLF3 and KLF8
EMT markers as illustrated in Figure 5D and 5E, respectively.
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Figure 4. Spearman’s rank correlation coefficient obtained from TIMER 2 web tool of autophagy-related genes
and EMT markers co-expression in COAD.

Autophagy genes and klIf3/8 activity in cancer-associated pathways in CRC

After investigating the status of KLF3/KLF8 co-expression with autophagy genes as well as EMT markers, we utilized
GSCALite to determine the molecular functions of these genes in COAD (Figure 6A, B) and across all cancer types
(Figure 6C, D). We found significant correlations in COAD between specific autophagy genes and essential molecular
functions. The AMBRAI1 gene showed a significant correlation with apoptosis inhibition. ULK2 and UVRAG genes
were significantly correlated with activating the epithelial-mesenchymal transition (EMT). ATG7 gene displayed a
significant correlation with activation of the RAS-MAPK pathway. Interestingly, ATGS5 was correlated with EMT
inhibition. Furthermore, in other cancer-related pathways across all cancer types, UVRAG exhibited positive correlations
with the activation of DNA damage, estrogen hormone pathway, and receptor tyrosine kinase (RTK) pathway. These
results, based on gene correlations with major regulators of cancer-related pathways, suggest that autophagy genes may
play important roles in multiple cancer-related pathways.

In COAD, KLF8 gene exhibited significant correlations with apoptosis inhibition, cell cycle activation and EMT
activation. Both KLF3 and KLF8 genes showed correlations with several cancer-related pathways. Specifically,
KLF8 gene displayed positive correlations with the PI3-AKT, RAS-MAPK, and RTK pathways. Moreover, using
GeneMANIA web tool (Figure 6E), pathways interactions in KLF8 showed enrichment of translational initiation of genes
related to cell-cycle progression such as CDK4 and CDK6. Further, KLF8 was associated with CCND1which involved in
promoting cell-cycle, invasion and metastasis.
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Figure 5. KLF3/KLF8 and EMT markers expression were highly correlated. (A) Spearman’s rank correlation
coefficient obtained from TIMER 2 web tool of KLF3 and EMT markers co-expression in COAD, (B) Spearman’s rank
correlation coefficient obtained from TIMER 2 web tool of KLF8 and EMT markers co-expression in COAD, (C) KLF8-
protein interaction using STRING, (D) Shared protein domains associated with KLF3 using GeneMANIA, (E) Shared
protein domains associated with KLF8 using GeneMANIA.

These findings shed light on the molecular functions of autophagy genes and KLF3/KLF8 in COAD and across various
cancer types. The correlations observed provide insights into the potential involvement of these genes in cancer-related

pathways, suggesting their roles in key biological processes and signaling pathways associated with cancer development
and progression.

KLF3/8 associated with molecular subtypes of CRC

CRC is divided into key pathogenic molecular subtypes. The first group is microsatellite instable (MSI) due to mismatch
repair (MMR) gene abnormalities (16%) or DNA polymerase epsilon proof reading (3%). The second subtype is
microsatellite stable (MSS), which accounts for 84% of CRC cases. MSS CRC is distinguished by a high rate of somatic
mutations in multiple genes, including APC, TP53, PIK3CA, KRAS, and SMAD4. We used the web-based program
GENT?2 to investigate the gene expression of KLF3/KLF8 in various tumor subtypes (Figure 7A, B). Comparing MSI and
MSS subtypes, we found that KLLF3 showed relatively high expression in MSS molecular subtypes of CRC, whereas
KLF8 showed significantly high in MSS.
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Figure 6. Autophagy genes and KLF3/KLF8 Cancer pathway activity was anticipated using the GSCALite and
GeneMANIA web tools. (A) COAD's predicted pathways of autophagy genes, (B) COAD's predicted pathways of KLF8,
(C) Predicted pathways of autophagy genes in cancers, (D) Predicted pathways of KLF3/8 in cancers The color scale
represents the percentage of activation and inhibition of different pathways in colorectal cancer, (E) Pathway-related
genes associated with KLF8 using GeneMANIA.
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Figure 7. KLF3/8 were correlated with the histological subtypes. (A) KLF3 expression level in colon cancer
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to denote data from NCBI GEO database, we enquire COAD and choose subtype as the targeted analysis. Two sample
T tests were conducted by the GENT2 web tool, p < 0.005 was considered as significant. (C) KLF8 gene expression in
HCT116 and itsisogenic cell line HCT116 MLH+/-, (D) KLF3 gene expression in HCT116 and its isogenic cell ine HCT116
MLH+/-. The values were compared across the different groups using unpaired t test. ««p < 0.01. Results are
presented as mean (+ SEM) of mRNA expression.

