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Abstract

The neogenic recombinases are potentially a source of genetic variability possibly implicated in the
mechanisms of genetic instability involved in the processes of carcinogenesis. One of these neogenic
recombinases is the nuclear apoptosis-inducing factor 1(NAIF1), which codes the protein NAIF1 that
induces apoptosis in various human cancers.

The aim of this work is to study the expression of NAIF1 neogene in cancerous and non-cancerous colorectal
tissues.

The protein expression of NAIF1gene has been studied by western blot method in the samples of protein
extracted from 29 patients with colorectal cancer.

The result of this study showed that the protein expression of NAIF1 was found in both cancerous and
non-cancerous colorectal tissues, but it is highly expressed in non-cancerous tissues adjacent to cancerous
one. Its expression is higher in non-metastatic cancerous tissues compared with metastatic one. Also this
expression is higher in microsatellite instable (MSI) group of cancer compared with microsatellite stable
(MSS) group.

It can be concluded that NAIF1 protein expression inversely related with more advanced stage or grade of
colorectal cancer and it may have a role in inhibition of proliferation, migration and invasion of colorectal
cancer by inducing apoptosis.
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Introduction

Colorectal cancers are solid tumors whose somatic
genetic and epigenetic alterations are best documented!!.
They are relatively homogeneous tumors in terms of their
anatomopathological characteristics as they are in more
than 90% of cases of adenocarcinomas(!l. Two main
groups of colorectal cancers characterized by different
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somatic genetic alterations were presents!!-3l. The most
frequent group is characterized by a chromosomal
instability resulting in the recurrent loss of chromosomal
segments!*3], called LOH for Loss of heterozygoty
and represents 85% of colorectal adenocarcinomas [%.
The other colorectal cancer group is characterized by
microsatellite instability (MSI) due to a mismatch repair
of DNA (MMR repair system)!?].

However, a phenomenon called molecular
domestication has been reported for some DNA
transposons resulting in the formation of neogenes!®.
Most of these neogenes domesticated from DNA
transposon encode proteins for the most part still poorly
characterized and whose biological functions are poorly
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known. These proteins are involved in various biological
processes that contribute directly or indirectly to genome
stability (cell proliferation, cell cycle progression,
chromatin modification, transcription...) (671, Analysis of
the human genome made it possible to identify 47 genes
derived from transposable elements among which 43
genes are derived from domesticated DNA transposons!®l.
One of these neogenes, which is selected in this study,
is the neogenic recombinase nuclear apoptosis-inducing
factor 1(NAIF1) code the protein NAIF1 that derived
from the DNA transposon by molecular domestication.
NAIF1 is a nuclear protein that contains a Myb-like
domain at its N-terminal region!®].

The human gene encoding nuclear apoptosis
inducing factor 1 (NAIF1) is located on chromosome
9q34.11, and reported to repress the progression of
several human cancers!®!0-14],

{10.12] " prostate carcinomal'll, in

14]

In gastric cancer
osteosarcoma cells!'3], in non-small-cell lung cancer!
NAIF1 inhibit the progression of cancer by inducing
apoptosis and it plays an important role in control of
the expression of some pivotal anti-cancer or apoptosis-
related genes in physiological levell!®?]. These

findings may indicate that it is very likely that NAIF1
may predominantly act as a tumor-suppressive gene,
possibly through the activation of apoptotic pathways,
in various types of cancers [!14] In the present study
the model retained for the study of the expression of
NAIF1 neogenic protein by the western blot method
was an in vitro model of human colorectal cancerous
and non-cancerous tissues, using the protein extracted
from these tissues and by the antibodies synthesized by
Arnaoty et all'’], that allow the study of the expression
and the analysis of neogenic recombinase corresponding
to NAIF1 protein.

The aim of this study is to show the protein
expression of NAIF1 in these colorectal tissues.

Materials and Method

The tumor samples and their Characteristics:
Frozen samples of colorectal tumors (tumor tissue and
adjacent non-tumoral colonic tissue) from 29 patients
operated with colorectal cancer in 2007 or 2008 and
stored in a tumor bank were selected for this study. The
main characteristics of the included colorectal tumors
are summarized in Table 1.

Table 1 : The main characteristics of the included colorectal tumoral and non-tumoral samples.

Pt N° | Sex ;relllll: 00/: loin%:lai;on Stage | Differentiation | Status MSI, MSS BRAF KRAS
1 F 80% Rt colon 2 Intermediate MSI-H Non mutated
2 M 90% Rt colon 2 Poor MSS Non mutated
3 M 90% Lt colon 4 Poor MSS Non mutated
4 F 90% Lt colon 2 Intermediate MSS G13D
5 M 90% Sigmoid 2 Intermediate MSS G12D
6 M 90% Rt colon 4 Good MSS G12A
7 M 90% Rt colon 3 Poor MSI-H Non mutated Non mutated
8 M 75% Rt colon 3 Intermediate MSS Non mutated
9 F 80% Rt colon 3 Poor MSI-H V600E Non mutated
10 M 75% Rt colon 3 Poor MSS G12C
11 M 90% Rt colon 1 Intermediate MSS G12D
12 M 90% Rectum 3 Intermediate MSS G13D
13 F 50% Rt colon 3 Intermediate MSI Non mutated Non mutated
14 F 80% Rt colon 3 Poor MSI-H Mutated
15 M 70% Rt colon 2 Intermediate MSI-H V600E
16 F 50% Rt colon 2 Intermediate MSS G128
17 M 50% Sigmoid 2 Intermediate MSS Non mutated
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Pt N° | Sex i‘llll: 00/: locrl;\lllilzna(zon Stage | Differentiation | Status MSI, MSS BRAF KRAS

