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Abstract 

 

Colorectal cancer (CRC) is a malignant neoplasm that develops in the large intestine, specifically in 

the colon and rectum. The ribosomal protein gene uS17 (RPS11) has been found to be overexpressed 

in CRC tissues, while its presence in normal colorectal mucosa is minimal. However, its expression 

pattern across different types of CRC remains poorly understood and its prognostic potentials is 

underexplored. In this study, we investigated the expression levels of uS17 in two CRC cell lines, 

HT29 and HCT116, to assess potential differences in expression between these cell types. HT29 was 

derived from a late-stage primary colorectal adenocarcinoma, whereas HCT116 originated from an 

advanced-stage metastatic colorectal carcinoma. A semi-quantitative Reverse Transcription 

Polymerase Chain Reaction (RT-PCR) assay, along with a two-tailed unpaired t-test for inferential 

statistical analysis, were used in our evaluation. Although a higher uS17 expression level was 

observed in the HT29 cell line compared to HCT116, the difference was not statistically significant, 

suggesting minimal variation in uS17 expression between two different CRC cell lines of different 

origins, cellular differentiation, and stages of malignancy. While further studies incorporating 

additional cell lines and in situ tissue analyses are warranted, our findings offer novel insights into the 

expression profile of uS17 in specific CRC cell models. 
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1. INTRODUCTION 
 

Colorectal cancer (CRC) develops from a combination of genetic, epigenetic, and environmental 

factors. Approximately 85% of CRC cases arise through the chromosomal instability (CIN) pathway, 

characterized by chromosomal aberrations that cause aneuploidy (Markowitz & Bertagnolli, 2009). 

Key events in this pathway include APC (adenomatous polyposis coli gene) mutations, occurring in a 

majority of cases (Olkinuora et al., 2021). The microsatellite instability (MSI) pathway, responsible 

for some CRCs, is driven by mutations in DNA mismatch repair (MMR) genes (MLH1, MSH2, MSH6, 

PMS2) (Olkinuora et al., 2021). These MSI-related cancers tend to have better prognoses and respond 

more effectively to immune checkpoint inhibitors (Yamamoto et al., 2020). Another pathway, the CpG 

island methylator phenotype (CIMP), involves promoter hypermethylation that silences tumour 

suppressor genes, frequently overlapping with MSI (Advani et al., 2021). CIMP-positive tumours, 

however, are often linked to poorer survival outcomes (Wang et al., 2022) Additionally, mutations in 

TP53 (found in over 40% of CRC cases) (Liebl & Hofmann, 2021) and BRAF V600E (present in 
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about 10%) (Molina-Cerrillo et al., 2020) define CRC subtypes associated with more aggressive 

behaviour and chemotherapy resistance (Michel et al., 2021; Grothey et al., 2021).  

Ribosomal proteins (RPs) play dual roles in cancer, contributing to both oncogenesis and 

tumour suppression. They influence cellular processes like proliferation, apoptosis, and DNA damage 

response. Overexpression of certain RPs, including RPS3 and RPS6, has been observed in CRC (Mao-

De & Jing, 2007). RPS3 promotes cell proliferation and tumour growth (Alam et al., 2020), while 

RPS6 is involved in CRC progression through the mTOR pathway (Yi et al., 2021). Moreover, 

RPS27A, which encodes a ubiquitin fusion protein, correlates with poor prognosis by promoting 

invasion and metastasis via the Wnt/β-catenin signalling pathway and epithelial-mesenchymal 

transition (Wang et al., 2021). Finally, oncogenic mutations in RP like RPS20 is found to be 

associated with CRC (Nieminen et al., 2014; Djursby et al., 2020; Tian et al., 2022). As for uS17 

(RPS11), while its overexpression in CRC tissues has been noted (El Khoury & Nasr, 2021), its 

precise role as a prognostic marker in CRC remains to be investigated. The eukaryotic ribosomal 

protein gene uS17 encodes ribosomal protein S11, a crucial component of the 40S small subunit of the 

eukaryotic ribosome. Studies have demonstrated its significant upregulation in human colorectal 

cancer (CRC) tissues compared to normal tissues (Kasai et al., 2003; Mao-De & Jing, 2007; El 

Khoury & Nasr, 2021). Its elevated expression is associated with poor prognosis of glioblastoma and 

hepatocellular carcinoma patients (Yong et al., 2015; Zhou et al., 2020). However, the variation in its 

expression across different CRC tissues or cell types remains largely unexplored. Hence, its prognostic 

implications in CRC have yet to be systematically studied, which is why this study aimed to 

investigate its expression level in two different CRC cell lines (HT29 and HCT116) derived from 

tissues of varying malignancy.  