Moreover, we included an isogenic cell line HCT 116 MLH1+/— with its parental HCT 116 cell line (MLH1—/—).
We observed that MLH1 proficient cells were associated with high KLF8 expression but decreased KLF3 expression,
compared to the wild-type MLH1 deficient (Figure 7C, D).

Correlation between autophagy genes, KLF3/KLF8 and tumor-infiltrating immune cells in CRC patients
We conducted bioinformatics analysis using TIMER?2 to assess the correlation between the expression of KLF3 and
KLF8 genes and the cellular composition of the tumor microenvironment.**

KLF3 displayed significant positive correlations with CD8+ T cells, CD4+ T cells, neutrophils, Tregs, and NK cells.
However, a significant negative correlation existed between KLF3 expression and M2 MCQ infiltration. KLF3 showed
no significant correlation with MDSC (Figure 8A). Similarly, KLF8 exhibited significant positive correlations with
CD4+ T cells, Tregs, endothelial cells, neutrophils, and M2-type macrophage quantification (MCQ) immune infiltration.
However, KLF8 sowed significant negative correlations with the infiltration of CD8+ T cells, NK cells, and myeloid-
derived suppressor cells (MDSC) (Figure 8B).

These findings provide insights into the relationships between autophagy genes, KLF3, KLFS, and various immune cell
populations in the tumor microenvironment of CRC. The correlations observed highlight the potential roles of these genes
in immune cell infiltration and the modulation of the tumor immune response.

Discussion

CRC invasion and metastasis are major contributors to high mortality rates and tumor recurrence.” Therefore,
understanding the underlying processes involved in these malignant phenotypes is crucial to developing therapeutic
targets and overcoming chemotherapy resistance.

Most CRC cell line were found to have a strong baseline autophagic flux. However, previous literature showed that
HCT 116 showed a higher controlled autophagic flux compared to other CRC cell lines.*’ Thus, we implemented our
CRISPR/Cas9 experiments on HCT 116 cell lines specifically to study the effect of autophagy inhibition efficiently.
Moreover, targeting ATGS/7, which are specific and crucial autophagy genes, is essential to block the conventional
autophagy pathway. Specifically, in HCT 116, was associated with a dramatic decrease in cell survival when targeting
ATGS5 or ATG7.*® All gene editing techniques are predicted to have an off-target effect. From our side, we used the
ribonucleoprotein-CRISPR Cas9 method, which has been proven to have a lower off-target effect compared to the
plasmid delivery system since it limits the activity time for Cas9."’ The sgRNAs used were selected based on the top
scores or high scores according to the Thermoscientific Fischer system of sgRNA designing. Using this system allowed
us to produce a few knockout (KO) clones; however, one clone was taken further for downstream experimentation.
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Figure 8. Spearman's rank correlation coefficient of immune infiltrating cells abundance with KLF3 and KLF8
expression. (A) KLF3 expression and immune infiltrating cells abundance of CD4+ T cells, CD4+ T cells, neutrophils,
Tregs, M2 MCQ and NK cells. (B) KLF8 expression and immune infiltrating cells abundance of CD4+ T cells, CD4+ T
cells, neutrophils, Tregs, M2 MCQ, NK cells, endothelial cells and myeloid-derived suppressor cells (MDSC).