18 F 60% Sigmoid 2 Intermediate MSS Non mutated

19 M 50% Lt colon 2 Intermediate MSS Non mutated

20 M 50% Lt colon 2 Intermediate MSS Non mutated

21 M 55% Sigmoid 3 Intermediate MSS Non mutated

22 F 50% Rt colon 3 Good MSS G12A

23 F 65% Lt colon 3 Poor MSS Non mutated

24 F 65% Lt colon 3 Intermediate MSS G12D

25 F 65% Rt colon 3 Poor MSS Non mutated

26 F 70% Rt colon 4 Poor MSI-H Non mutated Non mutated

27 M 80% Lt colon 4 Poor MSS G12D

28 M 50% Lt colon 4 Intermediate MSS Non mutated

29 F 70% Lt colon 4 Poor MSS G12vV

M: Male, F :Female, Rt :Right, Lt :Left, MSI : Microsatellite instable, MSI-H : Microsatellite instable high, MSS: Microsatellite stable.

Protein extractions from tumeoral and non-
tumoral samples: Sections with a thickness of 10 um of
the samples of tumor and non-tumor tissues preserved at
-80°C, were made by using a cryostat in the department
of histopathology/Trousseau hospital/Tours/France.
From these tissue sections, protein lysates were prepared
using an ice-cold RIPA buffer (20 mM Tris-HCI (pH
7.2), 150 mM NaCl, 1 mM EDTA, 10% glycerol, 1%
Triton X- 100, 0.5% deoxycholate, 0.1% SDS, 1 mM
DTT, 16 complete protease cocktail (Roche)). The
protein extracts were assayed by the Bradford method
and preserved at -20 °C.

Analysis of proteins by acrylamide gel
electrophoresis: The electrophoresis technique under
denaturing conditions SDS-PAGE was used. The total
protein extracts were mixed with lysis buffer (20% SDS,
100 mM NaCl, 10 mM beta-mercaptoethanol, cocktail
of protease inhibitors (Hoche Diagnostics GmbH,
Mannheim, Germany)), and then denatured for 5 min at
95°C.

Fifty micrograms of protein extracts from cancerous
and non-cancerous tissues were deposited in each well
of a polyacrylamide gel.

Western Blot: After electrophoresis, the proteins
were transferred to a polyvinylidene difluoride (PVDF)
membrane (Bio-Rad, Richmond, USA) using “Trans-
Blot® SD Semi-DryTransfer Cell” (BIO-RAD) in
transfer buffer (40 mM Tris-base, 0.1M Glycine, 20%
ethanol).

The membranes were then incubated with the anti-
NAIF1 primary antibody (In Cell Art, Nantes/France) at
a dilution of 1: 250 for two hours at room temperature.
After three successive 10-minute washes then incubated
with a secondary antibody coupled to Goat anti-Mouse
IgG-HRP (Amersham, GE Healthcare) for 1 hour at
room temperature. After three successive 10-minute
washes the membranes were analyzed by means of a
chemiluminescence reaction (Amersham ECL Advance
Western Blotting Detection Kit, GE Healthcare) the
images were collected using the FUGI LAS4000 imager.
The membranes were then dehybridized and then re-
hybridized with a polyclonal anti-chicken actin antibody
(Abcam, USA).

Analysis of the data obtained by western blot:
For each patient, expression of the NAIF1 protein in
cancerous colorectal tissue was compared to that observed
in adjacent non-cancerous tissue. The expression results
were then analysed according to different clinical and
molecular parameters. The results were calculated
by taking into account on the migration gels the band
corresponding to the 35-kDa isoform of NAIF1
expression. The Western blot signals were analysed
with the Multi Gauge software (which determines the
optical density of the bands obtained in Western Blot
and corresponding to the protein expression and their
contents of housekeeping protein, actin).

