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Abstract

Background: Colorectal cancer (CRC) is the second and third most common cancer in men and women respectively, and the fourth
cause of cancer death of individuals. Mutations in specific genes can lead to colorectal cancer. UCA1 is one of the oncogenic genes
that have been shown to stimulate cell proliferation. mTOR1 is another gene that leads to the growth of cancer cells through anabolic
processes and autophagy inhibition.
Objectives: In this study, we evaluate the expression of these two genes in different phases of CRC, that helps the early detection of
colorectal cancer which can increase the survival rate.
Methods: First, we collected 25 colorectal cancer tumor tissues and 25 adjacent normal tissues as a control group. Then, RNA was
extracted from tissue samples and cDNA synthesized. The UCA1 and mTOR1 expression was evaluated in CRC tissues compared to
adjacent normal tissues by Real Time PCR.
Results: Our results showed that the UCA1 and mTOR1 expression in the tumor tissues was significantly higher than in the adjacent
normal tissues (P < 0.05). There was also a significant difference in Lynph inv and Vescu inv with mTOR1 expression (P < 0.05).
Conclusions: Our results showed that UCA1/mTOR1 may be important genes involved in colorectal cancer. mTOR1 was also identified
as one of the possible genes in metastasis of colorectal cancer. Thus, UCA1 and mTOR1 can probably be considered as biomarkers in
CRC therapy and diagnosis.
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1. Background

Colorectal cancer (CRC) is the second and third most
common cancer in males and females, respectively (1). The
incidence of colorectal cancer has increased from 1991 to
2012 by more than 200,000 new cases per year. Most peo-
ple with colorectal cancer are found in Western countries
(55%); however this is changing due to the rapid develop-
ment of some countries over the past few years (2). CRC is
a multifactorial disease in which genetic and environmen-
tal factors together play an essential role as risk factors.
Age, gender, ethnicity, heredity and family history, physi-
cal activity, overweight and obesity, diet, tobacco, and al-
cohol consumption are important environmental risk fac-
tors (3). Studies reveal that most people are at the highest
risk for colorectal cancer at age 50 and the colorectal can-
cer risk decreases after age 50 (4). A study of both men and

women has demonstrated that males are at greater risk
to CRC for high-risk lifestyle (5). Among the various races,
blacks have the highest amount of colorectal cancer (6-8).
High physical activity greatly reduces the risks of colorec-
tal cancer. Moreover, physical activity has directly related
to reducing obesity and overweight (9). Tobacco and alco-
hol have recognized among the most important CRC risk
factors for toxic and carcinogenic substances (10). How-
ever, hereditary factors also expose the persons to CRC. The
familial syndromes, and a family history of polyps and in-
testinal adenomas in first- or second-degree family mem-
bers increases the risk of CRC (11).

Diagnosis of the CRC in the early stages strongly has af-
fected the appropriate treatment of colorectal cancer. The
various screening tests, such as biomarkers, gene expres-
sion profiles, computed tomographic colonography (CTC),
and other modern methods, have developed to help early
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diagnosis and reduce mortality of CRC (3).

CRC has misled symptoms such as abdominal pain,
mood swings, and anemia, which may be seen in other in-
flammatory diseases (12, 13). Common colorectal cancer
treatments include surgery, chemotherapy, and radiother-
apy, which are used according to the CRC stage (14). So,
screening tests are essential for CRC diagnosis and treat-
ment.

Although environmental risk factors are relatively pre-
dictive of colorectal cancer, genetic factors and mutations
also play an important role as a risk factor. Numerous mu-
tations may be involved in colorectal cancer, the most im-
portant of which occurs in the DNA repair system, often
involving APC, TP53, and KRAS (15). Among genetic factors,
one of the most important mutations occurs in long non-
coding RNA (LncRNA). UCA1 mutation disrupts the regula-
tion of the cell cycle. This long non-coding RNA is involved
in many oncogenic pathways, is known to be an important
factor in drug resistance (16). In cancer cells, UCA1 is stim-
ulated by hypoxia-1 induction factor during oxygen defi-
ciency that under this condition, the secretion of UCA1-rich
exosomes increases (17, 18). The UCA1 gene also stimulates
the cell cycle, and its expression inhibition stops the G0/G1
phase in cancer cells (16). Initially, UCA1 was suggested as
a marker for the prognosis and survival of patients with
colorectal cancer (16, 19). Interestingly, a recent study of
tumor-derived exosomes showed that UCA1 expressed not
only in gallbladder cancer exosomes (17), but also in exo-
somes isolated from serum of colorectal cancer patients
(20).

