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Objective: Colon cancer is a leading global cancer-related cause of morbidity and mortality. 
The oxaliplatin, 5-fluorouracil (5-FU), and leucovorin (FOLFOX) regimen is a standard 
chemotherapeutic approach used to treat colon cancer. However, chemoresistant tumor cells 
typically lead to the emergence of recurrent FOLFOX-resistant tumors after initial treatment. 
As such, it is vital that novel approaches to identifying and eliminating such chemoresistant 
tumors be developed in an effort to improve patient chemotherapy outcomes.
Materials and Methods: In total, 100 samples of serum were obtained between April 2014 
and April 2019 from patients who had been pathologically diagnosed with colon cancer from 
the Xiamen Haicang Hospital, and after these patients received FOLFOX chemotherapy 
treatment, serum samples were collected again. The expression of has_circ_0055625 in these 
serum samples was assessed via qPCR. Additionally, 5-FU IC50 values were detected via 
CCK-8 assay.
Results: We found has_circ_0055625 to be significantly upregulated in colon cancer patient 
serum. After FOLFOX treatment, chemotherapy-resistance was associated with the upregu-
lation of has_circ_0055625.
Conclusion: In summary, these data may provide a foundation for future studies of 
chemotherapeutic resistance in patients undergoing FOLFOX treatment, potentially guiding 
treatment adjustment strategies. However, further work will be necessary to expand upon 
these findings.
Keywords: has_circ_0055625, colon cancer, chemotherapy resistance, FOLFOX 
chemotherapy

Introduction
Colon cancer remains one of the most prevalent and deadliest forms of cancer in the 
world.1,2 The oxaliplatin, 5-fluorouracil (5-FU), and leucovorin (FOLFOX) regimen 
is a standard chemotherapeutic regimen used to treat this cancer type.3–5 However, 
many patients exhibit tumor recurrence following FOLFOX treatment owing to the 
presence of chemoresistant tumor cells. It is thus essential that novel approaches to 
identifying and treating drug-resistant cancers be developed in order to improve 
patient outcomes.

Circular RNAs (circRNAs) are non-coding RNAs that form following the 
splicing of the 5ʹ and 3ʹ ends of upstream and downstream exons in an RNA 
molecule.6 While originally thought to be produced primarily as a consequence of 
inappropriate RNA splicing or gene rearrangement, there is now evidence that these 
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circRNAs are closely linked to the pathology of human 
cancers.6–9 From a functional perspective, circRNAs can 
sequester microRNAs (miRNAs) in a sequence-specific 
manner, thereby disrupting their ability to suppress the 
expression of target mRNAs.10 A number of different 
circRNAs have recently been linked to colon cancer fol-
lowing identification through RNA sequencing or 
circRNA array assays.11–15 More work, however, is 
needed to understand the role of these circRNAs in the 
context of colon cancer chemoresistance.

Prior research suggests that has_circ_0055625 can drive 
colon cancer cell growth.14 As such, we chose to study the 
expression of this circRNA in colon cancer patients under-
going FOLFOX treatment, and we explored the relationship 
between the expression of has_circ_0055625, survival, and 
chemotherapy resistance in these patients.

Materials and Methods
Patient Sample Collection
One hundred samples of serum were obtained between 
April 2014 and April 2019 from patients that had been 
pathologically diagnosed with colon cancer from the 
Xiamen Haicang Hospital, and after these patients 
received FOLFOX chemotherapy treatment, serum sam-
ples were collected again. The Xiamen Haicang Hospital 
ethics committee approved the present study 
(No.20190321), and all patients provided written informed 
consent to participate. The research was performed in 
accordance with the Declaration of Helsinki principles.

qPCR
The expression of has_circ_0055625 in patient samples 
and cells was assessed via qPCR. Briefly, cDNA was 
generated by reverse transcribing 100 ng of RNA per 
sample with a ReverTra Ace qPCR RT Kit (Toyobo Inc, 
Japan). All qPCR reactions were then conducted using 
a 7500 Real-Time PCR System (Applied Biosystems, 
CA, USA). The expression of target genes was calculated 
using the 2–ΔΔCt method: ΔΔCt =Cthas_circ_0055625 – CtU6. 
U6 small nuclear RNA was utilized as a normalization 
control. The has_circ_0055625 primers used for this 
study were as follows: forward: 5ʹ- CCTCCT 
AGCCCTGTGGGCAG-3ʹ, and reverse: 5ʹ- CCCCTGCA 
GGTCTGACGAGTG-3ʹ. The U6 snRNA primers used in 
this study were as follows: forward: 5ʹ- 
CTCGCTTCGGCAGCACA-3ʹ, and reverse: 5ʹ- 
AACGCTTCACGAATTTGCGT-3ʹ.

