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Abstract 

Background: The study aimed to screen mutation of human homeostatic iron 

regulator (HFE) in colorectal carcinoma (CRC)  and detect their associations with  

clinicopathological parameters.  

Methods: Expression of HFE was determeined by quantitatie polymerse chain reaction in 

matched CRC and non-neoplastic colorectal mucosal tissue of 76 patients were recruited.  

Genomic DNA extracted were subjected to high resolution melt curve  analysis and Sanger 

sequencing to detect mutations of HFE . The associations of the identified mutations with a 

variety of clinical features were determined.    

Results: Approximately 60% of CRC showed low HFE expression. Of the ten mutations 

identified in exons 2 and 4, c.187C>G (H63D), c845G>A (C282Y), c.193A>T (S65C), 

g.3828T>C, g.5795T>C and g.5728G>A were known mutations.  Four novel mutations were

discovered; c.184G>A, c.220T>G, c.322A>C and c.324T>C.  Heterozygous H63D and 

C282Y mutations were seen in 71% and 49% of cancer tissue, respectively.  Tumour site 

(p=0.048) and gender (p=0.039) were significantly associated with H63D and C282Y 

mutation status, respectively. Local spread of cancer was significantly associated with C282Y 

mutations in CRC cancer and adjacent non-neoplastic tissue (p=0.029 & p=0.004, 

respectively). There was a statistically significant association between H63D and C282Y 

negativity in matched non-neoplastic colorectal mucosa tissue and pathological staging of 

cancer (p=0.047 & p=0.001, respectively).  Patients with H63D and C282Y mutations in 

cancer tissue tends to have higher survival rates.   

Conclusion: HFE mutations are common in CRC and  are associated clinicopathological 

parameters, implying the potential clinical significance of HFE mutations in colorectal 

carcinogenesis. 

Keywords: C282Y, H63D, local invasion, staging, microsatellite instability, iron 

homeostasis 
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1. Introduction 

Alterations in iron metabolism are the hallmark of tumorigenesis [1].  Mutations of  

human homeostatic iron regulator  (HFE) located in  6p21.3  which cause hereditary 

haemochromatosis (HH), can give rise to iron overload in cells.  HH is an autosomal 

recessive disease characterized by excessive intestinal iron absorption leading to 

accumulation of intracellular iron and increase of total body iron stores [2].  HFE protein 

encoded by the HFE gene is located primarily on the surface of intestinal and liver cells.  It 

interacts with other proteins such as transferrin receptor 1 (Tfr1) and hepcidin to tightly 

regulate the iron absorption in the cells. When the intracellular iron levels become low, Tfr1 

is responsible for internalizing transferrin bound iron from the bloodstream, mainly at the 

cells of the basolateral surfaces. Tfr1 receptors are present in the villous and crypt epithelium 

of the duodenum, ileum and colon [2]. When the intracellular iron content is high, HFE 

protein binds to Tfr1 and thereby prevents it from binding with transferrin. This reduces the 

internalization of iron, resulting in the correction of intracellular iron excess [3]. Thus, 

dysregulation of HFE has potential roles in iron homoeostasis, especially in the colorectum.  

For example, in HFE-knockout mice supplemented with a standard iron-containing diet,  

elevated concentration of malondialdehyde (a mutagen-marker of oxidative stress) was noted 

in mammary and colon tissues when compared with the HFE knockout mice supplemented 

with a low iron diet [4].  Thus, derangements in HFE mediated iron metabolism plays a 

pivotal role in oxidative stress leading to mutagen accumulation, which could initiate 

carcinogenesis.   

HH is caused mainly by two missense mutations, C282Y (exon 2) and H63D (exon 

4), of the HFE gene [5].  S65C mutation (exon 2) is thought to be associated with HH, but 

specific mechanistic evidence is still lacking. Around 10-15% of the European-American 
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population is heterozygous for HFE mutations and they are noted to have higher than normal 

body iron [4].  Interestingly,  HFE mutations (C282Y and H63D) have been identified as a 

potentiate risk factor of hepatocellular [6], breast [7], colorectal [8] and prostate cancers [9]. 

These studies suggest the roles of deranged iron homeostasis in promoting carcinogenesis. A 

comprehensive meta-analysis by Lv al., concluded that C282Y mutation, but not H63D 

mutation, was associated with increased risk of colorectal and other (breast and 

hepatocellular) cancers risk [10].  A similar finding was replicated in the Melbourne 

Collaborative cohort study, in which, out of 28,509 participants who underwent follow up for 

14 years, C282Y homozygotes were found to have twice the risk of developing breast cancer 

or colorectal cancer whereas  C282Y/H63D compound heterozygotes were not at such risk 

[11]. Meanwhile, other studies did not find increased risk of cancer with  HFE  mutations  

[12, 13].   

Most of the studies available to date are epidemiological and prospective studies of 

germline mutations. There is a lack of laboratory-based experimental studies to explore the 

prevalence of its somatic mutations in colorectal carcinoma (CRC). Thus, the current study 

aimed to determine HFE gene mutations present in the HH mutation prone exons (2 and 4) of 

in  CRC tissue . The clinicopathological correlations of C282Y and H63D mutations  were 

also investigated.   
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2. Materials and Methods 

2.1 Tissue sample and clinicopathological data recruitment 

CRC  and matched non-neoplastic colorectal mucosa tissues (histological 

unremarkable mucosa sampled adjacent to the tumour resection margin) were prospectively 

collected by a colorectal surgeon (CTL) from  patients who underwent colorectal carcinoma 

resections from 2012 to 2014 at Gold Coast University Hospital, QLD, Australia.  The 

samples  collected were immediately snap-frozen with liquid nitrogen and stored at -800C 

until use. Recruitment of patients was consecutive with no selection bias.  Ethical approval 

for the study was obtained from the Griffith University Human Research Ethics Committee 

(GU Ref No: MSC/17/10/HREC). 

