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1. Abstract 

1.1. Background 

Two classical models have been proposed for the development of 

colorectal cancer (CRC) from colon epithelial cells. The first model 

described the process of transformation of adenoma to cancer, and 

other, the transformation from serrated polyps to cancer. However, 

clinical data showed that there is still a certain amount of CRC is not 

derived from the above two pathways, forming the theoretical island 

of CRC pathogenesis. Laterally spreading tumor (LST) is a special 

digestive tract tumor, and an important precancerous lesion of CRC. 

Pathologically, LST has certain similarities to colorectal polyps and 

adenoma. However, the molecular mechanism of the LST associated 

carcinogenesis remained unclear. Therefore, we proposed a two-stage 

cascade mutation hypothesis for LST cancerization. This exploration 

would have potential value for early diagnosis and precise treatment 

of CRC. 

1.2. Methods 

Based on the mRNA data of 25711 samples from 980 healthy donors 

in the genotype-tissue expression (GTEx) v8 database, pan-cancer 

mRNA-sequencing (mRNA-seq, n = 11057) and survival (n = 10121) 

data were downloaded from the TCGA database. We performed a 

differential expression analysis of ATM, ANO5, APC, and TP53 in 

pan-cancer and adjacent normal samples. Survival analysis of these 

genes was also performed in pan-cancers. Furthermore, we validated 

the noneffective role of PIK3CA signaling pathway in two cell 

lines, LS174T and SW1116 by constructing three SiRNA (PIK3CA- 

SiRNA-1, PIK3CA-SiRNA-2, PIK3CA-SiRNA-3), to confirm the 

vital role of TGFβand p53 signaling pathway involving in LST 

cancerization. 

1.3. Results 

The expression profiles of ataxia-telangiectasia mutation genes 

(ATM), anaerobide 5 (ANO5), adenomatous polyposis (APC) 

and oncoprotein 53 (TP53) in human normal and pan-cancer 

samples were examined and found that ATM, ANO5, and APC 

were significantly downregulated in rectal adenocarcinoma, colon 

adenocarcinoma, and their joint samples. In contrast, TP53 showed 

an obviously higher level in all of above samples than that in normal 

samples. Furthermore, the survival analysis results indicated that 

ATM, ANO5, APC, and TP53 expression were correlated with 

the overall survival (OS) of colorectal cancer patients. Information 

analysis of differential gene expression associated with LST 

showed that two products, ATM and ANO5, which closely related 

to the Golgi apparatus fragmentation in LST samples presented a 

significantchanges. These findings suggested that early APC mutations 

induced a Golgi fragmentation event, weakened the expression of 

wild-type TP53 transcription factor MDM2 and TP73, modulated 

the stability of mutant TP53, ultimately promoted the carcinogenesis 

process of the LST. The SiRNA interference test showed that the 

expression level of PIK3CA was not significantly different from the 

control group, suggesting that PI3K signaling pathway is not closely 

associated with LST carcinogenesis. 
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1.4. Conclusions 

These observations suggest the existence of a unique and novel 

pathway for the development of CRC from LST, and future studies 

of potential CRC treatment should focus on this newly identified 

mechanism. 

2. Introduction 

In 2020, the World Health Organization International Agency 

for Research on Cancer officially released the latest cancer data, 

showing a 10.2% and 12.2% incidence of colorectal cancer (CRC) 

[1,2]. Consequently, CRC was ranked the third and second highest 

in malignant tumor spectrum and in China, respectively, while its 

mortality of 9.2% ranked it the second highest among all cancers[1,2]. 

