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Background: Increased levels of oxidative stress/cell inflammation contribute to colorectal cancer (CRC) 

onset. Nuclear factor-erythroid 2-related factor 2 (Nrf2) and its controlled growth factor erv1-like (Gfer) 

gene regulate redox-sensitive and anti-inflammatory mechanisms, respectively, which can contribute to 

promoting cancer development. 

Aim: We evaluated Nrf2 and Gfer RNA expression and Nrf2 protein expression in colon mucosa in order 

to establish their possible involvement in the early stage of CRC. 

Methods: Forty subjects were enrolled after a histological evaluation of their colon biopsies. They in- 

cluded 20 subjects with a sporadic colorectal adenoma (SpCA group) and 20 without precancerous le- 

sions (controls). Biopsy samples were processed for gene expression analysis and protein expression, us- 

ing Real-time PCR and immunofluorescence confocal microscopy, respectively. 

Results: Nrf2 and Gfer mRNA expression were significantly reduced (p = 0.007 and p < 0.003, respectively) 

in SpCA tissues compared to normal mucosa from controls. Furthermore, immunofluorescence analysis 

confirmed a relevant reduction of Nrf2 in SpCA tissue compared to normal tissue from controls. 

Conclusions: Our data confirm the hypothesis that Nrf2 and Gfer expression may be involved in the initial 

hits contributing to the multistep process of colon carcinogenesis. Further larger studies are needed to 

confirm if Nrf2 and Gfer are potential risk/prognostic factors for cancer development. 

© 2022 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved. 
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. Introduction 

The close relationship between precancerous lesions of the in- 

estine and colorectal cancers (CRCs) has been well established by 

ong-term clinical observations [1 , 2] . Precancerous lesions refer to 

athological changes closely related to CRCs, including colorectal 

denoma and inflammatory bowel disease (IBD)-associated dyspla- 

ia [3] . The morphological classification into polypoid, flat and de- 
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ressed lesions is now a rather sensitive indication for malignancy 

4 , 5] . 

As occurs for other neoplastic processes, colon carcinogenesis 

s determined by various factors: hereditary genetic predisposition, 

icrosatellite and/or genomic instability, epigenetic influences, and 

nvironmental factors such as dysbiosis, inflammation, apoptosis 

mpairment, etc. [1] . 

In the past years, extensive research has suggested that reac- 

ive oxygen species (ROS) also play an important role in cancer 

evelopment [6 , 7] . Under physiological conditions, ROS levels are 

aintained by endognous redox sensitive transcription factors reg- 

lating the expression of antioxidant genes, including nuclear 

actor-erythroid 2-related factor 2 (Nrf2) [8] . Nrf2 is a basic leucine 

ipper redox-sensitive transcriptional factor that plays a central 
rights reserved. 
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ole in the regulation of antioxidant and/or detoxifying genes in 

arious tissues [9] . Oxidative stress and the related increase of ROS 

evels are greater in neoplastic than in normal cells [10] . ROS can 

amage cellular proteins, lipids, and DNA, inducing metabolic path- 

ays that lead to inflammation [11] . All together, these conditions 

ive rise to fatal cellular lesions that, in turn, contribute to many 

uman diseases, including cancer [11–19] . 

Based on these premises, in this study we evaluated the ex- 

ression of Nrf2, at RNA and protein levels, and Gfer, at mRNA 

evel, in the intestinal mucosa from patients with colorectal ade- 

omas (SpCA group) or without proliferative lesions (controls), to 

stablish whether there is an association between the expression 

f these two genes and the development of colorectal adenomas. 

. Materials and methods 

.1. Patients selection and study design 

Consecutive subjects undergoing colonoscopy at the Gastroen- 

erology Unit, Policlinic University Hospital, Bari, Italy, participated 

n this study. 

Our study was carried out in compliance with the ethical guide- 

ines of the 1975 Declaration of Helsinki (6th revision, 2008) as 

eflected in a priori approval by the institution’s human research 

ommittee (protocol# CE/4748). Moreover, this study was regis- 

ered on ClinicalTrials.gov (registration# NCT03417258). All pa- 

ients gave their informed consent. 

At the time of endoscopy, histological evaluations were per- 

ormed on colonic polyps in subjects showig sporadic colorec- 

al adenomas (SpCA group) and intestinal normal mucosa in sub- 

ects without proliferative lesions (controls). After the endoscopic 

nd histological evaluation, 40 subjects were enrolled, 20 with 

pCA and 20 controls. All tissues underwent molecular biology 

tudies by real time PCR (RT-PCR) and immunodetection evalua- 

ions by confocal microscopy analysis. The inclusion criteria were 

ubjects of both sexes aged between 50 and 75 years, undergo- 

ng colonoscopy. This age range was adopted for several reasons: 

creening colonoscopies are prescribed specially in subjects over 

0 years of age, when the probability to find neoproliferative le- 

ions increases; patients with a family history of CRC frequently 

evelop polyps at a younger age. The exclusion criteria were age < 

0 and > 75 years, previous diagnosis of colon cancer or inflam- 

atory bowel diseases (IBD), family history of hereditary intestinal 

umors, ongoing infections, intake of pre- or pro-biotics, symbiotic, 

nd antibiotics during the 12 weeks that preceded colonoscopy, 

reatinine clearance below 60 mL/min, decompensated liver dis- 

ase. 