Another gene which is involved in colorectal cancer is
mTOR1. mTOR1 is an important regulator of cell growth
control that is abnormally activated in more than 70% of
cancers (21). mTOR1 acts as a kinase serine /threonine pro-
tein and is classically essential for cell growth by regulat-
ing protein translation. The mutation in this gene is di-
rectly related to the activation of oncogenic pathways (22).
mTOR1 is also associated with metabolic development, vas-
cular production, and metastasis. Based on the wide range
of cancer features promoted by mTOR1, it is not surprising
that cancer cells choose the mTOR1 pathway as a mecha-
nism for their development (23).

Wu et al. showed that LncRNA UCA1 was involved in ta-
moxifen resistance by activating the mTOR1 pathway, in-
dicating a link between the mTOR1 pathway and LncRNA
UCA1 (24). In a study on the role of UCA1 in lung cancer,
Wang and Fa, also showed that degradation of UCA1 leads
to inhibit viability and glycolysis in NSCLC cells by sup-
pressing PKM2 expression (25).

2. Objectives

Considering the relationship between these UCA1 and
mTOR1 in different cancers, we evaluated this relationship
in Iranian patients with colorectal cancer.

3. Methods

3.1. Tumor Tissues

25 tumor tissues and adjacent normal tissues from col-
orectal cancer patients were collected. The average age
of patients was 41.3 years (Table 1). Written informed con-
sents were obtained from patients of all subjects, and the
research protocol was approved by the Ethics Committee
of Islamic Azad Tehran Medical Sciences University- Phar-
macy and Pharmaceutical Branches Faculty (Approval ID:
IR.IAU.PS.REC.1399.085).

Table 1. Clinical Information of Patients

Variables Values

Average age 41.3

Stage of the disease

I 6

II 11

IV 5

Lymphatic invasion 15

Vascular invasion 10

Total 47

3.2. RNA Extraction and cDNA Synthesis

According to the company’s protocol, total RNA was
extracted from tissues using the South Korean company
Genall’s Trizol solution. The quantity and quality of ex-
tracted RNAs were measured using spectrophotometer
(A260/280 ratio) and agarose gel electrophoresis. cDNA
synthesis was then performed using Takara’s cDNA synthe-
sis kit according to the manufacturer’s instructions.

3.3. Real Time PCR

In order to evaluate the expression of UCA1 and mTOR1,
Real Time PCR was performed using primers designed for
target genes (Table 2).

3.4. Statistical Analysis

The data from the real time PCR reaction were evalu-
ated using Excel and SPSS software. ANOVA and t-test were
used to analyze the data. In all cases, p-value less than 0.05
was considered as a significant difference.
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Table 2. Sequence of Specific Primers for UCA1 and mTOR1 Genes

Gene Primers Sequence

mTOR1

Forward 5’-GGGACAGCATGGAAGAATACA-3’

Reverse 5’-TGTTGTGCCAAGGAGAAGAG-3’

UCA1

Forward 5’-CCTATCTCCCTTCACTGACTCT-3’

Reverse 5’-GTCCGTATAGAAGACACCCAATC-3’

GAPDH

Forward 5’-CCGAGCCACATCGCACAG-3’

Reverse 5’-GGCAACAATATCCACTTTACCAG-3’

4. Results

4.1. UCA1 and mTOR1 are Upregulated in CRC Tissues

The expression of UCA1 and mTOR1 in tumor tissues
and adjacent normal tissues was compared. The analysis
showed that UCA1 and mTOR1 genes had high expression
levels in tumor tissues in comparison with adjacent nor-
mal tissues (P < 0.05) (Figure 1).

First, we evaluated the relationship between the sam-
ples in tumor tissues and adjacent normal tissues, and
then evaluated the relationship between different groups
of each sample separately, for metastasis detection and
early detection (Figure 2).

4.2. UCA1 / mTOR1 Expression in Different Grades of the Tumor

The expression of UCA1 gene in Grade I and IV, and in
Vescu inv and Lynph inv was insignificant (P > 0.05). How-
ever, Grade II showed significant changes (P < 0.05).

The mTOR1 at different grades of tumor specimens
(grade I, II, IV) as well as in the lymphatic invasion and vas-
cular invasion (Vescu inv and Lynph inv) showed a signifi-
cant increase in expression (P < 0.05).