 The pathological features of the resected CRC were reviewed by a pathologist  

(AKL) according to the World Health Organization (WHO) criteria [14]. Only primary 

adenocarcinoma was included in this study. The histological sections were also reviewed to 

confirm whether the samples contained at least 70% volume of colon adenocarcinoma. The 

matched mucosal tissue samples were also examined to confirm that they are non-neoplastic 

by a single pathologist (AKL) to confirm that they are . The selected tissues were sectioned 

into 7µm slices using a cryostat (Leica Biosystems, Mt Waverley, VIC, Australia), for DNA 

and RNA extractions.   

Overall, 76 patients with colorectal adenocarcinoma were recruited for the study. (The 

flow of the experiments is shown in Appendix A). The site of the cancer was classified as 

proximal and distal, with proximal being cancer situated in the caecum, ascending colon and 

transverse colon, whereas distal being cancers located in the descending colon, sigmoid colon 

or rectum.  
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2.2 Clinical management 

Clinical management of the patients followed a previously agreed upon standardized 

multi-disciplinary protocol. Microsatellite instability was determined by 

immunohistochemistry and performed in all cases as the protocol of clinical management. 

Decisions on neo-adjuvant and adjuvant therapy administration were determined adhering to 

the latest surgical guidelines [15]. The follow-up period was calculated as the period between 

the date of surgery for CRC to the death of the patient or date of last clinical visit . The 

survival time  of the patients were determined from the date of surgical resection to the date 

of death of the patient or the last follow-up date.  Recurrence or presence of residual cancer 

after the operation was also recorded.  

 

2.3 Extraction of DNA and RNA 

The selected adenocarcinoma tissues and matched colorecatal mucosa tissue were 

sectioned into 7µM slices by a cryostat.  DNA extraction and purification were performed 

using Qiagen DNeasy Blood and Tissue kits (Qiagen Pty. Ld., Hilden, Germany) according 

to the manufacturer’s guidelines. RNA extraction from the tissue samples was performed 

using the miRNeasy Mini kits (Qiagen) following the manufacturer’s protocol. DNA/RNA 

quantification was performed by Nanodrop spectrophotometer (BioLab, Ipswich, MA, USA) 

and purity was measured using 26/280 ratio. The DNA concentration was noted in ng/µl, and 

samples were stored at -200C until further analysis.  

 

2.4 Primer design 

Primers specific for determination of HFE copy number variation and detection of 

mutations in exon 2 and exon 4 of HFE gene, specifically including the locations of the 

common HH mutations, H63D, S65C and C282Y, which are thought to be associated with 
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carcinogenesis, were designed.  Primer design was based on GenBank accession number 

Variant 1 NM_000410, using Primer3web version 4.1.0 [16].  HFE gene expression was 

analysed using 5ʹ CTTGCTGCGTTCACAC 3ʹ forward and 5 ʹ 

TCAAACAAGGAAAGACCAAG 3ʹ reverse primers.  Exon 2 was amplified using 5ʹ 

ACATGGTTAAGGCCTGTTGC3ʹ forward primer and 5ʹ GCTCCCACAAGACCTCAGAC 

3ʹ reverse primer. Exon 4 was amplified using 5ʹ CAGCCAATGGATGCCAAGGA 3ʹ and 5ʹ 

AGAGACTTCCCCCTTGTTCCTA 3ʹ forward and reverse primers respectively.  All primers 

were cross-checked for specificity using Primer Blast 

(https://www.ncbi.nlm.nih.gov/tools/primer-blast/). The primer pairs were purchased from 

Sigma-Aldrich (St Louis, MO, USA).  

 

2.5 Quantitative Real-time PCT (qPCR) Analysis 

First- strand cDNA was synthesized by converting 1µg of total RNA into cDNA by 

SensiFAST cDNA synthesis kit (Meridian Bioscience, Cincinnati, OH, USA) according to 

the manufacturer's guidelines.  Alterations in HFE gene expression in colorectal tissue 

samples against matched non-neoplastic samples were investigated using RT-PCR 

(QuantStudio, Thermo Fisher Scientific, Waltham, MA, USA).  qPCR was performed in a 

volume of 10µl reaction mixture consisting 5µl of SensiFAST SYBR No-ROX (Bioline, 

Meridian Bioscience, London, UK), 0.4µl of 10µmol/l forward and reverse primer, 3.2µl of 

0.1% diethylpyrocarbonate (DEPC) treated water and 1µl of cDNA template (100ng/µl). 

Housekeeping genes, β-actin and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were 

used as internal controls due to the established consistent results in colorectal cancer tissues 

[17].  In order to increase the reliability of the data, assays were performed in multiple 

replicates accompanied by non-template controls for each run.  Data were analysed as relative 

expression ratios and fold changes were calculated as previously reported [18]. The fold 

http://www.ncbi.nlm.nih.gov/nuccore/NM_000410
https://www.ncbi.nlm.nih.gov/tools/primer-blast/
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change values were categorized as low and high expressions ( ≤2 was considered as low 

expression and >2 as high expression) [21]. 

