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ABSTRACT 
 

The expression level of exosomal long non-coding RNAs (lncRNAs) can be relevant for 

clinical diagnostic approaches. The object of our study was to evaluate the differential 

expression of lncRNAs colon cancer associated transcript 1 (CCAT1) and X-inactive specific 

transcript (XIST) in plasma exosomes of colorectal cancer (CRC) patients and investigate their 

potential as clinical biomarkers. In a case-control study, 62 CRC patients and 62 healthy persons 

were studied. Plasma exosomes were isolated by a centrifugation approach and were 

characterized by microscopy and western blotting. After RNA extraction and cDNA synthesis, 

using real-time PCR technique, the relative expression of lncRNAs was evaluated. The 

expression levels of lncRNA CCAT1, but not XIST, were meaningfully increased in the 

plasma-derived exosomes of CRC patients compared to non-cancer individuals (p= 0.001, 0.083 

respectively). Further analyses revealed that the expression levels of exosomal lncRNA CCAT1 

were associated with the lymphovascular invasion and tumor differentiation (p<0.05). ROC 

curve analysis documented a diagnostic power for lncRNA CCAT1 in CRC with a sensitivity of 

79% and a specificity of 80% with an optimal cutoff point 6.5, with an area under curve 

(AUC)=86% and p<0.0001. Also, lncRNA XIST revealed a sensitivity of 62% and a specificity 

of 61% with a cutoff point 2.4, with an AUC=65%. Our findings indicated the potential of 

plasma-derived exosomal lncRNA CCAT1 as a non-invasive clinical indicator for the diagnosis 

of CRC patients. 
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INTRODUCTION 
 

Colorectal cancer (CRC), as one of the most common types of gastrointestinal 

malignancies, is characterized by high morbidity and mortality worldwide. Because of disease 

nature, heterogeneity and diagnosis at late-stage, the 5-year the survival rate of CRC patients is 

usually low [1-4]. Although advanced screening approaches have improved overall survival of 

CRC patients, these methods still have some limitations such as invasiveness and high cost. 

Therefore, identification of helpful biomarkers for screening, early detection, and efficient 

therapy of CRC are very useful [5-8]. In recent decades, liquid biopsy-based non-invasive 

approaches for detection of cell-free circulating nucleic acids, including key tumor suppressor, 

oncogenes and non-coding RNAs (ncRNA) have become an interesting biosources to identify 

clinical biomarkers. In this regard, circulating cancer‐related components, including 

extracellular vesicles (EVs), and tumor‐educated platelets has increasingly attracted a lot of 

attention in diagnostic oncology [9-11]. 

Exosomes are a group of small membranous EVs with 30-150 nm in diameters that derived 

from nuclear endosomes and released from the cells in an endocytic manner. Exosomes make 

possible intercellular communication through transporting various signaling effectors, including 

nucleic acids and proteins [12, 13]. Hence, exosomes play a role as key mediators of 

transferring cancer-related molecular effectors driving the tumor microenvironment (TME) and 

heterogeneity.  

Considering the main role of exosomes in determining the biological processes of tumor 

cells, they have become as promising biological and clinical source for identification of clinical 

biomarkers in a number of pathological statuses, including cancer [14-16]. These EVs contain a 

range of biological components, including proteins, lipids and nucleic acids (DNA, mRNA and 

non-coding RNAs). Exosomal non-coding RNAs (ncRNAs) are gaining increasingly attention 

as one of the attractive sources of biological elements; their signatures have indicated as 

possible clinical biomarkers for the cancer detection [17-19]. 

Long non-coding RNAs (lncRNAs) are characterized as a group of functional ncRNAs over 

200 nucleotides in length with critical roles in cellular processing, including cell proliferation, 

differentiation and apoptosis. Therefore, these non-coding molecules are contributed in cancer 

initiation and invasion. Emerging evidences have revealed an association between lncRNAs and 

tumor clinicopathological features, indicating clinical significance of them as promising clinical 

hallmarks for CRC [20-23].  