The relationship between autophagy and its role and interaction with KLF3 and KLF8 in CRC remains poorly
characterized.*® Furthermore, the correlation between the KLF family, specifically KLF3 and KLF8, and autophagy
has not been previously studied in tumors, presenting an opportunity for novel therapeutic approaches in CRC. In this
study, we aimed to investigate the expression levels of multiple autophagy genes in relation to KLF3 and KLF8 in CRC,
as well as their clinicopathological features, utilizing various web tools and large RNA sequence datasets obtained from
cancer patients.

Our experimental investigation found that KLF8 and KLF3 expression was significantly higher in the late stages of CRC,
indicating its strong association with enhanced EMT and metastasis. Specifically, the mRNA expression level of KLF8
was significantly higher in metastatic cell lines such as LoVo and SK-CO-1 compared to HCT 116 parental cell line,
however, KLF3 expression was significantly higher in LoVo cell line. KLF8 has been found to play a role in modulating
metabolism in gastric cancer by targeting GLUT4, thereby increasing glucose uptake crucial for cancer cell proliferation
and metastasis.”” Likewise, KLF3 has been recognized as an oncogenic transcription factor in CRC with a significant
impact on the regulation of tumorigenesis.”’

Based on our transcriptomic analysis and the findings from our bioinformatics analysis, we have identified a strong
correlation between the transcriptional factors KLF3 and KLF8 and the expression of multiple autophagy genes in CRC.
This correlation has been addressed in cancer cells for the first time, providing valuable insights into the potential
crosstalk between KLF3/KLF8 and autophagy in CRC. Interestingly, our investigation revealed that the inhibition of
autophagy in ATG5-/- and ATG7-/- cell lines resulted in differential expression of KLF3, suggesting that it may act as a
compensatory mechanism in response to autophagy suppression. It is worth noting that KLF3 and KLF8 are highly
related transcriptional regulators that bind to similar DNA sequences and exhibit overlapping roles.”' Because autophagy
is required for KLF3 degradation, its expression was elevated in our transcriptomic analysis in the KO cell lines. The
3-MA treatment was found to impede the turnover of KLF2 and KLF3.?° Moreover, according to PubChem database,; the
two proteins have a high homology.’” Notably, KLF8 transcriptional repression activity is triggered by its interaction
with CtBP.”* KLF8 performs transcriptional activation in addition to transcriptional repression. KLF8’s glutamine
residues Q118 and Q248 are crucial for the protein’s transcriptional activation function.™
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Autophagy has been implicated in the invasion and metastasis processes, prompting us to investigate the association
between autophagy genes and different epithelial-mesenchymal transition (EMT) markers, which play a crucial role in
the metastasis of colorectal cancer (CRC). Our analysis revealed a strong correlation between autophagy genes and
various EMT markers, underscoring their interconnectedness in CRC progression. Furthermore, both KLF3 and KLF8
showed significant positive correlations with multiple EMT markers. Notably, KLF8 exhibited the highest association
with the ZEB1 gene (p = 3.1e-52). This finding is particularly interesting, considering that UVRAG, an autophagy gene,
displayed the strongest positive correlation with the critical EMT marker ZEB1. Remarkably, KLF8 is associated with
decreased E-cadherin. Overexpression of KLF8 decreases E-cadherin expression, promoting invasion and serving as a
possible EMT inducer. In non-small cell lung cancer, decreased KLF8 expression prevents malignancy through
preventing cell invasion and EMT.”” Previous studies have shown that KLF8 induces FHL2-mediated invasion,
EMT, and metastasis in CRC.” In gastric cancer, KLF8 has been implicated in promoting invasion and metastasis
via the EMT process by targeting the hypoxia-induced factor (HIF-1) gene.”” The observed correlations provide insights
into the potential mechanisms underlying the role of autophagy and KLF8 in the invasion, metastasis, and EMT, offering
opportunities for further exploration and potential therapeutic interventions targeting these pathways.

Consistent with our findings, previous studies have demonstrated the necessity of autophagy for EMT activation and
metastasis in various cancer types. For example, autophagy is required for EMT activation and metastasis in hepato-
blastoma cells™ as well as in TGF-pl-mediated EMT in non-small-cell lung carcinoma cells.”” Thus, despite the
contextual relationship between the complex autophagy machinery and cancer, it is still a promising target, as there are
numerous common regulatory pathways between autophagy and cancer. Tumor samples with high ULK2 and UVRAG
were found to be significantly associated with mucinous colorectal adenocarcinoma, indicating unfavorable prognosis.