Cell Culture and IC50 Analyses
The SW480 and HT-29 human colon cancer cell lines 
and 5-FU-resistant versions thereof (SW480/5-FU and 
HT-29/5-FU), which were obtained by culturing these 
cells in the presence of 5-FU, were cultured in DMEM 
containing 10% FBS in a 5% CO2 incubator at 37°C. 
The 5-FU IC50 values for these cells were determined 
with a CCK-8 kit (Vazyme Biotech, Nanjing, China).

Figure 1 The relative expression of has_circ_0055625 in colon cancer patients 
prior to chemotherapy. Colon cancer patients that had not undergone FOLFOX 
treatment exhibited significantly higher has_circ_0055625 expression relative to 
healthy controls.

Table 1 Has_circ_0055625 Expression Levels in Colon Cancer 
Patients

Item n (%) Relative 
has_circ_0055625 
Expression

p

Gender 0.53

Male 48 5.65±1.23

Female 52 5.72±1.97

Age (years) 0.35

<55 39 5.06±2.03
≥55 61 5.14±2.23

Tumor size (cm) 0.001
<3 29 2.15±1.06

≥3 71 5.21±2.23

Metastasis 0.002

No 35 2.45±1.23

Yes 65 5.51±2.43

TNM stages 0.005

I–II 33 3.25±1.22
III–IV 67 5.95±1.23
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Statistical Analysis
SPSS 26.0 was used for all statistical testing. Data 
were analyzed via chi-squared tests to compare values 
between patients before and after treatment. Median 
patient survival was calculated via the Kaplan–Meier 

method and compared via the Log rank test. Predictors 
of patient survival were identified using a Cox propor-
tional hazards model. All statistical tests were two- 
sided, and P < 0.05 was the significance threshold for 
this study.

Figure 2 The relationship between colon cancer patient survival and has_circ_0055625 expression. (A) The survival of colon cancer patients expressing high levels of 
has_circ_0055625 was significantly reduced relative to that of patients expressing low levels of this circRNA. (B) The expression of has_circ_0055625 in colon cancer 
patients was significantly elevated following FOLFOX treatment. (C) Has_circ_0055625 expression in before treatment and after treatment. (D). Chemotherapy-sensitive 
colon cancer patients survived for significantly longer than did chemotherapy-resistant patients. (E) Levels of has_circ_0055625 expression were found to be a potentially 
reliable biomarker of colon cancer patient resistance to FOLFOX chemotherapy.
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Results
The Expression of has_circ_0055625 in 
Colon Cancer Patients Prior to 
Chemotherapy
We found that has_circ_0055625 was expressed at signifi-
cantly higher levels in samples from colon cancer patients 
who had not undergone chemotherapeutic treatment rela-
tive to samples from healthy controls (Figure 1). There 
was no apparent relationship between has_circ_0055625 
expression and colon cancer patient gender or age, 
whereas the expression of this circRNA was associated 
with metastasis, tumor size, and TNM stage (Table 1).

The Relationship Between Colon Cancer 
Patient Survival and has_circ_0055625 
Expression
We next separated 100 colon cancer patients into two 
groups (has_circ_0055625-low and -high) based upon med-
ian serum has_circ_0055625 expression in these patients. 
Subsequent Kaplan–Meier analyses revealed that patients 
expressing high levels of has_circ_0055625 survived for 
significantly less time on average relative to patients 
expressing low levels of this circRNA (Figure 2A). We 
then assessed has_circ_0055625 expression in colon cancer 
patients following chemotherapeutic treatment, revealing it 
to have been significantly upregulated following such treat-
ment (Figure 2B). As per the Response Evaluation Criteria 
in Solid Tumors (RECIST) criteria, we separated FOLFOX- 
treated patients into chemotherapy-sensitive (CR+PR, 
n=45) and chemotherapy-resistant (SD+PD, n=55) groups. 
However, has_circ_0055625 expression levels did not vary 
as a function of chemotherapeutic sensitivity, while these 
levels did increase in chemotherapy-resistant patients fol-
lowing FOLFOX treatment (Figure 2C). We additionally 
found that chemotherapy-sensitive patients survived for 
significantly longer than chemotherapy-resistant patients 

(Figure 2D). Importantly, we identified has_circ_0055625 
expression as a potentially significant biomarker of che-
motherapy resistance in colon cancer patients to FOLFOX 
treatment (Figure 2E).

Cox Proportional Hazard Analysis
The results of a Cox proportional hazard analysis revealed 
that relative has_circ_0055625 expression, tumor size, 
metastasis, and the clinical stage IV were all factors asso-
ciated with colon cancer patient survival (Table 2), 
whereas survival was unrelated to patient age, gender, 
tumor differentiation, or pathological type.

has_circ_0055625 Knockdown Reduces 
Colon Cancer 5-FU Resistance
Next, we evaluated the expression of has_circ_0055625 in 
5-FU-resistant colon cancer (SW480/5-FU and HT-29/5-FU) 
cells, revealing a significant increase in the expression of this 
circRNA in these resistant cell lines relative to non-resistant 
SW480 and HT-29 cells (Figure 3A). We then transfected 
SW480/5-FU and HT-29/5-FU cells with a specific siRNA 
construct to successfully knock down has_circ_0055625 
(Figure 3B). We found that has_circ_0055625 knockdown 
markedly reduced the 5-FU IC50 value in SW480/5-FU/si- 
has_circ_0055625 and HT-29/5-FU/si-has_circ_0055625 
cells relative to SW480/5-FU/si-NC and HT-29/5-FU/si-NC 
controls, indicating that knocking down this circRNA was 
sufficient to alleviate colon cancer cell decrease colon cancer 
cell 5-FU resistance (Figure 3C).