5. Discussion

In this study, our finding showed that UCA1 expression
in tumor tissue was higher than adjacent normal tissues.
We also performed the UCA1 expression in different tumor
grades, Lynph inv, and Vescu inv. We found that UCA1 ex-
pression increased in grade II of colorectal cancer but had
no significant changes in Lynph inv, and Vescu inv. These re-
sults suggest that UCA1 probably plays a vital role in the de-
velopment of colorectal cancer. Therefore, UCA1 can proba-
bly be considered as a biomarker for the early detection of
colorectal cancer.

We also found that mTOR1 expression increased in tu-
mor tissue compared to adjacent normal tissues. Lynph

inv and Vescu inv results were significant and mTOR1had
higher expression in IV grade of CRC tissues. Therefore,
mTOR1 may be correlated with metastasis and cell prolif-
eration in CRC. Therefore, mTOR1 can possibly be used for
the early detection of colorectal cancer and metastasis.

LncRNAs play a crucial role in regulating gene expres-
sion; therefore they contribute to cancer by affecting cel-
lular homeostasis, including proliferation, survival, migra-
tion, and gene stability (26). Recently, LncRNAs have identi-
fied as new markers for cancer detection, but operate with
different diagnostic accuracy. LncRNAs have suggested as
a promising indicator for the diagnosis of colorectal can-
cer. Mechanisms of how LncRNAs affect CRC development
and metastasis are unclear. UCA1 facilitates cell prolifera-
tion, and cell cycle progression, and prevents apoptosis in
colorectal cancer and is directly related to tumor size (16).
Yang et al. Showed that the Inhibition of UCA1 sensitized
colorectal cancer to radiotherapy, has increased radiation-
induced cell death, and cessation of the cell cycle in the
G2 / M phase by inhibiting colony formation proliferation
(27). Cui et al. reported that Inhibiting UCA1 and increas-
ing the expression of miR-28-5p together could stop the cell
growth and migration. The HOXB3 gene was identified as
a regulatory pathway for UCA1 activity that mediated be-
tween UCA1 and microRNA. Therefore, UCA1 has suggested
as a potential therapeutic target for colorectal cancer (28).

mTOR1 is located downstream of the PI3K/AKT path-
way and activates important signaling pathways such as
PI3K, MAPK, and AMPK to control cell growth, proliferation,
and survival. Given the main role of mTOR1 in cell growth
and metabolism, the relationship between mTOR1 path-
way activity and cancer can be predicted (29). In each of
the mTOR1 signaling pathways, different types of cancers
have reported, and generally, mTOR1 has a significant ef-
fect on tumor progression (30). Therefore, mTOR1 is an at-
tractive therapeutic goal. Previous studies reported that
mTOR1 was more associated with left-sided tumor local-
ization. High frequency and abnormal mTOR1 expression
provide the main reason for targeting this pathway, and
to treat colorectal cancer patients. However, the role of
mTOR1 in the prognosis of colorectal cancer cannot be con-
firmed and further studies need (31). In a study by Zhang et
al., mTOR1 signaling components such as mTOR1, p70s6 K,
and 4EBP1 were activated in colorectal cancer cells, and ma-
lignant large intestinal adenomas in colorectal cancer. In-
hibition of mTOR1 expression using specific siRNAs signifi-
cantly reduced cell growth in the laboratory and body. The
mTOR1 signaling was associated with clinical parameters
of colorectal cancer. They suggested silencing the mTOR1
gene through siRNA might be a novel treatment strategy
for CRC (32). Gulhati et al. showed that mTOR1 and mTOR2
increased at stage four and distant metastases in colorectal
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Figure 1. Expression of UCA1 and mTOR1 genes in tumor tissues and adjacent normal tissues
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Figure 2. UCA1 and mTOR1 expression in different tumor grades, lynph and vescu inv

cancer. Their findings showed that mTORC1 and mTORC2
were involved in the regulation of epithelial mesenchymal
transmission, motility, and metastasis of colorectal cancer
through RhoA and Rac1 signaling, and suggested that the
mTOR1 and mTOR2 inhibitors could be used as a therapeu-
tic target (33).

The mTOR1 and UCA1 play a vital role in the progres-
sion of colorectal cancer and may be used as appropriate
drug targets in the treatment, diagnosis, and prognosis of
colorectal cancer. According to the results of our research,
it can be said that mTOR1 and UCA1 probably play an im-
portant role in the development of colorectal cancer. In-
creased expression of UCA1 in tumor samples may show
a significant association with mTOR1, since mTOR1 expres-
sion has also increased. Similar to Wu and Luo (24) and
Wang and Fa’s study (25), which showed the relationship

between mTOR1 and UCA1 in different cancers, we also con-
cluded that there is a relationship between mTOR1/UCA1
and colorectal cancer in Iranian patients.
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