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Abstract 

Background Colorectal cancer (CRC) is considered the second-deadliest and third-most common malignancy 
worldwide. Studying the carcinogenic mechanism of bacteria or their role in aggravating cancer can be precious. 
Fusobacterium nucleatum (F. nucleatum) is one of the important bacteria in the occurrence and spread of CRC. In this 
study, we investigated the expression levels of miR-21, miR-17-5P, miR-155, and the relative frequency of F. nucleatum 
in biopsy samples from patients with CRC.

Method DNA and RNA samples were extracted using a tissue extraction kit, and then cDNAs were synthesized using 
a related kit. Based on the sequence of miR-17-5P, miR-21, and miR-155 genes, F. nucleatum specific 16srRNA and 
bacterial universal16srRNA specific primers were selected, and the expression levels of the target genes were analyzed 
using the Real-Time PCR method.

Results The expression level of miR-21, miR-17-5P, and miR-155 genes showed a significant increase in the cancer 
group. Also, the expression of the mentioned miRNAs was significantly raised in the positive samples for F. nucleatum 
presence. The relative frequency of F. nucleatum in the cancer group was significantly increased compared to the 
control group.

Conclusion Due to the changes in the expression of genes involved in causing CRC in the presence of F. nucleatum, 
it is possible to prompt identification and provide therapeutic solutions to cancer patients by studying their microbial 
profiles and the expression changes of different selected genes.
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Introduction
Colorectal cancer (CRC) is one of the most common 
malignancies among men and women [1]. CRC is the 
second-deadliest cancer and the third leading cause of 
death worldwide According to 2020 reports [2], this can-
cer affects about 1.9 million people annually [3]; CRC is 
therefore one of the fatal cancers, so early detection and 
treatment are critical [4]. Early stages of CRC are often 
asymptomatic, making on-time diagnosis an important 
clinical challenge. Due to the multifactorial nature of 
cancer, and since microbes, especially bacteria, can be 
among the important factors, investigating the mecha-
nism of bacterial carcinogenesis or their role in cancer 
progression is crucial [5, 6]. There has been evidence that 
certain human cancers can be related to some micro-
organisms [7]. Metagenomic evaluations of intestinal 
microbiota show an innumerable phylogenetic diver-
sity with an estimated more than 1000 phylotypes in the 
human population, with at least 160 species common 
to each individual [8, 9]. Changes in intestinal micro-
biota are associated with a variety of diseases, including 
CRC. The CRC-associated intestinal microbiota is rich in 
opportunistic proinflammatory pathogens such as Fuso-
bacterium [10]. Various studies have shown an increase 
in Fusobacterium species in patients with CRC compared 
with healthy individuals and inflammatory tissue of the 
colon in the precancerous phase [11, 12]. Fusobacterium 
nucleatum (F. nucleatum) is an anaerobic gram-nega-
tive bacterium that uses its pathogenic factors, such as 
adhesion molecules and lipopolysaccharide, to induce 
inflammation and activate the immune system’s immune 
responses through various cellular signaling pathways 
[13, 14]. According to the results of studies on the early 
detection and diagnosis of CRC, various genetic factors 
can be used as molecular markers for the early detec-
tion of CRC, including the family of miRNAs [15]. miR-
NAs are small non-coding regions in RNA that play an 
important role in regulating all biological pathways in 
living organisms [16]. Under normal physiological con-
ditions, these factors can be involved in various cellu-
lar functions such as proliferation, differentiation, and 
apoptosis. miRNAs can also be associated with various 
human diseases [17, 18]. There is a lot of evidence that 
shows a significant increase and decrease in the levels of 
miRNAs in common human cancers [19], including the 
rise in miR-21 in CRC [20], which can affect the metabo-
lism of tumor cells, stimulate angiogenesis, reduce regu-
lation of tumor inhibitory genes, promote escape from 
immune monitoring, and create favorable conditions for 
tumor invasion [21, 22]. Increased miR-21 expression is 
also involved in metastasis [20]. In addition, miR-17-5P is 
highly expressed in people with CRC, miR-17-5P expres-
sion is altered in the metastatic and miR-17-5P has been 