 

2.6 High Resolution Melt Curve (HRM) Analysis 

HRM analysis was performed on genomic DNA extracted from the  paired colorectal 

cancer and matched non-neoplastic mucosa tissue samples to detect mutations at known 

mutation sites (H63D in exon 2,  S65C in  exon 2 and C282Yin exon 4) of HFE . Analysis of 

the HRM curves was accomplished by amplifying the target sequences by the QuantStudio 

HRM facility and the HRM Software for QuantStudio™ 6 and 7 Systems 

(thermofisher.com). A total reaction volume of 10μl consisting 5μl of 2X sensimix HRM 

master mix, 1μl of 30ng/μl genomic DNA, 2μl diethylpyrocarbonate (DEPC, RNase free) 

treated water and 1μl of 5μmol/L relevant forward and reverse primer, was used for HRM 

curve generation. The thermal cycling protocol was initiated with one cycle of 98°C for 4 

minutes. Full activation of the DNA polymerase occurs within 30 seconds at 95 °C. This was 

followed by 40 cycles of 98 °C lasting for 5 seconds. The reaction mix was then annealed at 

60°C for 15 seconds for both exons. The melt curve data were obtained by recording 

fluorescence at each step of temperature increase from 65 °C to 85 °C, with a temperature 

increase rate of 0.05 °C/seconds. Each PCR run included a no-template control, and all the 

reactions were performed in duplicates to increase the reliability of the results. Each mutant 

allele had its own distinctive melting curve when compared with the wild-type allele.  HRM 

results were interpreted as mutant when both replicates showed a variant compared to wild 

type [19].  

 

  

https://www.thermofisher.com/order/catalog/product/4486395#/4486395
https://www.thermofisher.com/order/catalog/product/4486395#/4486395
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2.7 Purification of PCR products and Sanger sequencing 

The possible mutant samples as detected by HRM were further confirmed by Sanger 

sequencing to identify the specific mutation sites.  Following HRM , the specific PCR 

products were purified using NucleoSpin Gel and PCR Clean-up kit (Macherey- Nagel, 

Bethlehem, PA, USA), adhering to the manufacturer’s protocol. The purified products were 

then sequenced using the respective forward and reverse primer by the Big Dye Terminator 

(BDT) chemistry version 3.1 (Applied Biosystems, Foster City, CA, USA) with standardised 

cycling PCR conditions and analysed by the 3730xl Capillary sequencer (Applied 

Biosystems) at Australian Genome Research Facility (AGRF). The DNA sequencing 

reactions were produced by following the AGRF sample preparation guide. The resultant 

chromatograms were analysed by Sequence analyser, Chromas 2.31 software. Identification 

of mutations was made by NCBI BLAST: Basic Local Alignment Tool 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi), further verified by Indigo: Rapid Indel Discovery in 

Sanger Chromatograms ( https://www.gear-genomics.com/indigo). Both forward and reverse 

sequences were meticulously analysed to confirm mutations. The results were also compared 

with gnomAD (HFE | gnomAD v2.1.1 | gnomAD (broadinstitute.org)) and National Institute 

of Health (NIH) - National library of medicine databases (Bestheda, MA, USA).  

 

2.8 In silico analysis 

The possible consequences of the identified mutations were determined by the 

bioinformatic tools such as Mutation Taster Nastional Centre for Biotechnology Information 

(NCBI) 37/Ensembl 69 database release [20], PROVEAN (Protein variation effect analyser) 

and SIFT ( Sorting intolerant from tolerant). The cut-off values of -2.5 and 0.05 were used for 

the prediction of pathogenic and non-pathogenic mutations in PROVEAN and SIFT, 

respectively.   

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.gear-genomics.com/indigo
https://gnomad.broadinstitute.org/gene/ENSG00000010704?dataset=gnomad_r2_1
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2.9 Statistical analysis 

Comparison between the HFE expressions (fold changes)  and clinicopathological 

parameters were performed using the chi-square test, likelihood ratio and Fisher’s exact test. 

Survival analysis was performed using the Kaplan-Meier method. The statistical packages 

used were GraphPad Prism 7 (San Diego, California, USA) and SPSS Statistics (Version 27, 

IBM SPSS Inc., New York, USA).  Statistical significance level was considered at p <0.05.  
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3. Results 

3.1. HFE  expression in CRC tissue and adjacent non-neoplastic mucosa tissue as well as 

their clinicopathological significance 

Fig 1A illustrates the expression levels of HFE  in colorectal cancer tissue against 

matched non-neoplastic mucosa tissue. Approximately 60% (46/76) of  CRC showed low 

HFE expression and the rest  showed (~40%)  high HFE expression. The association between 

clinicopathological parameters and HFE gene expression status was compared (Appendix B).  

There was no significant association between the expression and age, gender of patients, site 

and size of tumour, histological grade, stage, presence of perforation, lympho-vascular 

invasion, distant metastasis, residual cancer or cancer recurrence. Figure 1C and 1D 

illustrates the MLH1 nuclear staining in high and low HFE expressing tumours respectively.  

It is worth noting that there was a correlation between microsatellite instability (MSI) and 

HFE expression, where the majority of patients with microsatellite instability (MSI) (80%) 

showed low HFE mRNA expression levels (Figure 1D and Supplementary Table 1), although 

the difference was not significant  (p=0.085).  

The median follow-up period for the patients in this study cohorot was 110 months. 