Most incidences of CRC develop from benign polyps (adenomas 

and serrated polyps) through a series of genetic and epigenetic 

changes that occur over 10 to 15 years[3,4].A laterally spreading 

tumor (LST) is a special digestive tract tumor that is an important 

precancerous lesion of CRC. Its morphological features are hidden 

and, consequently, it is easily misdiagnosed. LST can develop into 

progressive CRC within 3 years with a very poor prognosis[5]. Large- 

scale controlled studies have shown that LST patients have an 8.4%- 

52.5% possibility of developing CRC, and benign LST lesions can 

develop into advanced CRC within 3 years[5].Pathologically, LST 

has certain similarities to colorectal polyps and adenoma, and the 

molecular mechanisms underlying their progression to carcinoma 

have been clearly elucidated. However, studies on how LST 

develops into CRC are rare, and the molecular mechanism of the 

associated carcinogenesis is unclear. Therefore, systematically and 

comprehensively exploring the molecular mechanisms underlying the 

malignant transformation of LST to CRC is critical. Specifically, the 

exploration would have potential theoretical significance and clinical 

value for early diagnosis and precise treatment of CRC. Here, we 

present a potential alternative pathway mediating the development 

of CRC, particularly from LST, with critical molecular characteristics, 

which would facilitate the design of a novel strategy for targeted 

therapy. 

3. Mechanism of Crc Development 

Two classical models have been proposed for the development and 

progression of CRC from colon epithelial cells. The first model 

describes the process of transformation of adenoma to cancer, 

mainly initiated by mutations in the adenomatous polyposis coli 

(APC) gene. In this model, APC mutation is followed by mutations in 

Kirsten rat sarcoma viral oncogene homolog (KRAS)/neuroblastoma 

rat sarcoma viral oncogenes, mothers against decapentaplegic 

homolog 4, and finally, tumor protein p53 (TP53).The other model 

describes the transformation from serrated polyps to cancer, with 

the driver mutation of catenin beta 1 secondary to mutations of 

KRAS/B-Raf proto-oncogene, serine/threonine kinase (BRAF), 

and phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic 

subunit alpha[6]. These mutations eventually result in transforming 

growth factor-beta receptor type 2 (TGFRB2) overexpression[6]. 

The main signaling molecules involved are Wnt, mitogen-activated 

protein kinase (MAPK), phosphoinositide 3-kinase (PI3K)/Akt, 

and TP53, which are hyperactivated[7]. Several other signaling 

pathways, involving hedgehog, erb-b2 receptor tyrosine kinase, ras 

homolog family member A, Notch, bone morphogenetic protein, 

Hippo, AMP-activated protein kinase, nuclear factor kB, and Jun N 

terminal kinase, also participate in the occurrence and development 

of CRC[8]. 

4. Truncated Apc Mutation 

Several studies have indicated that APC mutations are extremely 

important in both the mutation frequency and different stages of 

CRC tumor development[9-11]. APC is the “gatekeeper” gene of the 

colorectal mucosal epithelium and the key molecule regulating colon 

epithelial cell homeostasis, polarity, and movement. APC acts as a 

tumor suppressor gene of CRC and 80% of sporadic CRCs harbor 

mutations, which are widely considered an early event in colorectal 

malignancy. Somatic point mutations of APC mainly occur in the 

mutation cluster region (MCR); however, APC contains several other 

mutations in its protein-coding region[9,10].The most important 

cytological events after mutation in the MCR are the structural 

truncation of APC (amino acid sequence from 1362 to 1540, namely, 

the APC-2,3 repeats) and lack of axin, catenin, microtubules, and 

other binding sites[11]. Mutations in truncated APC result in the loss 

of the microtubule-binding properties of APC and further reduce 

microtubule stability. Truncating mutations cause APC to lose the 

properties of normal tumor suppressor genes and show “acquired” 