Moreover, the expression levels of exosomal lncRNAs have been documented to be 

correlated with the tumor stage of cancer patients. Growing studies have demonstrated that 

tumor-derived exosomal lncRNAs release into and is detectable in liquid biopsies in a high 

quantity. Exosomal lncRNAs also are protected from RNases and their integrity and function 

are unchanged. Hence, the tumor-derived exosomal lncRNAs may be right targets for promising 

clinical biomarkers owing to stability, accessibility and being convenience detectable [24-26]. 

Based on previous findings, the expression level of these molecules in cell-free liquid biopsies 

such as plasma can be relevant for clinical diagnostic approaches.  

However, the involvement of potential lncRNAs in diagnostic and therapeutic aspects of 

colorectal oncology has not yet been well studied and needs further investigation. In this regard, 

several investigations on circulating specimens, including blood-based biosources have revealed 

an association with dysregulation of lncRNAs colon cancer associated transcript 1 (CCAT1) and 

X-inactive specific transcript (XIST) with clinical features of CRC. The findings have indicated 

potential significance of lncRNAs XIST and CCAT1 as clinical biomarkers in various 

malignancies [27-31]. Our purpose was to examine the expression pattern and clinical 

significance of plasma-derived exosomal lncRNAs CCAT1 and lncRNA XIST in colorectal 

cancer patients. 
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MATERIALS AND METHODS 
 

Patients and blood sample collection: After completing the informed consent by 

contributors, total whole blood specimens were collected from 62 CRC patients who were 

diagnosed as CRC with no chemotherapy and 62 healthy individuals with no malignancy or any 

diseases referred to Rasool Akram Hospital, Tehran, Iran between July 2022 and June 2023. 

The inclusion criteria were the confirmation of colorectal malignancy by a surgeon during the 

colonoscopy, and pathological assays. Exclusion criteria were the benign intestinal polyps, 

consumption of any chemotherapy drugs, and the presence of other malignancies. Demographic 

information and clinicopathological characterizations of all CRC patients, including age, sex, 

tumor size, tumor stage, tissue differentiation, lymphovascular invasion (LVI) were collected 

from medical records (Supplementary Table S1). The study was permitted by the Ethical 

Committee of Iran University of Medical Sciences (Ethical Code: IR.IUMS.REC.1399.635). 

 

Isolation of exosomes from plasma: 7 ml whole blood was gathered from individuals in 

EDTA-2K vacutainer tubes. Plasma was separated from blood cells using Ficoll gradient 

centrifugation as previously described [22]. RiboTM Exosome Isolation Reagent (Ribobio, 

China) was applied for plasma exosome separation according to the manufacturer’s guidelines. 

Briefly, centrifugation of plasma samples was completed at 2100 × g for 14 min to remove any 

cells or debris. Then, simplified plasma (3 ml) was transferred to another microtube containing 

1 ml Ribo Exosome Isolation Reagent and incubated overnight at 4°C. Afterward, a 

centrifugation procedure was completed at 15000 × g for 90 seconds. The supernatant 

containing exosomes was transferred to a sterile microtube and resuspended in 100 μl 1X 

phosphate-buffered saline (PBS). 

 

Using DLS for evaluating the quality of exosomes: For nanoparticle analysis, the 

dynamic light scattering (DLS) was used to examine particles in the solution. The isolated 

exosomes were suspended in a volume of 200 microliters. The solution containing exosomes 

was shaken and the size of the exosomal particles was evaluated using DSL.  

 

Exosome characterization by transmission electron microscopy: About 0.7 mg/ml 

exosomes speckled onto a glow-discharged copper grid on the filter paper were dried for 15 

min. Afterward, exosome staining was completed in a 1% aqueous solution of phosphotungstic 

acid for 8 min.  For drying stained exosomes, the construction was exposed for 20 min to an 

infrared lamp. Then, exosomes were evaluated under transmission electron microscopy at 

100 keV.  