proposed as a marker for the detection of CRC metastasis 
stage [23]. Alteration in miR-155 expression also plays a 
role in tumor suppression and plays a role in inducing the 
WNT/β-catenin pathway, miR-155 expression inhibits 
metastasis at the stage when adenoma-carcinoma enters 
the metastatic stage [24]. On the other hand, the presence 
of bacteria such as F. nucleatum may affect the expression 
level of the mentioned genes. To determine whether the 
presence of this bacterium affects the expression of genes 
that are involved in CRC development, in this study, the 
expression of miR-21, miR-17-5P, and miR-155 genes and 
the relative presence of F. nucleatum in biopsy specimens 
of patients with CRC and healthy individuals were inves-
tigated by Real-Time PCR.

Method
Sampling
In the study, 20 samples were taken from healthy people 
with suspected CRC who had colonoscopies, and 40 sam-
ples were taken from the colon and rectum of patients 
with CRC as a cancer group. Colonoscopy biopsies 
were obtained from the right (from the cecum to trans-
verse) and left (from descending to the rectum) colons 
of patients. Tissue biopsies were collected in Transystem 
tubes containing normal saline and RNA-later. Tissues 
were stored in a freezer (− 20 °C) for analysis.

DNA and RNA extraction and cDNA synthesis
DNA and RNA extraction from biopsy specimens was 
performed using a DNA extraction kit and RNA extrac-
tion for tissue samples (Rojeh Company- Iran). A spec-
trophotometer (NanoDrop, 2000) was used to measure 
the concentration and purity of the extracted DNA. The 
synthesis of cDNAs was performed using a cDNA syn-
thesis kit (RT-Roset, Rojeh Company- Iran).

Real‑time PCR
Real-Time PCR was performed using the specific primers 
mentioned in Table 1 to evaluate the expression changes 
of the selected genes and the relative abundance of F. 
nucleatum. Quantitative PCR reactions were performed 
on Real-Time PCR Applied Biosystems 7900 using 
 SYBR® select Master Mix in 20 μl reactions. Cycle con-
ditions for the miR-21, miR-17-5P, and miR-155 genes 
were as follows: 95 °C for 5 min (activation of Taq DNA 
polymerase) and 40 cycles at 95 °C for 30 s, 60 °C for 30 s 
and 72 °C for 30 s. Cycle conditions for the detection of 
F. nucleatum were as follows: 95 °C for 5 min (activation 
of Taq DNA polymerase), and 40 cycles at 95 °C for 20 s, 
56 °C for 30 s, and 72 °C for 20 s.
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Reference gene qPCR
The gapdh cellular gene was used to normalize the tar-
get genes expression in biopsy specimens for miRNA 
genes and the bacterial universal 16srRNA gene was 
used as a reference gene to evaluate the relative abun-
dance of F. nucleatum (Table 1). All qPCR reactions for 
controls and tests were evaluated in duplicate.

Statistical analysis
Biopsy specimens from the cancer group (n = 40) and 
control group (n = 20) in terms of presence and relative 
frequency of F. nucleatum, as well as relative expres-
sion of miR-21, miR-17-5P, and miR-155 genes, were 
analyzed.

The formula  2−ΔΔCt was used to determine the rela-
tive expression of each miRNA to gapdh RNA.

Fold change of target genes expression was calculated 
using the following formula.

SPSS version 21 and PRISM software version 8 were 
used for data analysis. Quantitative data were sum-
marized as mean and reaction progression deviation. 
Quantitative data were examined for normal distribu-
tion, and in the case of normal distribution, analysis of 
variance (Non-parametric ANOVA) with a significant 
level (P value > 0.05) was used.