proto-oncogene properties, including abnormal cell proliferation and 

survival, chromosomal instability, and increased migration.Truncated 

APC binds to and activates APC-stimulated guanine nucleotide 

exchange factor (ASEF), which is closely related to actin remodeling 

and movement and causes significant changes in cell structure and 

function[12]. Knockdown of ASEF or APC-truncating mutations 

markedly reduces cell migration; however, overexpression of full- 

length APC does not increase ASEF-mediated cell migration. The 

Golgi complex is a dynamic organelle that is essential for sorting, 

processing, and transporting proteins by which the stability of cellular 

structures is maintained.Fragmentation of the Golgi apparatus 

is observed in age-related diseases including Alzheimer’s disease, 

Parkinson’s disease, and cancer[13]. The Golgi apparatus may be 

closely involved in the development of human diseases; however, 

the mechanisms and significance of its fragmentation are poorly 

understood. APC-truncating mutations induce fragmentation of the 

Golgi apparatus and lead to structural reorganization of cytoskeletal 

proteins and actin[13]. This causes cells to exhibit abnormal biological 

behavior, such as loss of polarity and increased migration[13]. 

Therefore, APC-truncating mutations driven by Golgi fragmentation 

are an important event in normal cells.Mutation-rich regions of 

APC in the normal mucosa, LST, colorectal adenocarcinoma, and 

colorectal adenoma specimens were detected using polymerase 
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chain reaction-single-strand conformation polymorphism[14]. The 

results of that study showed that while no APC mutations were 

observed in the normal mucosa of the large intestine, the mutation 

rates were 25%, 30%, and 27.8% in LST, colorectal adenocarcinoma, 

and colorectal adenoma, respectively[14]. The difference in rates 

between the specimens was not statistically significant and the results 

were consistent with other reported APC mutation rates of 15.5%- 

42.4% in LST specimens. Two recent studies showed APC mutation 

frequencies of 80% (10 samples) and 57% (14 samples) in LST[15]. 

Therefore, APC mutation may act as an important initiator in LST 

development[16]. 

5. Tp53 and Crc 

TP53 and CRC are important intracellular tumor suppressor genes, 

and the main biological function of TP53 is the repair of cellular 

damage. Normal TP53 can be used to monitor the integrity of 

genomic DNA in real time. During DNA damage, TP53 stops cell 

division at the G1/S phase to allow cells to have enough time to 

repair the damage. For irreparable DNA damage, TP53 induces 

programmed apoptotic cell death, thereby inhibiting the generation 

of possible mutant cancerous cells[17,18].TP53 mutations primarily 

occur during the middle and late stages of carcinogenesis. Numerous 

TP53 mutations reduce the proportion of wild-type TP53 and 

weaken its function in monitoring genomic DNA integrity, thereby 

allowing tumorigenesis[19]. Studies on TP53 and LST are scarce, 

and a recent comprehensive and unbiased screening of the genome, 

epigenome, and transcriptome was conducted based on the Cancer 

Genome Atlas (TCGA) database[14].Bioinformatic data integrated 

from 11 LST samples and validated in an additional cohort of 84 

benign colorectal injury samples, identified several high-frequency 

genetic, epigenetic, and transcriptional alterations[14]. Deletions 

occurred in chromosomes 1p, 5q, 14q, and 18, whereas doubling 

occurred in chromosomes 7, 8, 13, 19, and 20. Furthermore, these 

alterations were highly prevalent in the panel of the colorectal 

and rectal adenocarcinoma validation groups. The main signaling 

pathways associated with LST are axonal guidance, thyroid cancer, 

human embryonic stem cell pluripotency (Nanog homeobox), and 

Wnt/β-catenin.Cohort validation studies compared 10 LSTs with 212 

CRC samples with a focus on five major altered signaling pathways, 

Wnt, TGF β, PI3K, MAPK, and P53[20,21]. The results showed 

that the differences in the TGFβ and TP53 signaling pathways were 

significant[20,21]. The results suggested that ataxia-telangiectasia 

mutated (ATM), a very important molecule in the TP53 pathway, 

was significantly increased, which stabilized TP53 molecules. The 

expression of another very important gene, anoctamin 5 (ANO5), was 

significantly reduced, leading to mitochondrial fragmentation.Our 

results based on TCGA data analysis also confirmed a significantly 

low expression level of ANO5 in LST. The expression of the Golgi 

fragmentation-related genes ATM and ANO5 was significantly 

different. This differential expression weakened the expression of 

the wild-type TP53 transcription factors MDM2 proto-oncogene 

(MDM2) and TP73, and subsequently modulated TP53 stability 

in the TP53 signaling pathway. These two important signaling 

molecules are closely related to the stability of TP53 mutants. These 

data suggest that TP53 mutation has a unique molecular mechanism 

that differs from that in polyps and adenomas in CRC development 

from LST. 