 

Western blotting technique: The isolated exosomes were suspended in 

radioimmunoprecipitation assay (RIPA) lysis buffer on ice. The quantification of protein 

concentration was evaluated by a Protein Assay Kit (Parstous, Iran). The specific protein 

markers were visualized using sodium dodecyl sulfate–polyacrylamide gel electrophoresis 

(SDS-PAGE) and then western blotting. The diluted protein with loading buffer incubated at 

100˚C for 7 min. 25 µg protein was placed on and electrophoresed using sodium dodecyl-sulfate 

polyacrylamide gel electrophoresis (SDS-PAGE). Then, the electrophoresed proteins were 

transported to polyvinylidene fluoride (PVDF) membranes, blocked in 4.5 % non-fat milk for 

60 min and incubated overnight at 4˚C with primary mouse anti-CD63, anti-CD9 and β-Actin. 

Primary antibodies anti-CD63 and -CD9 (Abcam, Cambridge, UK ) and anti-β-actin (Abcam, 

Cambridge, UK) were used. 

 

RNA extraction from exosomes and cDNA synthesis: Total RNA was extracted from 

isolated exosomes using TRIzol Solution (Invitrogen , Paisley, UK). Briefly, TRIzol reagent 

was added to the suspended source containing exosomes. After addition of chloroform, 

remained RNA in the aqueous phase was recuperated by precipitation with isopropanol. The 
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RNA was re-dissolved in nuclease-free water. The extracted RNA was stored for future research 

applications in -80°C. Total RNAs were examined using electrophoresis and NanoDrop 2000. 

Overall, cDNA synthesis was completed by using 2 µg of total RNA by the PrimeScripst™ RT 

reagent Kit (Takara, Japan) in line with manufacturer guidelines. The synthesized cDNA was 

stored at -20°C for following use. 

 

Real-time PCR for lncRNA expression analysis: The expression analysis of lncRNAs 

was completed by quantitative real-time PCR using SYBR®Premix Ex Taq™ II kit (Takara, 

Japan) on 7500 Real-Time PCR System (Applied Biosystems, CA, USA). The expression of 

lncRNAs XIST and CCAT1 were normalized against β-Actin as a housekeeping gene. Based on 

the means of ΔCT for tumor and healthy individuals, the relative expression of lncRNAs was 

examined and the fold change was analyzed using the 2−ΔΔCT formula. The amplification cycles 

were completed for 40 times and the PCR conditions were as follows: preliminary denaturation 

at 95˚C for 8 min, followed by 40 cycles of 95˚C for 12 sec, 62˚C for 20 sec and 72˚C for 10 

sec. The specificity of reactions was evaluated by way of melting curve examination. The 

primer sequences were extracted from related literature [3, 22, 32], after blasting and aligning in 

NCBI (https://www.ncbi.nlm.nih.gov/tools/primer-blast/), was used as approved sequences 

(Supplementary Table S2). 

 

Statistical analysis: SPSS software version 16.0 (IBM Corp., Armonk, NY, USA) was 

used for data analysis. The independent samples t-test and Mann-Whitney U test was completed 

for data analysis and differential gene expression. Receiver operating characteristic (ROC) 

curve was applied to examine the diagnostic value of lncRNAs. Data were reported as the 

median or the mean ± SD and p-values <0.05 were served as statistically significant. 

  

 

RESULTS  
 

For confirmation of extracted exosomes from plasma of CRC patients, the size of the 

exosomal particles was evaluated using DSL. The results verified that the isolated exosomes 

were 30 to 150 nm in size (Fig. 1). Moreover, characterization of the plasma-derived exosomes 

was completed by confirming protein markers CD63 and CD9 using Western blotting (Fig. 2). 

 

 
Figure 1: Size detection of exosomes by dynamic light scattering (DLS). DLS was used for 

measurements of exosomes isolated from plasma. 