.2. Total RNA extraction, RNA preparation and first-strand cDNA 

ynthesis 

Tissue samples were taken and kept in RNA Later (Qia- 

en GmbH, Germany) to preserve mRNA. Total RNA was ex- 

racted using the RNeasy Mini Kit (Qiagen GmbH, Germany) 

ccording to the manufacturer’s instructions. Final mRNA con- 

entrations were estimated by ultraviolet absorbance at 260 nm. 

liquots of total mRNA (1 μg) were reverse-transcribed using ran- 

om hexamers and the TaqMan Reverse Transcription Reagents 

Applied Biosystems, Monza, Italy) with 3.125 U/μl of Multi- 

cribe Reverse Transcriptase in a final volume of 50 μl. Real- 

ime PCR was performed in 96-well plates on the ABI Prism 

900HT Sequence Detection System (Applied Biosystems). Spe- 

ific custom-synthesized oligos, synthesis scale 0.05 μmol, were 

urchased by Aurogene S.r.l. (Rome, Italy). For gene expres- 

ion specific primer/probe, provided by Aurogene S.r.l. (Rome, 

taly) were used (Nrf2 gene, Fw: 5 ′ CACGGTCCACAGCTCATCAT 3 ′ ; 
2 
w: 5 ′ CACGGTCCACAGCTCATCA 3 ′ ; Probe: 5 ′ caagaacaactccaa 3 ′ . 
rv1/Gfer gene, Fw: 5 ′ CCTGCCCCTCTTAGGTTTGG 3 ′ ; Rw: 5 ′ GGC- 

TCCCAGTACTCCTACA 3 ′ ; Probe: 5 ′ gaagacagcgggcc 3 ′ ). 
Data collection and analysis were performed using the machine 

oftware. As previously reported [20] , briefly, a two-step reverse 

ranscription-PCR was performed using first-strand cDNA with a fi- 

al concentration of 1 x Taq-Man gene expression Assay and 1 x 

aqMan Universal PCR Master Mix. The final reaction volume was 

0 μl. Each sample was analyzed in triplicate and all experiments 

ere repeated twice. A non-template control (RNAase-free water) 

as included on every plate. The thermal cycler conditions were 

 min hold at 50 °C, 10 min hold at 95 °C, followed by 40 cycles

f 15 s at 95 °C and 1 min at 60 °C. In the first instance, a stan-

ard curve and a validation experiment were performed for each 

rimer/probe set. A series of six serial dilutions (20 to 0.1 ng/μl) 

f samples cDNA were used as a template for each primer/probe 

et. Standard curves were generated by plotting the threshold cycle 

TC) number values against the log of the amount of input cDNA. 

hreshold cycle is the PCR cycle at which an increase in reported 

uorescence above the baseline level is first detected. The average 

nd SD of amount of target gene expressed were normalized to an 

ndogenous reference and is relative to a calibrator and the rela- 

ive quantification for each sample was plotted in a bar chart using 

icrosoft Excel software. The endogenous reference used in all ex- 

eriments reported here was GAPDH. A normal sample was used 

s calibrator in all experiments. The assays were supplied as a 20- 

 mix of PCR primers and TaqMan Minor Groove Binder 6-FAM dye 

abelled probes with a non-fluorescent quencher at the 3 ′ - end of 

he probe. 

.3. Histology and Immunofluorescence 

To assess the absence of histological abnormalities or the pres- 

nce of low- and high-grade dysplasia, biopsies from “normal” mu- 

osa or tissue specimens from intestinal polps were embedded 

n paraffin, cut at 4-μm thickness, and stained with hematoxylin- 

osin for light microscopy observation. Architectural organization 

as examined to distinguish tubular or villous adenomas, while 

uclear-to-cytoplasmic ratio, basal orientation of the nuclei, and 

resence of goblet cells were the parameter used to differenziate 

ow- from high-grade dysplasia. 