Statistical Analysis: We have performed statistical
analyses to compare the two types of samples (cancerous
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(T) and non-cancerous (N)), this is an adjustment of
protein expression parameters as a function of stromal
cell percentage over sample T or N for each selected
patient. The Kolmogorov-Smirnov and Shapiro-Wilk
test were used to test a difference in NAIF1 expression
in these two types of samples [non-cancerous (N)
versus cancerous (T)], and for cancerous samples (T)
differentiate between non-metastatic/metastatic; MSI/
MSS; mutated KRAS, BRAF/non-mutated, A result is
considered significant if p<0.05.

hDn

Results

Expression of the NAIF1 protein in colorectal
(cancerous & non-cancerous): Results
highlighted a unique product of expression of NAIF1
in all samples of colorectal tissues cancerous (T) and
non-cancerous (N) by western blot, corresponding to
35 kDa molecular weight!!”) equal to that of the NAIFI
transposase (figure 1,2) using the anti-NAIF1 antibody
(In Cell Art, Nantes/France).

tissues
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Figure 1: NAIF1 expression by western blot for 8 patients with antisera anti NAIF1. Lanes 1 to 16
correspond to protein extracts colorectal tissues (N,T) in 8 patients respectively. Hybridizing the membranes
with a specific monoclonal antibody actin, in each lane. Molecular weights are indicated in the left margins.
Molecular weight of NAIF1 is indicated in the right margin.
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Figure 2: NAIF1 expression by western blot represented by Histogram for protein extracts of 8 samples with
anti NAIF1I.

The protein expression of the NAIF1 gene was
analysed according to different parameters figures 3:

We compared the expression of NAIF1 between the
two types of samples non-cancerous tissues (N) versus
cancerous tissues (T) by adjusting them according to
the percentage of stromal cell on the N and T sample.
This comparison showed that the level of expression of
NAIF1 in N is significantly higher than that observed in
T (p-value = 0.0001).

Also we compared the expression of NAIF1 for
the cancerous samples (T) according to the status of

phenotype microsatellite instable (MSI) or microsatellite
stable (MSS).

We observed that NAIF1 expression of T in MSI
tumors was significantly greater than that observed in
MSS tumors (p-value = 0.0001).

Then we compared the expression of NAIF1 for
cancerous samples (T) according to the metastatic or
non-metastatic stage of cancer. There is a significant
difference observed in NAIF1 expression in the
metastatic (low expression) versus non-metastatic (high
expression) stage of cancer, high expression in non-



metastatic compared with metastatic one (p-value =
0.0001).

Finally, we compared the expression of NAIF1
for cancerous samples (T) according to KRAS and
BRAF mutated versus non-mutated cancers. There is
no significant association was observed between the
level of NAIF1 expression for cancerous samples (T)
according to KRAS and BRAF mutated versus non-
mutated cancers.

Figure 3: NAIF1 expression according to comparison
between 3 parameters where P=0.0001. A: comparison
between (N, T). B: comparison between (non-metastatic,
metastatic). C: comparison between (MSI, MSS).

Discussion

Several studies have described the proteomic
expression of NAIF1 gene ['%14 Our results are
consistent with the previous studies were done on
NAIF1 gene expression showed that, NAIF1 is
expressed in both cancer tissue or cancer cell lines and
in non-cancerous or normal tissuel!®!2], this expression
was strong or high in non-cancerous or normal tissue
compared with weak or little seen in cancerous one. This
finding may be interpreted by a possible relationship
between gene expression and stage or grade of tumor
(inversely related) and inturn possible role for this gene
in the regression or inhibition in this type of cancer.
Our results here in colorectal tissue cancerous and non-
cancerous are in coherence with Luo’s finding in tissues,
they demonstrated NAIF1 protein is highly expressed in
human normal gastric tissue and down- regulated or lost
in gastric cancer tissuel!?l. These findings may indicate
that it is very likely that NAIF1 may predominantly
act as a tumor-suppressive gene, possibly through the
activation of apoptotic pathways, in various types
of cancers!!*!4, On the other hand, the high level of
expression of NAIF1 in normal areas might suggest a
role of NAIFI in the control of genes with anti-tumor
activity.

NAIF1 is significantly highly expressed in the
tumor tissues of the colon with molecular phenotype
of microsatellite instable (MSI) than in those of
microsatellite stable (MSS) molecular phenotype. These
results tend to suggest that NAIF1 could be associated
with the mechanism of carcinogenesis of colorectal
cancers of MSI molecular phenotype. Unfortunately, no
information available in the bibliography tried to reveal
this possible link between the genetic phenotype of cancer
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wether microsatellite instable (MSI) or microsatellite
stable (MSS) status at the level of nucleotide and NAIF1
gene expression. To confirm the correlation, further
research is required.

NAIF1 expression in the metastatic (low expression)
versus non-metastatic (high expression) stage of
colorectal cancer, is in coherence Luo’s finding in
tissues!!?l. This may be assumed by either the gene has a
role in inhibition the progression of cancer by inducing
apoptosis or the highly progressed cancer express this
gene little. Further investigation will be required to
clarify this relationship.

Conclusion

The higher expression of NAIF1 protein in non-
cancerous colorectal tissues and lower expression in
cancerous one, with higher expression in non-metastatic
than metastatic one may indicates a relationship between
cancer inhibition and regression with gene expression.
There is a role of NAIF1 in colorectal carcinogenesis
especially for cancers of microsatellite instable (MSI)
phenotype. Therefore, NAIF1 may provide new clues
for developing anti-cancer drugs.
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