6. Special Gene Expression Analysis 

Identifying the major role of p53 signaling pathway involved in the 

transformation from LST to CRCAccording to the existing literature 

analysis, the significant differentiation of gene expression between 

the two signaling pathways PI3K and p53 is closely linked in CRC 

and LST, but the mechanism of how these two signaling pathways 

regulate LST malignant transformation is not clear, and whether they 

act independently or synergistic epistasis has been reported by studies. 

Based on these information, combining the results of the recent 

literature to compare the frequency and levels of gene mutations 

on PI3K and p53 signaling pathways with significant expression 

level differences in CRC and LST tissues from the same tissue 

origin, the putative PI3K signaling pathway is the signaling pathway 

underpinning our proposed hypothesis, we constructed three SiRNA 

for the PIK3CA protein (PIK3CA-SiRNA-1, PIK3CA-SiRNA-2, 

PIK3CA-SiRNA-3), and undergo interference experiments in two 

cell lines, LS174T and SW1116. Results showed that: compared 

with the blank control group, There was no significant difference 

in the expression level of PIK3CA protein (Figure 1-I, II, III), This 

suggests that LST is not closely related with p53 signaling pathway in 

the progression of LST transforming to CRC rather than involved 

by PI3K one.Thereafter, based on the mRNA data of 25711 samples 

from 980 healthy donors in the genotype-tissue expression (GTEx) 

v8 database, pan-cancer mRNA-sequencing (mRNA-seq, n = 11057) 

and survival (n = 10121) data were downloaded from the TCGA 

database. We then performed a differential expression analysis of 

ATM, ANO5, APC, and TP53 in pan-cancer and adjacent normal 

samples. Survival analysis of these genes was also performed in pan- 

cancers.We analyzed the expression profiles of ATM, ANO5, APC, 

and TP53 in human normal and pan-cancer samples and found that 

ATM, ANO5, and APC were significantly downregulated in rectal 

adenocarcinoma (READ), colon adenocarcinoma (COAD), and 

READ-COAD samples. In contrast, TP53 showed an obviously 

higher level in READ, COAD, and READ-COAD samples than in 

normal samples. 

Furthermore, the survival analysis results indicated that ATM, ANO5, 

APC, and TP53 expression were correlated with the overall survival 

(OS) of lung squamous cell carcinoma (LUSC), thyroid carcinoma 

(THCA), mesothelioma (MESO), pancreatic adenocarcinoma 

(PAAD), COAD, brain lower grade glioma (LGG), and breast 

invasive carcinoma (BRCA) patients. 
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Figure 1-I, II, III: PIK3CA expression in LS174T cells after SiRNA interference. 