��Ct = �Ct Target −�Ct (Reference)

2−(Ct Target − Ct Reference) Tumor/2−(Ct Target − Ct Reference) Normal

Results
Samples
In this study, the subjects in the cancer group included 
52% women and 48% men, with the age range between 
50–60 and 50–80 years in the women and men groups, 
respectively. The subjects in the control group included 
45% women and 55% men, among whom the high-
est age range was between 30–40 and 30–50  years for 
women and men, respectively. Among the evaluated 
patients, the most common symptoms that led to colo-
noscopy were anemia (34%), abdominal pain (31%), 
blood in the stool (19%), and rectal bleeding (16%). 
Figure  1 shows the frequency of different gut parts’ 
involvement in CRC based on the gastroenterologist’s 
initial examinations and the pathologists’ microscopic 
examinations. The morphological diversity of tissue 
samples in this study included adenocarcinoma (87%) 

Table 1 Primers used in this study

Gene Primer sequences 5′‑3′ References

gapdh F: ATG TTG TGC CTA CCT CCA TCT [24]

R: GGT GCT AAG CAG TTG GTG GT

miR-155 F: ACA CTC CAG CTT AAT GCT AAT CGT GATAG [25]

R: CTC AAC TGG TGT CGT GGA 

miR-21 F: GCC CGC TAG CTT ATC AGA CTG ATG [26]

R: CAG TGC AGG GTC CGA GGT 

miR-17-5P F: ACA CTC CAG CTG GGC AAA GTG CTT ACA GTG CA [27]

R: TGG TGT CGT GGA GTC GGC 

16srRNA- F. nucleatum F: GAT CCA GCA ATT CTG TGT G [28]

R: CGA ATT TCA CCT CTA CAC TTG 

16srRNA-Universal F: AGMGTT YGA TYMTGG CTC AG [29]

R: GCT GCC TCC CGT AGG AGT 

Figure1 Types of cancer samples examined in this study
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and adenoma (13%). The tissue samples studied include 
the Proximal and Distal sections of intestinal tissue. 
A complete description of cancer samples is shown in 
Table 2.

The expression level of target genes
As a control, the gapdh gene was used to evaluate the 
expression of miR-21, miR-17-5P, and miR-155. Real-
Time PCR was used to estimate gapdh gene expression 
levels in cancer and control group samples. According 
to the results, a comparison of miR-21 gene expression 
in control and cancerous groups shows that the miR-21 
gene in the cancer group significantly increased com-
pared to the control group (P value = 0.0058). Com-
parison of miR-17-5P expression in control and cancer 
groups showed that the miR-17-5P gene significantly 
increased in cancer compared to the control group (P 
value = 0.0194). A comparison of miR-155 expression in 
healthy and cancerous groups indicated that this gene’s 
expression significantly increased in the cancer group 
compared to the control (P value = 0.0005). A compari-
son of the expression of these genes in the two groups is 
shown in Fig. 2. As determined by fold change Analysis of 