When comparing CRC cell lines, HT-29 and HCT116 differ significantly in origin, genetic 

profile, and research utility. HT-29, derived from a female patient with colorectal adenocarcinoma, 

harbours mutations in APC and p53, affecting the Wnt signalling pathway (Mouradov et al., 2014). 

This cell line can differentiate into enterocyte-like cells under specific conditions, making it a useful 

model for studying intestinal differentiation and epithelial function (Le Bivic et al., 1988). Conversely, 

HCT116, isolated from a male patient with colorectal carcinoma, possesses wildtype KRAS and p53, 

resulting in more aggressive growth and higher tumorigenic potential (Van Erk et al., 2005; Ahmed et 

al., 2018). This cell line is often used to study KRAS-driven pathways, tumour progression, apoptosis, 

and drug resistance (Meng et al., 2021). In animal models, HT-29 forms less aggressive tumours, 

while HCT116 is more tumorigenic (Mittal et al., 2015). Notably, prior to this study, the expression 

patterns of uS17 in these two different CRC cell lines had not been thoroughly investigated. We 

hypothesised that the expression level of uS17 would differ significantly between HT29 and HCT116 

cells, with a higher level expected in HCT116, given its more advanced stage of malignancy compared 

to HT29. Although only two CRC cell lines were analysed, this study serves as a preliminary 

exploratory investigation into the potential prognostic implications of uS17 in CRC. 

 

2. MATERIALS AND METHODS 
 

The two human CRC cell lines, HT-29 and HCT116, were obtained from the American Type 

Culture Collection (ATCC, USA). They were cultured in Dulbecco's Modified Eagle Medium 

(DMEM) supplemented with 10% fetal bovine serum at 37°C, 95% humidity, and 5% CO2 until 

further use. Total RNA extraction from both cell lines was performed using the GENEzol technique, 

following the manufacturer’s protocol. Before adding the GENEzol reagent, the monolayer cell 

cultures in T25 flasks were washed with cold phosphate-buffered saline (PBS). The cells were then 

scraped and manually homogenised. The homogenates were transferred into microcentrifuge tubes and 

incubated at room temperature for 5 minutes. Chloroform (1/5 volume of GENEzol) was added, and 

the mixture was incubated at room temperature for another 5 minutes. The aqueous and organic phases 

were separated by centrifugation at 12,000 rpm for 12 minutes at 4°C. RNA from the aqueous phase 

was precipitated using isopropanol, and the resulting RNA pellet was dissolved in 25 μL of nuclease-

free water, then stored at -80°C until needed. The RNA quantity and quality were assessed using 

agarose gel electrophoresis (AGE) and UV spectrometry. 
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Reverse transcription of the extracted RNA was carried out using Moloney Murine Leukaemia 

Virus - Reverse Transcriptase (MMLV-RT). A mixture of RNA and random primers in 15 μL of 

nuclease-free water was heated to 70°C for 5 minutes, then rapidly cooled on ice for 1 minute. To this 

mixture, 1.25 μL of 10 mM dNTPs, 5 μL of 5X MMLV reaction buffer, 0.6 μL of Recombinant 

RNAsin® Ribonuclease Inhibitor, 1 μL of MMLV-RT, and nuclease-free water were added to make a 

final volume of 25 μL. The final mixture was incubated at 37°C for 1 hour, followed by 15 minutes at 

70°C to complete the reaction. 

The Polymerase Chain Reaction (PCR) was conducted according to the manufacturer’s 

instructions (Promega, USA). Each 25 μL reaction contained 0.5 μg template cDNA, 1X Green 

GoTaq® Flexi Buffer, 0.2 mM dNTPs, 1 mM MgCl2, 0.4 mM of each forward and reverse primer, and 

1.25 U of GoTaq® Polymerase. The thermal cycling conditions were as follows: initial denaturation at 

95°C for 2 minutes; 35 cycles of 95°C for 30 seconds, 51.3°C for 30 seconds, and 72°C for 1 minute; 

followed by a final extension at 72°C for 5 minutes. A negative control (without template DNA from 

either cell line) was included. Glyceraldehyde-3-phosphate dehydrogenase gene (GAPDH) served as 

the internal control. Technical replicates were performed for each cell line. The primer sequences for 

uS17 were: forward 5’-AGAGGACCATTGTCATCCGC-3’, reverse 5’-CGA 

TCTGGACGTCCCTGAAG-3’; and for GAPDH: forward 5’-GTCAGTGGTGGACCTGACCT-3’, 

reverse 5’-CCCTGTTGCTGTAGCCAAAT-3’. The expected amplicon sizes for uS17 and GAPDH 

were 120 bp and 251 bp, respectively. The PCR products were assessed via agarose gel 

electrophoresis (AGE), and band intensities were documented and quantified using the ImageQuant 

Imager (GE Healthcare Life Sciences, USA) and TotalLab Quant software (TotalLab, USA). The 

amplicons were also verified by sequence analysis. 