The mean survival time of patients with high HFE expressing tumors was 89.7 ±6.5 months, 

whereas for those with low HFE expression tumors was 91.8±5.2 months. Though the overall 

survival was not statistically significant between the groups, patients with low HFE gene 

expression showed higher survival after 90 months of follow-up (Fig 1B).  In addition, Figure 

2c illustrates that the stage of CRC was strongly correlated with survival (p<0.001).  
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3.2. Identification of HFE mutations in colorectal cancer and matched colorectal mucosa 

tissues 

HFE gene variants in CRC and matched non-neoplastic mucosa tissue were initially 

suspected based on the deviated melt curves in HRM analysis (Figure 2 and 3). Ten 

mutations were identified in the CRC and matched non-neoplastic colorectal mucosa tissue 

(Tables 1,  2 and 3).  Among these, 6 were known mutations; c.187C>G (H63D- 

heterozygous), c845G>A (C282Y- heterozygous), c.193A>T (S65C-heterozygous), 

g.3828T>C (homozygous and heterozygous), g.5795T>C (heterozygous) and g.5728G>A 

(heterozygous).   H63D and C282Y  are closely associated with HH and S65C is debated to 

be associated with HH [21].  The other 4 were novel mutations detected in the coding regions 

of exon 2; c.184G>A, c.220T>G, c.322A>C and c.324T>C.  All these 10 mutations were 

substitutions.  

Approximately 71% of CRC tissue harboured H63D (c.187C>G) mutations, while 

only 38% of non-neoplastic colorectal mucosa tissue  had mutations. The mutant percentage 

was lower for C282Y mutation (c.845G>A) ; ~49% in CRC and 37% in non-neoplastic 

colorectal mucosa tissue. All mutation positive cancers were heterozygous for the mutations.  

Co-existing H63D and C282Y mutations in cancer samples were identified in 22.4% 

(n=17/76) patients.  On the other hand, 15% of patients (n=12/76) showed both H63D and 

C282Y mutations in their CRC and non-neoplastic mucosa tissues. The S65C variant was 

detected in ~11% (n=8/76) of the CRC tissues and 16% (n=12/76) of the non-neoplastic 

mucosa tissues.  

Three known intronic mutations were detected in CRC and non-neoplastic mucosa 

tissue samples. Table 3 indicates the different combinations of intronic variations detected in 

selected samples. Intronic mutation g.3828T>C was found in 56.57% (n=43/76) of CRC 

samples and in 53.94% (n=41/76) matched non-neoplastic mucosa tissue samples.  
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Consequences of the mutation as predicted by mutation taster, PROVEAN and SIFT are 

listed in Tables 1 and 2. All the coding region mutations were predicted to be either 

deleterious, damaging, or disease-causing. 

  

3.3.  Clinicopathological correlations of H63D and C282Y mutations  

The associations between the presence of H63D and C282Y mutations and clinic-

pathological features of patients with CRC are presented in Table 4. The site of the CRC was 

significantly associated with the H63D mutations in cancer tissues (p=0.048), showing that 

proximal tumours (in the caecum, ascending or transverse colon) harbour more H63D 

mutations than distal tumours (in descending, sigmoid colon or rectum). H63D mutated 

adjacent non-neoplastic mucosal tissue was significantly associated with microsatellite 

stability (MSS) (p=0.024). Advanced local spread of cancer (T3 and T4) was significantly 

associated with the presence of C282Y mutations in CRC tissue (p=0.029). The association 

was stronger in non-neoplastic mucosal tissue, in which all C282Y mutant samples showed 

advanced local spread (p=0.004). In addition, compared to cancers with advanced local 

spread (T3 &T4), non-neoplastic mucosal tissue of cancers with early diseases (T1 & T2) 

showed predominant H63D negativity (p=0.047). Similarly, non-neoplastic mucosa tissue of 

stage 1 cancers showed a statistically significant association with C282Y negativity 

(p=0.001).  

The long term survival trends of patients with H63D and C282Y mutations are 

illustrated in Figure 4. Intriguingly, patients with H63D mutations in cancer tissue had 

slightly higher survival than the non-mutant ones (92 months versus 83 months). Even though 

this difference was not statistically significant,  longer survival time of patients with H63D 

mutant cancer tissue was seen prominently in patients with longer term follow up. The same 
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phenomenon was observed in patients with C282Y mutations in cancer tissue. There was a 

lower survival rate of patients who did not harbour C282Y mutations in cancer tissues. 
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4. Discussion 

HFE acts as an important cellular defence protein protecting the cell against iron-

mediated oxidative damage [22]. The current study shows that the majority of CRC tissue has 

low HFE expression, implying a disruption of the aforementioned defence machinery, which 

in turn may lead to the dysregulated iron influx, paving way to increased reactive oxygen 

species (ROS) generation and carcinogenesis. CRC pathogenesis is believed to be dependent 

upon two major molecular pathogenic pathways; chromosomal instability (CIN) and 

microsatellite instability (MSI).  Some tumours with high MSI occur in the settings of Lynch 

syndrome (hereditary non-polyposis colorectal cancer -HNPPCC), which is associated with a 

high (28-75%) lifetime risk of developing CRC and many other types of cancers, including 

endometrial, ovarian, small intestinal, gastric etc. [23]. Though at early stages, MSI high 

cancers present with multiple colorectal cancer sites, poorly differentiated large tumours,  and 

rapid progression from adenoma to carcinoma, it is known to be associated with higher 

survival and better long-term prognosis [24, 25].  In this study, the majority of patients with 

microsatellite instability had low HFE gene expression (80%), suggesting  a correlation exists 

between defective DNA mismatch repair (dMMR) mechanism and low HFE expression.  