Nrf2 was investigated by monoclonal mouse antibody cell sig- 

aling (Santa Cruz, CA, United States). Tissue sections were rinsed 

n PBS buffer with TWEEN 0.025% (Merck, Milan, Italy) for 10 min- 

tes and incubated in a microwave oven (citric buffer pH 6.0, 10 

inutes, 750 W) for antigen unmasking. They were then treated 

2 hours, room temperature) in 10% goat serum and 1% bovine 

erum albumin-blocking solution (Merck, Milan, Italy). They were 

ubsequently incubated with anti-Nrf2 antibody (Invitrogen, Life 

echnologies, Monza, Italy), diluted 1:200 at 4 °C overnight. Alexa 

88 fluorescent-conjugated goat anti-mouse (Invitrogen, Life Tech- 

ologies, Monza, Italy) at a dilution of 1:200 represented the sec- 

ndary antibody. Nuclear counterstain was obtained using TOPRO- 

 (Invitrogen-Molecular Probes, Life Technologies, Monza, Italy) for 

0 min at room temperature. All sections were observed with con- 

ocal microscopy magnification. Ten well-oriented crypt/villous as- 

ociations were selected for the analysis. Cells were counted at 400 

 magnification, by confocal microscopy (Leica TSC SP2 confocal 

aser scanning microscope) [20] . 

.4. Statistical analyses 

Sample distribution of continuous variables was performed by 

valuating the symmetry with the Skewness and Kurtosis tests, 

nd the variables were expressed as mean ± standard deviations 

SD) and compared by t -test. Statistical significance was set at p 
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Fig. 1. Nrf2 mRNA expression in intestinal tissue from control and SpCA subjects. 

Nrf2: Nuclear factor-erythroid 2-related factor 2, SpCA: sporadic colorectal ade- 

noma. Data espressed as mean ± SD represent the ratio between Nrf2 expression 

and the housekeeping gene expression (GAPDH). ∗ p = 0.007. 

Fig. 2. Gfer mRNA expression in intestinal tissue from control and SpCA subjects. 

Gfer: growth factor erv1-like; SpCA: sporadic colorectal adenoma. Data espressed 

as mean ± SD represent the ratio between Gfer expression and the housekeeping 

gene expression (GAPDH). ∗p < 0.003. 
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 0.05. If not specifically reported, results were representative of at 

east three different experiments. The analyses were performed us- 

ng Excel (Microsoft Corporation). 

. Results 

Among the subject paticipating in this study, the gender ratio 

M/F) in the 20 patients and 20 controls was 14/6 and 11/9, re- 

pectively (p = 0.61), while their age was 63.4 ± 8 and 64.5 ± 8 

ears, respectively (p = 056). Most polyps were tubular adenomas 

nd only a few villous adenomas; in any case, only aspects of low- 

rade dysplasia were observed (data not shown). Fig. 1 describes 

rf2 mRNA expression in tissue samples from control and SpCA 

ubjects. As shown in the figure, a statistically significant reduction 

f Nrf2 expression was observed in SpCA tissue compared to nor- 

al mucosa tissue obtained from controls (p = 0.007). Similarly, we 

ound a statistically significant reduction of Gfer mRNA expression 

n tissue samples from SpCA subjects compared to control subjects 

p < 0.003) ( Fig. 2 ). 

Fig. 3 describes the results obtained by confocal microscopy 

fter the immunodetection of Nrf2 protein in controls (A-C) and 

pCA tissues (D-F). Panel A highlights the nuclear counterstain of 

olonocytes by TOPRO-3; in panel B, the use of specific fluorescent- 

onjugated antibodies identifies the presence of Nrf2; panel C 

epresents the merging of the two previously described panels, 

emonstrating the colocalization of Nrf2 in the nuclei (red arrows). 

 striking difference is observed in SpCA tissue (panels D, E and 

) compared to controls (A-C panels). In particular, the image re- 

orted in panel D shows the presence of smaller and bundled nu- 
3 
lei, while in panel E there is a complete absence of Nrf2, which is 

bviously confirmed by the merging of the two images in panel F. 

. Discussion 

Colorectal cancer is the third most commonly diagnosed cancer 

orldwide, representing 10% of all cancer diagnoses. In terms of 

ortality, CRCs is the second most deadly cancer worldwide, caus- 

ng about 9.4% of deaths [21] . Most sporadic CRCs are not related 

o genetic predisposition or family history and are preceded by 

 benign neoproliferative lesion, either an adenomatous or a ser- 

ated polyp [5 , 22] . According to the “Big Bang” model proposed by 

avis et al., of the many benign neoproliferative lesions, only those 

born to be bad”, i.e., endowed with peculiar genetic/functional 

roperties and multiple genetic abnormalities, can evolve to CRCs 

22] . Unfortunately, the molecular events or microenvironment sit- 

ations that steer the polyps to this fate are still under evaluation 

23–25] . 