 

The expression pattern of plasma exosomal lncRNAs was assessed by a quantitative real-

time PCR in 62 CRC patients and 62 healthy individuals. The results showed that the levels of 

plasma exosomal lncRNA CCAT1 was meaningfully increased in CRC patients in comparison 

with those in the healthy people (p=0.001) (Fig. 3). However, the expression level of lncRNA 
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XIST was not significantly change in the plasma-derived exosomes of CRC patients in 

comparison with those of healthy individuals (p=0.083) (Fig. 3). 
 

 
Figure 2: Western blotting analysis of exosomes for CD63 and CD9 proteins. Representative Western 

blotting of DC63 and CD9 markers for exosomes extracted from plasma of CRC patients (P) and healthy 

individuals as controls (C). M indicates as protein ladder marker (100 kDa). 

 

 

 
Figure 3: The relative expression levels of the plasma exosomal lncRNAs in 62 CRC patients and 62 

healthy people. The expression levels of exosomal lncRNAs CCAT1 (A), but not XIST (B), were 

dysregulated in CRC patients as compared to the non-cancer persons. 

 

 

The relationship of exosomal lncRNA CCAT1 expression levels with clinicopathological 

characterizations of CRC was inspected in 62 CRC patients. It was revealed that the expression 

levels of exosomal lncRNA CCAT1 was associated with tissue differentiation and 

lymphovascular invasion (p<0.05). Based on the results, there was no important difference 

between the mean expression levels of LncRNA XIST and LncRNA CCAT1 and tumor 

locations in the rectum and colon of patients (p<0.05). 

The ROC analysis was completed for 62 CRC patients to investigate the diagnostic value of 

exosomal lncRNAs. According to results, it was revealed that the area under the ROC curve 

(AUC) of exosomal lncRNA CCAT1 was 0.86 and sensitivity 79% and specificity 80%, with a 

cut off value 6.5 (Fig. 4). The analytic power indicated clinical importance of exosomal lncRNA 

CCAT1 as potential diagnostic hallmark for patients with CRC. The evaluation of the diagnostic 

value of lncRNA XIST in CRC using the ROC diagram showed that the lncRNA has had a 

sensitivity of 62% and a specificity of 61% with a cut off of 2.4, with an AUC=65%, for 
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distinguishing individuals with CRC from healthy controls. The results showed that lncRNA 

XIST has no a suitable ability to diagnose CRC patients. 

 

 
Figure 4: The ROC curves of the plasma exosomal lncRNAs CCAT1 and XIST in CRC.  A) The 

AUC of exosomal lncRNA CCAT1 in CRC was 86% with optimal sensitivity 79% and optimal 

specificity 80%, and a cut off value 6.5. B) The AUC of exosomal lncRNA XIST in CRC was 65% with 

optimal sensitivity 62% and optimal specificity 61%, and a cut off value 2.4. 

 

 

DISCUSSION 
 

The blood-based hallmarks have extensively established as potential non-invasive 

biomarkers for cancers [33-35]. Various investigations have revealed blood-based exosomal 

lncRNAs as a potential repertoire for identification of minimally-invasive diagnostic biomarkers 

for CRC patients. Emerging evidences demonstrated that the circulating and exosome-derived 

lncRNAs have potentials as diagnostic and prognostic biomarkers for CRC [18-36-37]. Here, 

we evaluated the expression levels of lncRNAs CCAT1 and XIST in plasma-derived exosomes 

of CRC patients and investigated their diagnostic values.  

CCAT1 has been documented to upregulate in various clinical samples, including tissue, 

serum, and plasma, as well CRC cell lines [22, 38]. We showed that the expression of plasma 

exosomal lncRNA CCAT1 in CRC patients meaningfully differ from healthy individuals. ROC 

curve analysis revealed a diagnostic power for lncRNA CCAT1 in CRC (sensitivity 79% and 

specificity 80%, with an AUC=86%). These findings indicated a satisfactory diagnostic value of 

the exosomal lncRNA CCAT1 in CRC patients. It has been shown that CCAT1 is upregulated 

by c-Myc (a cancer-driver gene and a hot spot that has genetic alterations). A high level of c-

Myc expression was detected in all cases of CCAT1 upregulation [39]. In addition, 

overexpression of CCAT1 significantly decreased miR155-5p and let7b-5p [40]. Various 

oncogenic functions and clinical significance of circulating CCAT1 as diagnostic and 

prognostic biomarker also have been confirmed in a number of malignancies [41-43].  