According to the ICGC (International Cancer Genome Consortium), HFE mutations 

are found in many cancer types (https://dcc.icgc.org/).  The current study has identified three 

known missense mutations in HFE exon 2 and 4, H63D (c.187G>A), C282Y (c.845G>A) 

and S65C (c.193A>T), all pathogenic for HH type 1 [26].  All mutations were heterozygous, 

and none of the patients was clinically diagnosed to have HH.  Since heterozygous mutations 

are known to cause higher than normal body iron [4], it can be assumed that the colon cancer 

cells with HFE mutations have higher iron acquisition capacity. In the normal Caucasian 

population, prevalence of H63D and C282Y heterozygosity is 26% and 10%, respectively 

[27]. Interestingly, the current study found that nearly half of the patients with CRC had 

https://dcc.icgc.org/
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heterozygous C282Y (48%) mutations and the majority harboured heterozygous H63D 

mutations (71%). The largest meta-analysis conducted up to date on the topic has linked the 

presence of C282Y with colorectal carcinogenesis, however, denied any relationship with 

H63D and colorectal carcinogenesis [10]. This disparity and the vast difference between 

heterozygous mutation positivity in the general population versus the CRC cohort of the 

current study, indicates that the colorectal tissues might have acquired H63D and C282Y 

somatic mutations in abundance during the process of carcinogenesis. Compound 

heterozygosity with H63D and C282Y mutations in cancer samples were noted in ~ 22% of 

patients.  Even though such patients have been seen to possess higher than usual body iron 

content, overall colorectal cancer risks have not been reported in previous studies. The S65C 

mutation, which leads to a mild to moderate increase of iron stores [28], was seen in 10% of 

cancers and 16% of non-neoplastic mucosal samples. These pathogenic variants cause 

dysregulated intestinal iron absorption, which results in increased influx of iron into the 

colonic cells, leading to high oxidative stress, DNA/protein oxidation and various genetic and 

epigenetic alterations leading to carcinogenesis [29, 30].  

Of the 4 novel coding mutations c.220T>G, c.322A>C and c.324T>C were classified 

as disease causing in mutation taster.  c.220T>G causing altered amino acid sequence 

(W74G) and splice site changes, was predicted to cause damaging and deleterious 

consequences. The intronic variant, g.3828T>C (rs2071303) known to be “likely benign/ 

benign” and causes polymorphism according to the available literature. This single nucleotide 

polymorphism (SNP) variant is found in 37% of total chromosomes in the Genome 

Aggregation Database (gnomAD, http://gnomad.broadinstitute. org/; dbSNP rs2071303). 

However, the current study found rs2071303 polymorphism in 57% of CRC tissue and 54% 

of non-neoplastic mucosal tissue, implying its higher prevalence in CRC.  
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Ample evidence in the literature suggests that the carcinomas from the proximal and 

distal portions of the large intestine show different molecular pathogenesis[31, 32].  

Analogous findings were noted in this study as the majority of proximal cancers located in 

either caecum, ascending colon or transverse colon were positive for H63D mutations. 

Cancers with early T stages (T1 & T2) are associated with a better prognosis as opposed to 

cancers with advanced T stages (T3 & T4) [33].  Of the C282Y mutated CRCs, the majority 

(94%) were from advanced T-stages. This association was also noted with the matched non-

neoplastic mucosal tissues as well. These findings indicate the potential requirement of high 

iron influx for tumour growth and progression.  

The non-neoplastic mucosal tissue from patients with CRC, though histologically 

non-neoplastic, may possess malignant molecular, genetic and epigenetic transformations, 

facilitating the spread of tumour [34].  The current study has noted that non-neoplastic 

mucosal tissue of patients with CRC with wild type H63D expression is significantly 

associated with CRC of early stages (1 or 2). Moreover, the strong association between stage 

1 cancer and C282Y negativity in non-neoplastic mucosal tissue suggest that both H63D and 

C282Y mutation negativity in matched non-neoplastic tissue restricts the spread of cancer. 

The low aggression of cancer in wild type phenotypes could be explained by the lack of free 

radical formation, DNA, protein, lipid peroxidation secondary to limited and controlled iron 

internalization machinery [29, 35]. H63D mutated non-neoplastic tissue was strongly 

associated with microsatellite stability (MSS) of cancer tissue, indicating that H63D 

positivity in non-neoplastic mucosal tissue may play a role in the genetic integrity of CRC 

tissue.   

Though the short-term effects of high intracellular iron content potentiate 

carcinogenesis, long term exposure to high iron content can trigger iron-mediated cell death 

(ferroptosis) in tumour cells due to over-accumulation of free radicals causing cellular 
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oxidative toxicity [35].  Survival analysis of patients in this study revealed that compared to 

non-mutated cases, patients with H63D and C282Y mutated CRCs seem to have better 

patient survival on long term follow-up. Moreover, in keeping with the better prognostic 

outcome of MSI high cancers as described earlier, low HFE expression seems to be is 

associated with better prognosis in the long term of follow-up, most probably owing to the 

resultant long term exposure to high intracellular iron status. It may be postulated that long 

term exposure to high intracellular iron content secondary to heterozygous H63D and C282Y 

mutations and low HFE gene expression provides a survival advantage for the patients by 

aiding tumour cell destruction and growth restriction of cancer.  
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5. Conclusion 

 Expression of HFE was downregulated in majority of CRCs, potentially  causing a 

dysregulated iron influx into the cancer cells. The iron homeostatic derangements in CRC is 

further highlighted by the presence of high rates of mutations in both cancer and non-

neoplastic mucosal tissue. The intronic variant, g.3828T>C (rs2071303) was detected in 

higher frequency in CRC tissue, possibly indicating a CRC associated intronic 

polymorphism. In addition, H63D positivity in non-neoplastic mucosal tissue may play a role 

in the genetic integrity of CRC tissue. Cancer tissue rich in C282Y mutations show enhanced 

local spread reinforced and probably accelerated by the presence of C282Y mutations in the 

non-neoplastic tissue surrounding the tumour, further confirming the requirement of a high 

iron influx machinery for tumour propagation. Also, the current study findings suggest that 

the lack of  H63D and C282Y mutation in adjacent non-neoplastic tissue restricts the spread 

of cancer.  Overall, HFE mutations are common in CRC and are significantly associated with 

several clinicopathological parameters, implying the potential clinical significance of HFE 

mutations in colorectal carcinogenesis.   
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Figure Legends: 