In the present study we analyzed Nrf2 and Gfer expression in 

ntestinal tissues from patients with precancerous lesions (SpCA 

roup) and patients without proliferative lesions (controls). Our re- 

ults clearly demonstrate a significant reduction of Nrf2 gene and 

rotein expression, which was associated with a significantly re- 

uced expression of Gfer in the SpCA group compared to controls. 

hese results support the hypothesis that a reduced antioxidative 

nd anti-inflammatory activity could play a pathogenetic role in 

he development of precancerous lesions, predisposing, as cumula- 

ive risk, to progression to CRCs. In fact, in most cases CRCs follow 

he adenoma-carcinoma sequence [24] . In these pathological situ- 

tions, chronic inflammation and increased turnover of epithelial 

ells contribute to the progress of low- and high-grade dysplasia 

hich may give rise to CRCs. Oxidative stress and the related ROS 

enerated by an inflammatory infiltrate are thought to contribute 

o this process [25] . Our results are only apparently in contrast 

ith literature data since it has been proved that NRF2 acts either 

s a tumor suppressor gene or as an oncogene [26] . Indeed, even 

f the protective role of the Nrf2 against carcinogenesis has been 

ell documented in normal cells, oncogene (K-Ras, B-Raf, or Myc)- 

nduced Nrf2 transcription would favor cancer growth by exerting 

 protective effect on neoplastic cells [27] . In addition, this pro- 

arcinogenetic behavior could be explained either by mutations of 

RF2 or its upstream controller KEAP1, responsible of a hyperac- 

ivity [26] , or by epigenetic modification of Nrf2 [28 , 29] . 

Under physiological conditions, oxidative stress triggers up- 

egulation of the endogenous antioxidant and cytoprotective pro- 

eins. Nrf2 is the master transcriptional regulator of genes encod- 

ng many antioxidant and detoxifying enzymes through its binding 

o EpRE/ARE [30–35] . 

An important demonstration of the role of Nrf2 in the intestinal 

arcinogenesis comes from the APC 

Min/ + -Nrf2 −/ − knockout mice 

odel [36] . Using this experimental model, it has been demon- 

trated that the reduction of Nrf2 expression leads to the loss of 

ytoprotection due to diminished antioxidant capacity, lowered β- 

xidation of fatty acids and, conversely, heightened sensitivity to 

OS-based signal of apoptosis [37] , [38] . Moreover, Nrf2-deficient 

ice have an increased susceptibility to dextran sulfate sodium 

DSS)-induced inflammation in the colorectum leading to colitis 

nd carcinogenesis [37] , compared to wild-type mice. These data 

einforce the evidence on the role of inflammation, lipid peroxi- 

ation, and metabolic dysfunction in CRC onset and development 

39–41] . 

Interestingly, Nrf2 is able to induce Gfer gene expression , 

hich encodes for the augmenter of liver regeneration (ALR) gene, 

s the latter is able to reduce DNA/protein damage and enhance 

ell survival [42–46] . Liver-specific ALR knock-out in mice (L-ALR- 

O mice) have a reduced anti-oxidative cell capacities, resulting in 
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Fig. 3. Immuno-identification of Nrf2 in intestinal tissue samples from Control (3A-3C) and SpCA (3D-3F) subjects. 

Nrf2: Nuclear factor-erythroid 2-related factor 2, SpCA: sporadic colorectal adenoma. A high immune signal is present in control tissues (3B) compared to SpCA tissues (3E), 

also revealing a nuclear presence of the regulatory factor (arrows in 3C). 
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n enhancement of ROS production and mitochondrial dysfunction, 

ontributing to the develop of liver tumours [47] . Moreover, there 

re several reports that demonstrate the presence of ALR in colonic 

ells [48–51] , further reinforcing our hypothesis on the role of anti 

xidant and anti inflammatory factors in CRC development. 

Our study has some limitations: the preliminary character of 

he study with the limited number of subjects did not allow us 

he possible relationship between the histological classification of 

denoma and the degree of Nrf2 expression; however, the intent 

f our study was satisfied since we demonstrated a significant de- 

rease of Nrf2 and its controlled Gfer gene in the precancerous 

esions, suggesting their possible role as an additional prognostic 

actor to include in the future histological evaluations. 

. Conclusion 

Considering the roles played by oxidative stress and cellular in- 

ammation in the initiation and promotion of colon carcinogene- 

is, the present preliminary data support the hypothesis that the 

eduction of anti-oxidative and anti-inflammatory defenses con- 

rolled by Nrf2 and Gfer could contribute to the carcinogenetic 

rocess. In this contest the evaluation of Nrf2 and Gfer expres- 

ion could represent new possible biological markers to include in 

he evaluation of colonic adenomatous lesions in order to imple- 

ent preventive strategies. Future studies including colonic ade- 

omatous lesions at different evolutionary stages are necessary to 

onfirm the potential use of Nfr2 as marker/risk factor for CRC de- 

elopment. 
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