Discussion
Chemotherapy remains one of the most important 
approaches to treating patients with advanced-stage colon 
cancer,16 yet the emergence of chemoresistance ultimately 
limits the efficacy of this therapeutic strategy.17 

Dysregulated circRNA expression within cancer cells can 
alter the ability of these non-coding RNAs to regulate 

Table 2 Multiple Logistic Regression Analysis of Factors Associated with Colon Cancer Patient Survival

Item B S.E. Wals Sig. Exp (B) 95% CI of Exp(B)

Age 0.462 0.264 2.012 0.203 1.542 0.812 3.214
Gender 0.215 0.195 1.846 0.321 1.063 0.621 2.014

High has_circ_0055625 3.02 0.63 21.85 0.000 16.32 5.06 41.02

Stage III–IV −1.43 0.532 6.264 0.008 0.214 0.08 0.621
Metastasis −1.624 0.486 8.862 0.004 0.322 0.21 1.023

Tumor size (cm) −1.365 0.456 6.023 0.007 0.221 0.365 0.654

Constant −0.236 1.210 0.04 0.764 0.672 – –
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miRNA activity and protein expression.18–20 When these 
circRNAs influence miRNAs and proteins responsible for 
controlling drug metabolism, absorption, or receptor 
expression, they may markedly alter the efficacy of che-
motherapeutic treatments if dysregulated. For example, 
circRNA_101237 is a prognostic biomarker associated 
with resistance to cisplatin in hepatocellular carcinoma.21 

In addition, circFBXO11 regulates the progression and 
oxaliplatin resistance of hepatocellular carcinoma by 

modulating the miR-605/FOXO3/ABCB1 axis,22 whereas 
hsa_circ_0079662 induces human colon cancer cell resis-
tance to oxaliplatin via affecting the TNF-α pathway.23 

Sequencing studies have also found that mRNA, circRNA, 
and lncRNA expression profiles in extracellular vesicles 
derived from human serum samples offer promise as diag-
nostic cancer biomarkers.24 Measuring serum circRNA 
levels may thus represent a therapeutically viable approach 
to predicting patient treatment and survival outcomes.

Figure 3 Knocking down has_circ_0055625 decreases colon cancer cell line resistance to 5-FU. (A). The expression of has_circ_0055625was analyzed in SW480/5-FU or 
HT-29/5-FU cells. (B). The expression of has_circ_0055625 was analyzed in SW480/5-FU/si-has_circ_0055625 and HT-29/5-FU/si-has_circ_0055625 cells. (C). 5-FU IC50 
values were determined via CCK-8 assay.
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Prior research has demonstrated that has_circ_0055625 
is dysregulated in colon cancer [14]. Our present results 
further confirmed that this circRNA was upregulated in the 
serum of colon cancer patients, and this upregulation was 
correlated with patient clinical staging and overall prognosis. 
Specifically, patients expressing high levels of high has_-
circ_0055625 survived for significantly less time than did 
patients expressing low levels of this circRNA. While there 
were no significant differences in the expression of has_-
circ_0055625 when comparing patients who were sensitive 
and resistant to FOLFOX treatment, we did find that such 
treatment was associated with a significant increase in serum 
has_circ_0055625 levels relative to pretreatment expression 
thereof. Chemotherapy-sensitive colon cancer patients also 
survived for significantly longer than did chemotherapy- 
resistant patients, and has_circ_0055625 expression level 
was identified as a potentially significant biomarker of 
FOLFOX resistance in these colon cancer patients. We 
further determined that knocking down has_circ_0055625 
was sufficient to alleviate colon cancer cell line resistance to 
5-FU. As such, we believe that further in-depth analyses of 
the therapeutic and diagnostic relevance of this and other 
serum circRNAs may help to guide appropriate colon cancer 
patient treatment.

In summary, we found that has_circ_0055625 was 
upregulated in colon cancer patient serum, and that 
FOLFOX chemotherapeutic treatment further upregulated 
this circRNA in chemotherapy-resistant patients. Relative 
to chemotherapy-resistant patients, has_circ_0055625 was 
more significantly downregulated in chemotherapy- 
sensitive patients, suggesting that this circRNA represents 
a promising research target for the study of mechanisms of 
FOLFOX resistance. However, further research will be 
required to validate and expand upon our findings.
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