6.1. Analysis of ATM, ANO5, APC, and TP53 Expression in 

Normal and Pan-Cancer Samples 

We analyzed the expression profiles of ATM, ANO5, APC, and TP53 

in normal human tissues based on transcripts per million (TPM) values 

from the GTEx v8 database. The results indicated that ATM, ANO5, 

APC, and TP53 were highly or moderately expressed in most organs 

or tissues (1 < average TPM < 32), except that ANO5 expression was 

low in the whole blood, vagina, and breast (average TPM < 1).Then, 

we performed a differential expression analysis of mRNAs for these 

genes across 18 cancer types that had over five pairs of cancer- 

adjacent samples based on the log2[fragments per kilobase of exon 

per million mapped fragments (FPKM) + 1] data from TCGA.Table 

1 shows that the expression of TP53 was significantly upregulated 

in bladder cancer (BLCA), cholangiocarcinoma (CHOL), COAD, 

esophageal carcinoma (ESCA), glioblastoma multiforme (GBM), 

kidney renal clear cell carcinoma (KIRC), kidney renal papillary 

cell carcinoma (KIRP), liver hepatocellular carcinoma (LIHC), lung 

adenocarcinoma (LUAD), LUSC, prostate adenocarcinoma (PRAD), 

READ, stomach adenocarcinoma (STAD), THCA, and uterine 

corpus endometrial carcinoma (UCEC) and downregulated in kidney 

chromophobe (KICH), compared with the expression levels in 

cancer-adjacent samples (|log2FC| > 0.19, 4.99E-12 < P < 0.03). The 

ANO5 level was significantly higher in KICH and obviously lower in 

BLCA, BRCA, COAD, ESCA, GBM, HNSC, KIRC, KIRP, LUAD, 

LUSC, PRAD, READ, STAD, THCA, and UCEC than in cancer- 

adjacent samples (|log2FC| > 0.46, 2.36E-26 < P < 0.003).APC 

expression was significantly upregulated in CHOL and LIHC relative 

to that in cancer-adjacent samples and an obvious downregulation 

was noticed in BLCA, BRCA, COAD, GBM, HNSC, KICH, KIRC, 

KIRP, LUAD, LUSC, PRAD, READ, THCA, and UCEC (|log2FC| 

> 0.25, 1.46E-15 < P < 0.03). In addition, the ATM expression was 

obviously upregulated in CHOL, KIRC, LIHC, and STAD compared 

to that in cancer-adjacent samples. In contrast, BLCA, BRCA, 

KICH, LUSC, PRAD, THCA, and UCEC (|log2FC| > 0.12, 2.14E- 

16 < P < 0.049) were obviously downregulated.We also analyzed the 

difference in expression among COAD, READ, and their cancer- 

adjacent samples based on the merged and batch-normalized TPM 

expression data of the GTEx and TCGA. The results showed that 

ATM, ANO5, and APC were significantly downregulated, whereas 

TP53 showed an obviously higher expression in READ, COAD, and 

READ-COAD samples than in normal samples (P < 0.001). 

 

Table 1: Identification of ataxia-telangiectasia mutated, anoctamin 5, adenomatous polyposis coli, and tumor protein 53 expression in pan-cancer samples. 
 

Cancer APC  TP53  ATM  ANO5  

type LogFC P value LogFC P value LogFC P value LogFC P value 

BLCA -0.28889 0.005445 0.314908 0.032102 -0.27112 0.002207 -0.75984 5.46E-07 

BRCA -0.37268 1.46E-15 0.070558 0.261271 -0.41783 2.30E-16 -0.26734 2.03E-17 

CHOL 0.798977 4.07E-06 2.043449 1.51E-07 0.718097 8.17E-06 -0.08998 0.123426 

COAD -0.57688 2.42E-15 0.505369 4.40E-09 0.086761 0.429393 -1.16109 3.06E-24 

ESCA 0.134442 0.480134 0.792589 0.011648 -0.0696 0.629714 -0.81744 0.003288 

GBM -1.01588 0.000957 2.388451 0.000173 0.016551 0.761476 -1.26367 0.001745 
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HNSC -0.18476 0.004628 -0.08774 0.958273 0.116251 0.114312 -0.82404 7.30E-09 