TME plays a crucial role in modulating the rate of invasion and metastasis in colorectal cancer (CRC). The interaction
between CRC cells and their microenvironment is influenced by various factors, with the tumor microsatellite status (MSI
vs. MSS) being one of the key determinants. Patients with MSS tumors generally have a worse prognosis compared to
those with MSI tumors.”’ Using the GENT2 web tool,” our study observed that KLF8 expression was significantly
higher in MSS tumors, while KLF3 expression was higher in MSI tumors. This finding was further validated through
qPCR analysis, where we confirmed that the MLH1+/- cell line, representing the MSS subtype, exhibited significantly
higher KLF8 expression than the HCT 116 cell line, representing the MSI phenotype. Importantly, KLF8 has been
identified as a novel regulator of DNA damage response pathways in breast cancer.®' Ineffective DNA repair can lead to
genomic instability, which impacts cellular functions and contributes to cancer development. KLF8 interacts with
PARP-1 and other DNA damage regulators, forming a complex that influences cellular functions and alters DNA repair,
thereby affecting genomic stability and contributing to enhanced cancer progression.®'-*> However, further investigations
are warranted to elucidate the specific role of KLFS8 in the context of MSS phenotype in CRC. Understanding the
involvement of KLF8 in regulating DNA repair pathways and its impact on genomic instability could provide valuable
insights into the mechanisms underlying MSS CRC progression and potential therapeutic strategies.

The MSI and MSS subtypes have distinct immunogenic microenvironments besides variable genomic instability.
It has been established that the MSI tumors had more immune infiltrating cells than the MSS tumors, which typically
have a higher abundance of immune infiltrating cells than MSS tumors.®* Among these immune cells, cytotoxic CD8+
T-lymphocytes (CTL) are considered the primary defense mechanism against tumor cells. The abundance of T cells is a
significant and important prognostic indicator for the effectiveness of immunotherapy and chemotherapy.®* Regulatory
T-cells (Tregs) are another crucial form of T-cells closely associated with colorectal tumors.

High infiltration of immune cells, including CD8+, CD4+, neutrophils and NK cells, was correlated with KLF3
expression in our analysis. In contrast, KLF8 expression was significantly negatively correlated with CD8+ and NK
cells, whereas it was significantly positively correlated with Tregs and M2-type macrophages. These results suggest that
KLF3 and KLFS8 can potentially serve as prognostic indicators for immunotherapy efficacy. The differential associations
of these transcription factors with specific immune cell populations highlight their potential role in shaping the tumor
microenvironment and influencing the response to immunotherapy in CRC.

Autophagy has a major influence on the tumor-specific CD8+ T cells®” and is found to be crucial for the activity of
effector and memory T-cells.”® However, the role of autophagy in tumor immunity is complex and can have both
promoting and inhibitory effects on tumor progression. Autophagy has been shown to contribute to the degradation of
cytolytic granules secreted by cytotoxic CD8+ T cells and natural killer (NK) cells, thereby dampening their antitumor
activity.””°® Additionally, autophagy plays a role in the immunosuppressive function of regulatory T (Treg) cells, which
rely on autophagy for their suppressive effect.”” In the tumor microenvironment, tumor-associated macrophages (TAMs)
of the M2 phenotype have been shown to promote tumor growth, angiogenesis, and metastasis.’’
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Conversely, M1 macrophages have been implicated in inhibiting tumor progression.”' Autophagy has been found to
participate in the production and polarization of macrophages, with Toll-like receptor-2 (TLR2) deficiency resulting in
impaired autophagy and the generation of M2-type macrophages that support tumor progression.’” Furthermore,
autophagy induction in TAMs has been shown to promote apoptotic cell death, restrain proliferation, and enhance
radiosensitivity in colorectal cancer.’” These findings highlight the complex role of autophagy in modulating the tumor
microenvironment and its impact on cancer progression. It is important to note that the role of autophagy in cancer is
dynamic and can vary depending on the specific context and stage of tumor development. While our bioinformatics
analysis using the TIMER web tool explored the correlation between immune infiltrating cells and autophagy genes in a
comprehensive CRC patient dataset, further studies are needed to investigate the specific subtypes and stages of CRC to
gain a deeper understanding of the relationship between autophagy and the immune microenvironment in different
contexts.