 

Figure 1. HFE mRNA  expression, Survival trends with relation to HFE expression, 

Correlation of HFE expression with MSI A) Fold change (log2) of CRC tissue calculated 

relative to the expression in adjacent non-neoplastic mucosa tissue and normalized by β-

Actin as an internal control. B) Survival trends of patients with high HFE expression in CRC 

versus those with low expression. C) High expression of HFE in MSI stable tumour (positive 

nuclear stain for MLH1 x 4).  Line indicates the normal fold change value. D) Low 

expression of HFE in MSI high tumour (loss of nuclear stain for MLH1 x4). Line indicates 

the normal fold change value.  

 

Figure 2. Exonic mutations detected in CRC and adjacent non-neoplastic mucosa tissue.  

Comparison of representative wild type and mutant sequences of HFE exon 2 and exon 4 

with the respective HRM curves.  

 

Figure 3. Intronic mutations in the CRC and non-neoplastic mucosa tissue. Comparison 

of representative wild type and mutant sequences of HFE exon 2 and exon 4 with the 

respective HRM curves.  

 

Figure 4. Survival trends of patients positive and negative for H63D and C282Y in CRC 

and non- neoplastic mucosa tissue A) H63D mutations in CRC tissue B) C282Y mutations 

in CRC tissue C) Survival of patients according to staging of cancer.  Survival advantage in 

both H63D and C282Y mutation positivity in CRC was observed upon long term follow up, 

beyond 90 months.   
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Appendices 

A. Schematic illustration of the sample recruitment and methodological flow of the 

study. Inclusion criteria- patients with CRC who underwent surgical resection by a single 

surgeon.  Exclusion criteria- inadequate cancer on histological confirmation/follow-up and 

inconsistent sequencing chromatograms 

 

B. Clinicopathological corelations of HFE expression 
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Table 1    Examples of the different combinations of exonic mutations detected in the coding sequence of HFE exons 2 and 4 of colorectal cancer tissue 

   
 

Sample 

ID 

DNA 

sequence 

alteration Location  

Known 

variant 

AA 

alteration Exon Alterations caused by the mutation 

In silico prediction 

Mutation 

Taster SIFT PROVEAN 

6T c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

7T c.184A>G chr6:26091177A>G No D62G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Damaging Deleterious 

 c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

8T c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.845G>A chr6:26093141G>A rs1800562 C282Y 4 Associated with Hereditary hemochromatosis Disease causing Damaging Deleterious 

12T c.184A>G chr6:26091177A>G No D62G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Damaging Deleterious 

 c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.845G>A chr6:26093141G>A rs1800562 C282Y 4 Associated with Hereditary hemochromatosis Disease causing Damaging Deleterious 

13T c.184A>G chr6:26091177A>G No D62G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Damaging Deleterious 

 c.845G>A chr6:26093141G>A rs1800562 C282Y 4 Associated with Hereditary hemochromatosis Disease causing Damaging Deleterious 

16T c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

17T c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

21T c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.845G>A chr6:26093141G>A rs1800562 C282Y 4 Associated with Hereditary hemochromatosis Disease causing Damaging Deleterious 

22T c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.845G>A chr6:26093141G>A rs1800562 C282Y 4 Associated with Hereditary hemochromatosis Disease causing Damaging Deleterious 



Table 1    Examples of the different combinations of exonic mutations detected in the coding sequence of HFE exons 2 and 4 of colorectal cancer tissue 

   
 

Sample 

ID 

DNA 

sequence 

alteration Location 

Known 

variant 

AA 

alteration Exon Alterations caused by the mutation 

In silico prediction 

Mutation 

Taster SIFT PROVEAN 

29T c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.845G>A chr6:26093141G>A rs1800562 C282Y 4 Associated with Hereditary hemochromatosis Disease causing Damaging Deleterious 

37T c.193A>T chr6:26091185A>T rs1800730 S65C 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

39T c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.187C>G chr6:26091179C>G  rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.322A>C chr6:26091314A>C No N108H 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

41T c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.845G>A chr6:26093141G>A rs1800562 C282Y 4 Associated with Hereditary hemochromatosis Disease causing Damaging Deleterious 

42T c.322A>C chr6:26091314A>C No N108H 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.845G>A chr6:26093141G>A rs1800562 C282Y 4 Associated with Hereditary hemochromatosis Disease causing Damaging Deleterious 

57T c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.322A>C chr6:26091314A>C No N108H 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.845G>A chr6:26093141G>A rs1800562 C282Y 4 Associated with Hereditary hemochromatosis Disease causing Damaging Deleterious 

60T c.845G>A chr6:26093141G>A rs1800562 C282Y 4 Associated with Hereditary hemochromatosis Disease causing Damaging Deleterious 

73T c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.845G>A chr6:26093141G>A rs1800562 C282Y 4 Associated with Hereditary hemochromatosis Disease causing Damaging Deleterious 

          



Table 1    Examples of the different combinations of exonic mutations detected in the coding sequence of HFE exons 2 and 4 of colorectal cancer tissue 

   
 

Sample 

ID 

DNA 

sequence 

alteration Location 

Known 

variant 

AA 

alteration Exon Alterations caused by the mutation 

In silico prediction 

Mutation 

Taster SIFT PROVEAN 

77T c.845G>A chr6:26093141G>A rs1800562 C282Y 4 Associated with Hereditary hemochromatosis Disease causing Damaging Deleterious 

 c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

78T c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

79T c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.193A>T chr6:26091185A>T rs1800730 S65C 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