Some studies have established the results we observed in dysregulation of the plasma-

derived lncRNA in CRC patients [22]. According the results of Abedini et al., the plasma 

lnc‐CCAT1 (p=0.024) was found to overexpress in the colorectal cancer patients in comparison 

with the control group. The reported AUC of ROC was 64% (p<0.001), while our ROC curve 

analysis documented a diagnostic power for exosomal lncRNA CCAT1 in CRC with a 

sensitivity of 79% and a specificity of 80% with an optimal cutoff point 6.5, with an AUC=86% 

and p<0.0001. Therefore, most of statistical components, including sensitivity, specificity, and 

p-value, have improved in our study for exosome-derived lncRNA CCAT1. Hence, according to 

the comparison of the study results on exosomes and plasma, it can be concluded that the 

statistical components can be relatively improved in exosomes compared to plasma, which can 

indicate the advantage of the exosome sample compared to plasma in the assessment of 

biomarkers. An investigation on tumor tissues of patients with CRC confirmed upregulation of 
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CCAT1 in premalignant conditions and all stages of the disease, including advanced metastatic 

stage. Based on these data, it was designated that CCAT1 may function in both tumorigenesis 

and the metastatic processes [44].  

The clinical data has confirmed lncRNA CCAT1 as a potential candidate for cell-free 

biopsy assays and an auspicious biomarker for the screening, early detection and management 

of CRC [45]. Also, some investigations showed that patients with higher tumor stages and poor 

differentiated tumors have a high expression level of CCAT1 [46]. Our results of the ROC test 

showed that plasma exosomal lncRNA CCAT1 has a sensitivity of 79%, a specificity of 80%, 

with an AUC of 86%. In line with these results, Abedini et al. confirmed that CCAT1 had a 

significant difference between CRC group and healthy individuals with a suitable accuracy, 

indicating its appropriate discriminatory power for CRC patients [22].  

It has been documented that the overexpression of XIST in cancer cells may increase cancer 

invasion and metastasis [47, 48]. Chen et al. found that the upregulation of XIST was correlated 

with tumor size, grade, metastasis, and TNM stage as well as poor survival of CRC patients 

[48]. Also, Zheng et al showed that the upregulation of XIST was correlated with the clinical 

stages and poor survival of CRC patients [49]. Nevertheless, there is little research on the 

plasma investigation of EVs for evaluating lncRNA XIST expression and clinical potentials. Yu 

et al. showed that the expression of lncRNA XIST in the extracellular vesicles of the serum of 

CRC patients is significantly increased [50].  

In addition to CRC, Lan et al. showed a noteworthy increase in tumor tissue and serum 

exosomal XIST of triple negative breast cancer (TNBC) patients [31]. In agreement with our 

study, they reported no relationship with clinical and pathological parameters such as tumor 

size, differentiation and invasion. Our results showed that the expression of lncRNA XIST did 

not considerably change in exosomes derived from the plasma of patients with CRC. In opposite 

with the present results, Yu confirmed that serum vesicular XIST has a sensitivity of 88.3%, 

specificity of 90.2%, and AUC=86.4%, which indicates its appropriate discrimination power 

[50]. Among the reasons for these variations, we can notice the number of clinical samples 

studied and the type or origin of the samples. Some studies have reported significant 

dysregulation of these non-coding RNAs in tissue- and blood-based samples, while the 

expression pattern of these molecules in exosomes may be obviously different. Also, the levels 

and pattern of their expression may be varied in different cancers, especially in samples with 

different clinical origins. 
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