In colorectal cancer (CRC), the differential expression of autophagy genes is likely regulated through epigenetic
mechanisms rather than gene mutations. In the presence of microsatellite instability (MSI), alterations in the crucial
autophagy gene UVRAG can lead to truncated mutations, resulting in dysregulated UVRAG expression and subsequent
tumor growth.”* Similarly, KLF8 has been found to have an amplification mutation and higher mRNA levels in CRC
compared to KLF3. To further investigate the regulation of gene expression, we evaluated the promoter methylation
levels of KLF3 and KLF8. Promoter methylation is known to affect mRNA expression by influencing the accessibility of
DNA to transcriptional machinery. Previous studies in prostate cancer cells have shown a negative association between
DNA methylation at the promoter region of various KLF genes, including KLF3 and KLF8, and their mRNA expression
levels.”” In our analysis, we observed a significant decrease in KLF3 promoter methylation levels in late CRC stages. In
contrast, KLF8 promoter methylation levels were significantly decreased in stage 4 CRC and late stages of lymph node
metastasis.

Autophagy, in this context, promotes cell survival and progression by suppressing cell death.”®’® In various cancers,
including colorectal cancer (CRC), a significant correlation has been observed between the expression of autophagy
genes and the activation of the RAS-MAPK pathway. Specifically, ATG7 has been found to correlate with the activation
of the RAS-MAPK pathway in CRC. Furthermore, autophagy has been implicated in activating epithelial-to-
mesenchymal transition (EMT), a critical process in tumor progression and metastasis. While many autophagy genes
are generally correlated with EMT activation in different cancer types, specific to CRC, UVRAG and ULK2 have shown
a significant correlation with EMT activation. These findings highlight the intricate relationship between autophagy and
key signaling pathways, such as RAS-MAPK and EMT, in promoting cancer development and progression. Targeting
autophagy, particularly in the context of these specific pathways, may hold promise for future therapeutic interventions in
CRC and other cancers.

One of the most potent inducers of EMT is transforming growth factor-beta (TGF-f), which activates both Smad and non-
Smad signaling pathways. Notably, KLF8 has been identified as one of the downstream targets of TGF-p signaling.’’
Inhibition of extracellular signal-regulated kinase (ERK) signaling has been shown to reduce both KLF8 expression and
cellular motility.”®

The primary limitation of our study lies in its reliance on a single cell line, HCT 116 to perform CRISPR/Cas9 gene
editing technique to knockout ATGS5/7. However, we used several cell lines in our experiments. Generalizing our findings
to broader biological scenarios should be approached with caution, recognizing the need for further investigation across
multiple cell lines to enhance the robustness and applicability of our results.

Conclusions

The current study highlights the potential therapeutic significance of targeting both KLF8 and autophagy in treating
metastatic colorectal cancer (CRC), in particular, MMR deficient subtypes. A synergistic effect may be achieved by
simultaneously inhibiting KLF8, which is implicated in cellular motility, proliferation, and transcriptional regulation, and
autophagy, which has been linked to tumor progression and resistance to chemotherapy. This combined approach could
potentially enhance treatment efficacy by targeting multiple pathways involved in CRC metastasis and chemoresistance.
Further studies are warranted to explore the feasibility and effectiveness of this therapeutic strategy in preclinical and
clinical settings.
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Figshare: Unraveling the interplay of autophagy genes and KLF3/KLF8 in Colorectal cancer metastasis: A bioinfor-
matics and cellular exploration, https://doi.org/10.6084/m9.figshare. 25655457 .v2.*!