86T c.187C>G chr6:26091179C>G 1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

90T c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.193A>T chr6:26091185A>T rs1800730 S65C 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.845G>A chr6:26093141G>A rs1800562 C282Y 4 Associated with Hereditary hemochromatosis Disease causing Damaging Deleterious 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

101T c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

114T c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

122T c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 



 
Table 2 Combinations of mutations detected in coding sequence of HFE Exon 2 and 4 of selected matched non- neoplastic mucosal tissue 

Sample 

ID 

DNA 

sequence 

alteration Location 

Known 

variant 

AA 

alteration 

Frame 

-shift Alterations caused by the mutation 

In silico prediction 

Mutation 

Taster SIFT PROVEAN 

6N c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

8N c.322A>C chr6:26091314A>C No N108H 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.845G>A  chr6:26093141G>A  rs1800562  C282Y  4  Associated with Hereditary hemochromatosis  Disease causing  Damaging  Deleterious  

12N c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.187C>G chr6:26091179C>G  rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.845G>A  chr6:26093141G>A  rs1800562  C282Y  4  Associated with Hereditary hemochromatosis  Disease causing  Damaging  Deleterious  

15N c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.187C>G chr6:26091179C>G  rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

17N c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

19N c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.845G>A  chr6:26093141G>A  rs1800562  C282Y  4  Associated with Hereditary hemochromatosis  Disease causing  Damaging  Deleterious  

21N c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.193A>T chr6:26091185A>T  rs1800730 S65C 2 Amino acid sequence changed, protein features (might be) affected, splice site changes  Damaging Deleterious 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.845G>A  chr6:26093141G>A  rs1800562  C282Y  4  Associated with Hereditary hemochromatosis  Disease causing  Damaging  Deleterious  

26N c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

37N c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.193A>T chr6:26091185A>T  rs1800730 S65C 2 Amino acid sequence changed, protein features (might be) affected, splice site changes  Damaging Deleterious 

 c.845G>A  chr6:26093141G>A  rs1800562  C282Y  4  Associated with Hereditary hemochromatosis  Disease causing  Damaging  Deleterious  

          



 
Table 2 Combinations of mutations detected in coding sequence of HFE Exon 2 and 4 of selected matched non- neoplastic mucosal tissue 

          

Sample 

ID 

DNA 

sequence 

alteration Location 
Known 

variant 
AA 

alteration 
Frame 

-shift Alterations caused by the mutation 

In silico prediction 

Mutation 

Taster SIFT PROVEAN 

39N c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.322A>C chr6:26091314A>C No N108H 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

41N c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.845G>A  chr6:26093141G>A  rs1800562  C282Y  4  Associated with Hereditary hemochromatosis  Disease causing  Damaging  Deleterious  

42N c.322A>C chr6:26091314A>C No N108H 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

62N c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.322A>C chr6:26091314A>C No N108H 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

78N c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.187C>G chr6:26091179C>G  rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

81N c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.187C>G chr6:26091179C>G  rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.322A>C chr6:26091314A>C No N108H 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

86N c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.187C>G chr6:26091179C>G  rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

87N c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

  



 
Table 2 Combinations of mutations detected in coding sequence of HFE Exon 2 and 4 of selected matched non- neoplastic mucosal tissue 

 

          

Sample 

ID 

DNA 

sequence 

alteration Location 

Known 

variant 

AA 

alteration 

Frame 

-shift Alterations caused by the mutation 

In silico prediction 

Mutation 

Taster SIFT PROVEAN 

    
Known 

variant 

AA 

alteration 

Frame 

-shift Alterations caused by the mutation 

In silico prediction 

Mutation 

Taster SIFT PROVEAN 

90N c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.187C>G chr6:26091179C>G rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.845G>A  chr6:26093141G>A  rs1800562  C282Y  4  Associated with Hereditary hemochromatosis  Disease causing  Damaging  Deleterious  

111N c.187C>G chr6:26091179C>G  rs1799945 H63D 2 Pathogenic for hemochromatosis Polymorphism Damaging Neutral 

 c.193A>T chr6:26091185A>T  rs1800730 S65C 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

113N c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.322A>C chr6:26091314A>C No N108H 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

117N c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

119N c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.322A>C chr6:26091314A>C No N108H 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

 c.324T>C chr6:26091316T>C No None 2 Protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

121N c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 

 c.220T>G chr6:26091212T>G No W74G 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Damaging Deleterious 

 c.322A>C chr6:26091314A>C No N108H 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Disease causing Tolerated Neutral 

122N c.184G>A chr6:26091176G>A No D62N 2 Amino acid sequence changed, protein features (might be) affected, splice site changes Polymorphism Tolerated Deleterious 
 

         

          

          



Table 3 Intronic mutation combinations identified in CRC and matched non-neoplastic tissue 

Sample ID Sequence alteration Location  Known variant/not In silico prediction 

6T g.3828T>C (Heterozygous) chr6:26091336T>C rs2071303 Polymorphism 

     

16T g.3828T>C (Heterozygous) chr6:26091336T>C rs2071303 Polymorphism 

 g.5728G>A chr6:26093236G>A rs1800758 Polymorphism 

     

17T g.3828T>C (Homozygous) chr6:26091336T>C rs2071303 Polymorphism 

 g.5795T>C chr6:26093303T>C rs1800708 Polymorphism 

     

26N g.5795T>C chr6:26093303T>C rs1800708 Polymorphism 

     
26T g.3828T>C (Heterozygous) chr6:26091336T>C rs2071303 Polymorphism 

 g.5795T>C chr6:26093303T>C rs1800708 Polymorphism 

     