Table 2 Pathological information of patients with CRC 

Patients Tumor

Sample ID Age Sex Location Size (cm) Morphology

C01 42 F Ascending 
colon

0.3 × 0.2 × 
0.1

Adenocarci-
noma

C02 59 M Hepatic 
flexure

0.5 × 0.4 × 
0.2

Adenocarci-
noma

C03 72 M Rectum 1.5 × 1 × 0.3 Adenocarci-
noma

C04 82 F Sigmoid colon 1.5 × 1 × 0.7 Adenocarci-
noma

C05 69 F Sigmoid colon 0.5 × 0.4 × 
0.2

Adenocarci-
noma

C06 51 M Descending 
colon

0.3 × 0.2 × 
0.1

Adenocarci-
noma

C07 49 M Sigmoid colon 0.3 × 0.2 × 
0.1

Adenocarci-
noma

C08 78 M Cecum 0.3 × 0.2 × 
0.1

Adenocarci-
noma

C09 68 M Cecum 0.5 × 0.3 × 
0.2

Adenocarci-
noma

C10 48 F Rectum 0.8 × 0.6 × 
0.2

Adenoma

C11 76 F Cecum 1 × 1 × 0.3 Adenocarci-
noma

C12 27 M Ascending 
colon

0.6 × 0.4 × 
0.2

Adenocarci-
noma

C13 51 F Rectum 1 × 0.7 × 0.3 Adenocarci-
noma

C14 84 M Rectum 0.3 × 0.2 × 
0.1

Adenoma

C15 70 F Rectum 0.3 × 0.2 × 
0.1

Adenocarci-
noma

C16 76 F Hepatic 
flexure

0.3 × 0.2 × 
0.1

Adenocarci-
noma

C17 56 F Sigmoid colon 0.5 × 0.3 × 
0.2

Adenocarci-
noma

C18 65 M Ascending 
colon

0.5 × 0.3 × 
0.2

Adenocarci-
noma

C19 51 M Sigmoid colon 1 × 0.7 × 0.3 Adenocarci-
noma

C20 49 M Sigmoid colon 0.3 × 0.2 × 
0.1

Adenocarci-
noma

C21 63 F Sigmoid colon 1 × 0.8 × 0.2 Adenoma

C22 58 M Sigmoid colon 0.9 × 0.7 × 
0.3

Adenocarci-
noma

C23 64 M Descending 
colon

0.3 × 0.2 × 
0.1

Adenocarci-
noma

C24 52 M Rectum 1 × 0.9 × 0.2 Adenocarci-
noma

C25 58 F Ascending 
colon

0.6 × 0.2 × 
0.2

Adenoma

C26 45 M Descending 
colon

0.7 × 0.5 × 
0.2

Adenocarci-
noma

C27 56 F Rectum 0.3 × 0.2 × 
0.1

Adenocarci-
noma

Table 2 (continued)

Patients Tumor

Sample ID Age Sex Location Size (cm) Morphology

C28 86 M Rectum 0.3 × 0.2 × 
0.1

High grade 
glandular 
dysplasia

C29 73 M Rectum 0.3 × 0.2 × 
0.1

Adenocarci-
noma

C30 59 F Rectum 0.3 × 0.2 × 
0.1

Adenocarci-
noma

C31 63 F Rectum 0.3 × 0.2 × 
0.1

Adenocarci-
noma

C32 73 M Cecum 1 × 0.5 × 0.5 Adenocarci-
noma

C33 57 M Sigmoid colon 0.7 × 0.6 × 
0.1

Adenocarci-
noma

C34 58 F Sigmoid colon 0.6 × 0.5 × 
0.2

Adenocarci-
noma

C35 71 F Rectum 1.5 × 1 × 0.2 Adenoma

C36 62 M Transverse 
colon

0.8 × 0.5 × 
0.2

Adenocarci-
noma

C37 78 M Rectum 0.3 × 0.2 × 
0.1

Adenocarci-
noma

C38 78 F Sigmoid colon 0.3 × 0.2 × 
0.1

Adenocarci-
noma

C39 53 F Sigmoid colon 0.3 × 0.2 × 
0.1

Adenocarci-
noma

C40 66 F Rectum 0.3 × 0.2 × 
0.1

Adenocarci-
noma

F Female, M Male
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miRNAs genes, the level of miR-21 gene expression was 
17 times higher in the cancer group than in the control 
group (P value = 0.005), while miR-17-5P and miR-155 
gene expression increased by over eight times in com-
parison to the control group (P value = 0.019) (Fig.  3). 
In order to estimate the relative abundance of the bacte-
rium, the 16srRNA gene primers specific for F. nucleatum 
were used. The results indicated that the frequency of F. 
nucleatum in the cancer group was significantly higher 
than in the control group (P value = 0.0243) (Fig. 4).

F. nucleatum abundance in cancer and control groups
For all samples taken from two control groups and the 
cancer group, real-time PCR was performed using 16  s 
rRNA specific for F. nucleatum. The relative frequency of 

F. nucleatum in the cancer group was significantly higher 
than in the control. The relative frequency of F. nuclea-
tum was 70% in the cancer group and 25% in the con-
trol group. In addition, the results of the present study 
showed that F. nucleatum was more prevalent in men 
than in women with cancer since 58% of men and 42% of 
women were positive for the bacterium presence. There 
was also a difference in the relative prevalence of F. nucle-
atum among cancer patients in different age groups, with 
a greater prevalence among men between 50 and 80 and 
women between 70 and 80.