This project contains the following underlying data:

» Data file: The data is whole transcriptomics analysis (RNAseq) of 7 samples of isogenic colorectal cancer cell
line HCT116 (parental wild HCT116, HCT116_negatic control, HCT116_Knocked out for ATGS,
HCT116_Knocked out for ATG7). The cells were knocked out using Caspase Cas9 (ribonucleoprotein).
RNA-seq data were analyzed using the Ion Torrent Software Suite version and the alignment was carried out
using the Torrent Mapping Alignment Program (TMAP).

» Data file: Full western blot gel for protein expression of ATGS5 and ATG7 in HCT 116, HT29, LoVo and
SK-CO-1).

Data are available under the terms of the Creative Commons Attribution 4.0 International license (CC-BY 4.0)
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Mohammad Azhar Aziz
Aligarh Muslim University, Aligarh, Uttar Pradesh, India

This manuscript aims to establish relationship among the autophagy genes and transcriptions
factors KLF3/8 in a metastatic colorectal cancer model. The manuscript undertakes several
computational approaches to delineate the relationship and used their own cell lines with ATG5/7
knockout generated using CRISPR/Cas9. This study needs a complete redesign and following
points would be helpful. However, these are just examples to prompt the authors about
redesigning their study for proper conclusions, there are many other instances which would need
attention. The figures are of poor quality and hence does not allow proper understanding of data.
Figures are not even readable. Some of my comments may be due to poor figure qualities (Figures
1-4).

1. There is an existing pair of cell line SW480/620 which would serve as a better model for studying
CRC progression into metastasis. Comparing HCT116 with LOVO and SK-CO-1 may not be the right
testing model. While LOVO is stage 4 representation, what is the purpose for SK-CO-17?. Please
provide reference or evidence that SK-CO-1represents metastatic stage. On ATCC website its
mentioned that it was derived from Colorectal Adenocarcinoma?

2. Was it ascertained that there is no change of GAPDH before using it as housekeeping control for
gRT-PCR?? This can be done by using the transcriptomics data.

3. Figure 1 does not show any marking with the arrows. Its very low resolution that makes it
impossible to understand any result given in Figure legend. Why there is no discussion about the
TBC1D22B gene along with KLF3??

4. One copy of MLH1 knock in is insufficient evidence for MSS stability. Although it has been used
earlier but not suitable for gene expression studies where gene copy number is numerically linked
to mRNA levels.

5. Figure 2: KLF3 comparison is between Stage 1 and 2/3 whereas for KLF8 its only 1 and 4. Why?
Why methylation patterns do not correlate with expression level. Figure 2 does not conclude that
KLF3/8 are associated with 'progression' of CRC. It just shows expression of KLF3/8 at a particular
stage of CRC. Progression evidence would need the study that shows halting of progression
through abolishing the KLF3/8 function.

6. Figure 3: What is the KLF3/8 levels in ATG5/7 knockout cell line? Where is the data for
transcriptomic analysis of the KO cell lines??
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7. Figure 4: Where is the data for EMT markers in ATG5/7 knockout cell line??

8. KLF3 is known to effect the Wnt Signaling pathway which is crucial for CRC. However, it has not
been analyzed or discussed anywhere. Why??

Authors should redesign the study and provide complete data to allow independent analysis
before concluding the inhibition of KLF3 and autophagy genes as therapeutic targets.

Is the work clearly and accurately presented and does it cite the current literature?
No

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
I cannot comment. A qualified statistician is required.

Are all the source data underlying the results available to ensure full reproducibility?
No

Are the conclusions drawn adequately supported by the results?
No
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?

Aamir Ahmed
University College London, London, England, UK

Unlike the unexceptional sequencing manuscripts that abound, currently, this is an interesting
investigation that uses gene knockout followed by transcriptomic analysis of HCT 116 knockout
and correlates certain significant cellular pathways in colorectal carcinogenesis.
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The study is largely exploratory without an overarching hypothesis, however, it is well designed
and provides useful new information to justify publication.

I have the following suggestions for the authors to consider in their revision. There are two
aspects to this (1) notions that could be incorporated into a revised manuscript mostly by further
analysis of the transcriptomic data that they have already accumulated (2) to consider adding
simple biochemical aspects to provide a true biological validation of their conclusions.