KICH -0.32313 0.003139 -0.63636 1.15E-07 -0.42688 1.83E-05 0.889727 7.05E-07 

KIRC -0.12313 0.033897 0.452895 2.19E-16 0.476935 2.14E-16 -1.43405 4.66E-34 

KIRP -0.34452 1.85E-05 0.784867 3.85E-12 0.110608 0.113455 -0.50628 2.70E-09 

LIHC 0.253395 8.34E-06 0.41186 5.80E-06 0.187905 0.000776 0.070468 0.537737 

LUAD -0.4475 1.24E-13 0.430958 3.79E-09 0.14328 0.135749 -0.46868 9.13E-13 

LUSC -0.51847 1.39E-15 0.467462 0.000189 -0.14078 0.016441 -0.73565 5.71E-25 

PRAD -0.17991 0.011276 0.193039 0.000387 -0.12553 0.049659 -0.89276 6.11E-19 

READ -0.71729 3.89E-05 0.638392 0.007547 -0.18753 0.144797 -1.5861 1.99E-07 

STAD 0.025202 0.628002 0.660337 1.23E-06 0.321073 0.001535 -0.63734 2.77E-05 

THCA -0.36112 1.91E-13 0.320993 4.99E-12 -0.40106 1.15E-13 -0.89401 2.36E-26 

UCEC -0.34584 3.78E-06 0.552104 1.66E-08 -0.56028 9.35E-14 -0.63913 2.84E-15 

BLCA: Bladder urothelial carcinoma; BRCA: Breast invasive carcinoma;CHOL: Cholangiocarcinoma; COAD: Colon adenocarcinoma;ESCA: Esophageal 

carcinoma;GBM:Glioblatoma; HNSC: Head and neck squamous cell carcinoma;KICH: Kidney chromophobe; KIRC: Kidney renal clear cell carcinoma;KIRP: 

Kidney renal papillary cell carcinoma;LIHC: Liver hepatocellular carcinoma; LUAD: Lung adenocarcinoma; LUSC: Lung squamous cell carcinoma; PRAD: 

Prostate adenocarcinoma;READ: Rectal adenocarcinoma esophageal; STAD: Stomach adenocarcinoma; THCA: Thyroid carcinoma;UCEC: Uterine corpus 

endometrial carcinoma;APC: Adenomatous polyposis coli; ANO5: Anoctamin 5; ATM: Ataxia-telangiectasia mutation; TP: Tumor protein. 

6.2. Association of ATM, ANO5, APC, and TP53 with Cancer 

Prognosis 

To explore the role of ATM, ANO5, APC, and TP53 in pan-cancer 

prognosis, we conducted a survival analysis in pan-cancers based 

on the log2(FPKM + 1) data and clinical survival data of 33 cancer 

types. The survival map of ATM, ANO5, APC, and TP53 expression 

in pan-cancers indicated that the expression of these four genes 

was correlated with OS in LUSC, THCA, MESO, PAAD, COAD, 

LGG, and BRCA. The relationship between ATM, ANO5, APC, and 

TP53 and the OS of cancer patients (aP < 0.05, bP < 0.01, and cP 

< 0.001) was identified.Briefly, LUSC or THCA patients with ANO5 

expression had a poor OS [1.40 < hazard ratio (HR) < 3.80, P = 

0.014], whereas MESO or PAAD patients with ANO5 expression 

showed a good OS (0.53 < HR < 0.57, 0.0031 < P < 0.018). ATM 

expression was indicative of a poor OS in COAD (HR = 1.70, P = 

0.038). TP53 expression was positively associated with a poor OS 

in BRCA (HR = 1.40, P = 0.038), LGG (HR = 1.60, P = 0.0067), 

and PAAD (HR = 12, P = 0.0033). In contrast, ATM expression 

exhibited a positive association with good OS in COAD (HR = 0.54, 

P = 0.012). Moreover, APC expression showed a good co-relation 

with OS in BRCA (HR = 0.49, P = 9E-06). 

7. Conclusion 

APC-truncating mutations driven by Golgi fragmentation are a very 

important cellular event, which can cause loss of the microtubule 

binding properties of APC. This effect further reduces microtubule 

stability, resulting in abnormal cell proliferation and survival, 

chromosomal instability, and increased migration. Downstream 

characteristics of Golgi fragmentation include gene expression 

alterations with ATM upregulation and ANO5 downregulation, 

which are significant in LST. These observations suggest the existence 

of a unique and novel pathway for the development of CRC from 

LST, and future studies of potential CRC treatment should focus on 

this newly identified mechanism. 
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