Relative abundance of F. nucleatum in different types 
of CRC samples
Investigations of the association between tumor posi-
tion and frequency of F. nucleatum showed that F. 
nucleatum is present in 63% of tumors in the distal part 
of the colon and 27% of tumors in the proximal part of 

Fig. 2 Comparison of the expression level of A miR-21, B miR-17-5P, and miR-155 genes in cancer and control groups

Fig. 3 Fold change analysis of miR-21, miR-17-5P, and miR-155 genes 
expression in the cancer group relative to the control cancer groups

Fig. 4 Comparison of the presence of F. nucleatum- 16srRNA gene in 
cancer and control groups
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the colon and rectum. According to our results, tumors 
located in the distal part of the colon were more fre-
quently associated with F. nucleatum (Fig.  5). Results 
indicated that F. nucleatum was more prevalent in 
cancer specimens with adenocarcinoma morphology 
than in other morphologic types. F. nucleatum was 
detected in 71% of cancer specimens with adenocarci-
noma morphology and 13% with adenoma morphology. 
According to the results, the relative distribution of 
F. nucleatum in different parts of the large intestine is 
different; the most abundance was observed in the sig-
moid, rectum, cecum, ascending colon, hepatic flexion, 
descending colon, and transverse colon, respectively 
(Fig. 5).

Changes in the relative expression levels of the selected 
genes in the presence and absence of F. nucleatum
Based on a comparison of miR-21, miR-17-5P, and miR-
155 expression levels in cancer group samples with and 
without F. nucleatum, it was found that F. nucleatum-
positive cancer specimens displayed a higher increase in 
these genes’ expression relative to F. nucleatum-negative 
cancer specimens. In order to assess the level of expres-
sion of miR-21, miR-17-5P, and miR-155 genes, a fold 
change analysis was performed. According to the results, 
miR-21 and miR-17-5P expression levels were increased 
by about 3.5 and 8 times in the F. nucleatum-positive 
cancer group compared to the F. nucleatum-negative 
cancer group, respectively. In addition, miR-155 expres-
sion levels increased about 17 times in the F. nucleatum-
positive cancer group (Fig. 6).

Discussion
Colorectal cancer (CRC) is one of the most common 
cancers worldwide; host–pathogen interactions may 
play an essential role in development of some types of 
cancers. In the current study, the expression of miR-21, 
miR-17-5P, and miR-155 genes in presence and absence 
of F. nucleatum in biopsy specimens of patients with 
CRC and healthy individuals were evaluated. In the pre-
sent study, different parts of the right and left colon were 
examined, including the sigmoid (30%), rectum (36%), 
cecum (10%), ascending colon (10%), descending colon 
(7%), hepatic flexion (5%), transverse colon (2%), the 
results of the current study also showed a higher com-
monness of CRC in the left part of the colon than in the 
right part, especially in the sigmoid and rectum. A study 
by Komiya et al. in Japan (2018) examined biopsy speci-
mens of the ascending colon (46%), sigmoid (30%), and 

Fig. 5 Relative abundance of F. nucleatum in cancer samples taken 
from the different parts of the colon