61N g.5728G>A chr6:26093236G>A rs1800758 Polymorphism 

     
102T g.3828T>C (Homozygous) chr6:26091336T>C rs2071303 Polymorphism 

     
111N g.3828T>C (Homozygous) chr6:26091336T>C rs2071303 Polymorphism 

 g.5728G>A chr6:26093236G>A rs1800758 Polymorphism 

     

113N g.3828T>C (Heterozygous) chr6:26091336T>C rs2071303 Polymorphism 

 g.5728G>A chr6:26093236G>A rs1800758 Polymorphism 

 g.5795T>C chr6:26093303T>C rs1800708 Polymorphism 

     



                      
Table 4   Clinicopathological correlations of H63D and C282Y mutations in CRC and matched non-neoplastic tissue 

 

 

Abbreviations: H63D+: H63D mutations present tissue; H63D-: H63D mutations absent tissue; C282Y+: C282Y 

mutations present tissue; C282Y-: C282Y mutations absent tissue; MSI: Micro satellite instability; LN: Lymph node 

 Cancer  p value Non-neoplastic  p value Cancer tissue p value Non-neoplastic  p value 

H63D+ 

(%) 

H63D- 

(%) 

H63D+ 

(%) 

H63D- 

(%) 

C282Y+ 

(%) 

C282Y- 

(%) 

C282Y+ 

(%) 

C282Y- 

(%) 

Age             

≤60 years 15 (19) 4 (5)  10 (13) 9 (12)  11 (14) 8 (10)  9 (12) 10 (13)  

>60 years 39 (51) 18 (23) 0.285 19 (25) 38 (50) 0.111 26 (34) 31 (41) 0.254 19 (25) 38 (50) 0.061 

Gender             

Female 22 (29) 11 (14)  14 (18) 19 (25)  13 (17) 20 (26)  8 25  

Male 32 (42) 11 (14) 0.313 15 (20) 28 (37) 0.332 24 (31) 19 (25) 0.117 20 23 0.039* 

Site             

Proximal 25 (32) 5 (6) 0.048* 12 (16) 18 (23)  14 (18) 16 (21) 0.480 9 (12) 21 (28)  

Distal 29 (38) 17(22)  17 (22) 29 (38) 0.448 23 (30) 23 (30)  19 (25) 27 (35) 0.226 

Local spread             

T1 &T2 7 (9) 4 (5)  2 (3) 9 (12)  2 (3) 9 (12)  0 (0) 11 (14)  

T3 & T4 47 (62) 18 (24) 0.397 27 (35) 38 (50) 0.126 35 (46) 30 (39) 0.029* 28 (37) 37 (49) 0.004* 

MSI             

High 10 (13) 5 (6)  2 (3) 13 (17)  7 (9) 8 (10)  7 (9) 8 (10)  

Stable 44 (58) 17 (22) 0.449 27 (35) 34 (45) 0.024* 30 (39) 31 (41) 0.546 21 (28) 40 (53) 0.277 

LN metastasis             

Present 32 (42) 12 (16) 0.450 13 (17) 31 (41)  19 (25) 25 (33)  14 (18) 30 (39)  

Absent 22 (29) 10 (13)  16 (21) 16 (21) 0.058 18 (24) 14 (18) 0.186 14 (18) 18 (24) 0.205 

Pathological 

Stage 

            

1 7 (9) 3 (4)  2 (3) 8 (10)  2 (3) 8 (10)  0 (0) 10 (13)  

2 23 (30) 9 (12)  10 (13) 22 (29)  16 (21) 16 (21)  13 (17) 19 (25)  

3 16 (21) 5 (6)  10 (13) 11 (14)  13 (17) 8 (10)  13 (17) 8 (10)  

4 8 (10) 5 (6) 0.840 7 (9) 6 (8) 0.232 6 (8) 7 (9) 0.166 2 (3) 11 (14) <0.001* 

Combined 

pathological 

Stage  

            

1 or 2 30 (39) 12 (16)  12 (16) 30 (39)  18 (24) 24 (31)  13 (17) 29 (38)  

3 or 4 24 (31) 10 (13) 0.568 17 (22) 17 (22) 0.047* 19 (25) 15 (20) 0.184 15 (20) 19 (25) 0.173 

Histological 

grade 

            

Well  4 (5) 3 (4)  1 (1) 6 (8)  2 (3) 5 (6)  2 (3) 5 (6)  

Moderate 40 (53) 16 (21)  21 (28) 35 (46)  28 (37) 28 (37)  22 (29) 34 (45)  

Poor 10 (13) 3 (4) 0.644 7 (9) 6 (79) 0.195 7 (9) 6 (8) 0.508 4 (5) 9 (12) 0.757 

Distant 

metastasis 

            

Present 8 (10) 5 (6)  7 (9) 6 (8)  6 (8) 7 (9)  2 (3) 11 (14)  

Absent 46 (60) 17 (22) 0.303 22 (29) 41 (54) 0.167 31 (41) 32 (42) 0.542 26 (34) 37 (48) 0.070 

Recurrence/ 

Residual 

cancer 

            

Present 15 (20) 8 (10)  11 (14) 12 (16)  11 (14) 12 (16)  9 (12) 14 (18)  

Absent 39 (51) 14 (18) 0.317 18 (24) 35 (46) 0.187 26 (34) 27 (35) 0.560 19 (25) 34 (45) 0.491 











Highlights 

 

 HFE mutations are frequent in colorectal cancer (CRC). 

 C282Y and H63D mutations are associated with clinicopathological features of CRC. 

 Dysregulated iron influx has clinicopathological implications in CRC pathogenesis  