1. Additional analysis of sequencing dataset:

1.1. The authors show an interest in autophagy in CRC. Autophagy is a well investigated
mechanism in eukaryotes from yeast to man. There are three main types of autophagy in
mammalian cells with distinct mechanistic operations, namely, micro-, macro- and chaperone
mediated autophagy. The authors may wish to interrogate and classify these in their knockout
cells to identify if these are differentially manifested. It would then be important to discover if
different grades of cancer show any difference associated with at least the three key types of
autophagy.

1.2. Autophagy has been extensively studied in model organisms such as yeast (e.g. Reggiori, F et
al2013,)[ Ref 1]. It would give this manuscript another and useful dimension if the authors
compare genetic regulation of autophagy in yeast compared to their dataset (
https://www.yeastgenome.org/search?g=autophagy&category=dataset).

2. Biochemical validation of knockout cells with regards to autophagy:
The abstract states that “.....which revealed an upregulation of KrUppel-like factor 3 (KLF3)
expression, that was biologically validated”.

I am not sure what is exactly meant by ‘biological validation? The only reference I found in the
manuscript related to gPCR confirmation data. The authors have an excellent opportunity to
complement their sequencing analysis with a true biological validation of the mechanism of
autophagy and how it may relate to colorectal cancer cell lines. As a paradigm for biological
validation the authors should consider the following experiments.

2.1. mTOR kinase: I was surprised to see that there is no discussion of this kinase in the
manuscript which is a key mechanistic link for autophagy in cells. For example, it is known that
over-expression of members of KLF family inhibits mTOR (mammalian Target Of Rapamycin)
activity (e.g. Wang, Y. et al 2012) [Ref 2]. It is important that an assessment of mTOR activity is
made in the knockout cell lines. A rather simple way of doing this would be, for example, to
measure the phosphorylation status of ribosomal S6 protein.

2.2. Autophagy and mTOR are in turn tightly linked to the nutritional status of cells. It will be
important to know if the ATG knockout cells exhibit alterations in growth patterns or the
nutritional status?

2.3. Most genetic regulation of carcinogenesis involves mutation or disruption, not complete
knockout of genes, which is rare. This presents a problem for the extrapolation of gene knockout
data from model systems (e.qg. cell lines) to the human disease as it is the gene dose which could
be critical in the evolution of disease. An important biological validation of the authors’ gene
knockout model would be to conduct experiments where the protein products of two autophagy
genes(ATG5 and ATG7) are inhibited in the cell lines followed bymtranscriptomics. A comparison
of the transcriptome from knockout vs inhibition model strengthen the manuscript. Furthermore,
it should be noted that for enzymes such as ligases and kinases, it is not the gene expression
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levels that are critical, rather it is the activity of these enzymes that determine the functional
outcome in cells. The authors need to address these issues in their revision.

Other comments:

I noticed some errors in the text of the manuscript. A few examples are highlighted below,
however, I suggest that the authors conduct a thorough edit of the manuscript.

1. “However, KLF8 sowed significant negative correlations with the infiltration of CD8+ T cells, NK cells”
Comment: Spelling

2. Regulation of autophagy is mediated via several transcription factors, or a transcriptional gene
network. Add that autophagy inhibition did not show a marked suppressing effect on cancer cell
proliferation, however, compelling evidence supports the notion that autophagy actively
contributes to the migration and invasion of cancer cells.

Comment: Non-sequitur, grammar

3. “Autophagy, a cellular process, plays a significant role in the development of CRC and renders
cancer cells less susceptible to chemotherapy”.

“Autophagy may act as a tumor suppressor in the early stages of tumor formation, but it appears
to promote tumor growth once tumors have already developed".

Comment: Citation for these statements please

4. "KLF3/KLF8 expression level was elevated in late stages of CRC cells”
Comment: You mean CRC as in cancer not CRC cell lines?

- I have not come across any supplementary data. Although not always adhered to but the original
sequencing dataset should be provided.
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Are the conclusions drawn adequately supported by the results?
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