Fig. 6 Comparison of the relative presence of F. nucleatum- 16srRNA and the expression level of A miR-21, B miR-17-5P, and C miR-155 genes in 
cancer samples
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rectum (24%) of patients with CRC. This study found a 
higher incidence of CRC in the ascending colon, contrary 
to our study, their results indicate that CRC occurs more 
frequently in the rectum [30]. In another study by Tunsjo 
et  al. in Norway (2019), various biopsy specimens were 
examined from different parts of the colon, including 
the sigmoid (44%), cecum (24%), ascending colon (13%), 
rectum (13%), and transverse colon (8%). Unlike the cur-
rent study, the hepatic flexion section was not examined 
in their study nevertheless, overall results were similar 
to ours [31]. In light of the importance of CRC, study-
ing its causes is crucial. It is possible to provide effective 
prevention and treatment solutions by understanding 
the causes of these diseases. CRC, like other cancers, can 
start with mutations in specific genes, such as miRNAs 
that play an essential role in several intracellular signaling 
mechanisms [32]. Changing miRNA genes’ expression 
disrupts these genes’ function, which can induce cancer 
[33]. The current study found a significant increase in 
the miR-21, miR-17-5, and miR-155 genes’ expression in 
patients with CRC. Evaluation of miRNA gene expres-
sion levels using real-time PCR in our study revealed 
that miR-21 gene expression significantly increased times 
in the cancer group compared to the healthy group. On 
the other hand, the miR-17-5P and miR-155 gene expres-
sion was also raised. According to a study by Shibuya 
et al. in Japan (2011), the expression of miR-21 and miR-
155 genes in the cancer group increased more than 7 
and 10 times, respectively; the expression of these genes 
[34]. Also, according to the findings of the study by Nas-
sar and his colleagues in Lebanon (2021), using serum 
samples of CRC and healthy individuals, the expression 
of miR-21 and miR-155 genes in the cancer group was 
increased by more than 4 and 3 times, respectively [35]. 
In addition to colorectal cancer, the change in miR-21 
gene expression is particularly important in other can-
cers, such as lung, breast, and stomach cancer [36–38]. 
The same as our study, other studies, including Huang 
et al. in China [39], Ibrahiem et al. in Saudi Arabia (2020) 
[40], and Sun et al. in China [41] the expression level of 
miR-17-5P gene in CRC patients showed a significant 
increase. It has been shown that CRC patients’ intestinal 
microbiota is dominated by opportunistic proinflamma-
tory pathogens such as Fusobacterium. CRC outcomes 
are influenced by F. nucleatum. TLR4 and MYD88 sig-
nals are activated in the presence of this bacterium, and 
miR-21 expression is upregulated, NF-B is activated, and 
RASA1 is suppressed, increasing CRC cell proliferation 
[20, 25, 26]. In addition, the presence of F. nucleatum was 
also associated with poor prognoses in CRC patients and 
probably contributed to chemoresistance, therefore, if 
it is determined that the frequency of this bacterium is 
higher in cancer tissues, it can be considered a potential 

marker for predicting the development or occurrence of 
CRC [27, 28]. Comparing CRC and control tissue sam-
ples, we found that people with CRC have a significantly 
higher amount of F. nucleatum presence than those with-
out cancer. In this study, the presence of F. nucleatum 
was seen in 70% and 25% of samples taken from cancer 
and control groups, respectively. As in the present study, 
Shariati and colleagues in Iran conducted a study com-
paring biopsy samples of control and CRC patients in 
2020 and found that the relative frequency of F. nuclea-
tum was higher in CRC patients compared to controls; 
23% of cancer patients and 13% of controls exhibited F. 
nucleatum [29]. An increase in the relative abundance 
of F. nucleatum was also reported in the study by Tunsjo 
and her colleagues in Norway (2019) conducted on stool 
samples from people with CRC and healthy people [31]. 
The present study evaluated the relative expression of 
miR-21, miR-17-5P, and miR-155 related to the presence 
and absence of F. nucleatum in the cancer group samples. 
Compared with the absence of F. nucleatem, the selected 
genes displayed higher expression in the presence of 
this bacterium. These results can partially confirm the 
effect of this bacteria in causing cancer by changing the 
expression level of some miRNAs. In general, most stud-
ies conducted in Iran and other countries in the field of 
CRC investigated the expression changes of important 
miRNAs, especially miR-21, miR-17-5P, and miR-155, 
regardless of the influence of microbial factors such as F. 
nucleatum. The present study is noteworthy since it has 
evaluated the expression changes of these genes inde-
pendently and in the presence of F. nucleatum in CRC 
patients.

Conclusion
The results of the present study show an increase in the 
expression of specific miRNA genes in cancer samples 
compared to the control. We also found that the relative 
frequency of the presence of bacteria increased in CRC 
biopsy samples compared to healthy individuals. It was 
also found that the expression of studied miRNAs in F. 
nucleatum-positive cancer samples is significantly higher 
compared to cancer samples without the detectable level 
of presence of this bacterium. All these results show the 
importance of investigating the presence of this bacte-
rium in CRC-confirmed or suspected samples in order 
to prognosis cancer progression more quickly and also 
to prevent its development. Also, considering the impor-
tant role of miRNAs and their increase in cancer samples, 
with further studies, they can be considered as biomark-
ers for the possible detection of the presence of cancer or 
its advanced level.
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