For data analysis, band intensity values were normalised by comparing the expression of uS17 to 

the internal control, GAPDH. The calculation of normalised values was based on the formula below.  

 

The differential expression of uS17 between the two cell lines was evaluated using a two-tailed 

unpaired Student’s t-test, with significance defined as p-value < 0.05. Due to the use of technical 

replicates and the unavailability of biological replicates during the course of the study, the results of 

our statistical analysis should be interpreted as indicative of assay precision rather than biological 

significance. 

 

3. RESULTS AND DISCUSSION 
 

Total RNA extracted from HT-29 and HCT116 cells demonstrated good purity and integrity, as 

indicated by UV absorbance (A260/A280) ratios of 1.971 and 2.028, respectively. Expression of uS17 

was detected in both HT-29 and HCT116 cell lines (Figure 1, Table 1). The RT-PCR assays produced 

bands that matched the expected product sizes (Figure 1A). Sequence analysis confirmed the 

authenticity of the amplicons, identifying them as bona fide PCR-amplified products of the uS17 gene. 

Comparison of the forward and reverse sequences with the reference data for uS17 in GenBank 

(Accession no. NM_001015.5) showed 98% and 100% sequence similarity, respectively (Figure 2). 

Our results demonstrated that uS17 expression was generally higher in HT-29 compared to HCT116 

(Figure 1B, Table 1). A comparison of the mean normalized band intensity values for the uS17 gene 

amplicons between HT-29 and HCT116 revealed a 1.224-fold difference (Figure 1B, Table 1). 

However, this difference was not statistically significant (p-value = 0.558) based on t-test analysis 

(Table 1). 
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Figure 1. RT-PCR results of uS17 expression in colorectal cancer cell lines: (A) Representative AGE 

diagrams of amplicon bands in HT-29 and HCT116 cells where Lane 1 is the DNA ladder, Lane 2 is 

the PCR products of uS17, Lane 3 is the negative control, and Lane 4 is the PCR products of GAPDH; 

and (B) bar graph of the mean normalized band intensity values with the associated standard deviation 

error bars.  

 
 

Table 1. Band intensity values of uS17 amplicons in colorectal cancer cell lines and the t-test result 

 

Cell lines Replicate 

Band intensity values 
Standard 

deviation 

t-test            

(p value) uS17 GAPDH 
Normalized 

(uS17) 

Mean 

normalized 

HT-29 
1 28865.907 42848.735 28415.131 22583.018 8247.853 

0.558 2 16485.170 41510.467 16750.905 

HCT116 
1 20590.066 24268.409 19510.477 18455.969 1491.299 

2 16438.572 21723.501 17401.461 

 

Forward

Reverse

 
 

Figure 2. DNA sequence comparison between uS17 amplicon (forward and reverse sequence) with 

reference uS17 gene entry data (Accession no. NM_001015.5) from the GenBank database. 
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Our findings on the expression of the uS17 transcript in colorectal cancer (CRC) cell lines align 

with previous studies (Kasai et al., 2003; Mao-De & Jing, 2007; El Khoury & Nasr, 2021), which have 

associated this gene with CRC. In contrast to earlier research that focused on tissue samples, we 

utilized cell lines and observed no significant difference in uS17 expression between the two CRC cell 

lines studied, HT-29 and HCT116. In our earlier work on two other ribosomal protein genes, eL14 and 

uS19, we identified significant differential expression between HCT116 and another CRC cell line, 

SW480 (Sim et al., 2020). Both HT-29 and SW480 are non-metastatic, but they differ in disease 

stage—HT-29 corresponds to Duke’s stage C (Ahmed et al., 2013), while SW480 is Duke’s stage B 

(Leibovitz et al., 1976). Thus, while eL14 and uS19 exhibit differential expression between CRC cell 

lines of varying types (grades) and stages (Sim et al., 2020), uS17 does not show a significant change 

in expression between the two different CRC cell lines studied. However, it is important to note that 

our results should be interpreted with caution. In the absence of biological replicates, the statistical 

comparisons presented are limited to assessing assay precision and cannot be extrapolated for 

biological generalisation. Further investigations are therefore necessary, including the incorporation of 

biological replicates, a broader panel of CRC cell lines (alongside a normal control), and colorectal 

cancer tissues representing different grades, stages, and anatomical sites. Such future efforts will be 

essential to accurately determine the diagnostic and prognostic significance of uS17 in CRC 

oncogenesis. 

 

4. CONCLUSION 
 

The expression of the ribosomal protein gene uS17 did not differ significantly between the two 

CRC-derived cell lines, HT-29 and HCT116.  Given that our analysis was limited to two colorectal 

cancer cell lines and relied solely on technical replicates, no definitive conclusions can be drawn 

regarding the diagnostic or prognostic value of uS17 in CRC tumorigenesis.  
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