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Abstract. Several chemotherapeutic options are available 
for patients with metastatic colorectal cancer  (mCRC), 
making it important to individualize treatment regimens. 
Individualization requires the clinical application of biomarkers 
for regimen selection, which is presently insufficient. miRNAs 
serve an important role in the control of biological processes 
in several types of cancer, acting as plasma biomarkers. The 
current study aimed to evaluate novel plasma microRNAs 
for predicting chemo‑resistance in chemotherapy for patients 
with colorectal cancer (CRC) by employing a Toray 3D‑Gene 
microRNA array‑based approach, which compared plasma 
content before and during treatment. Specific miRNAs that 
acted as biomarkers of the fluoropyrimidine (FP) + oxali‑
platin (OX) + bevacizumab (BEV) regime, a common first‑line 
treatment for mCRC, were searched. The plasma samples of 
110 patients with mCRC who had received the FP+OX+BEV 
regimen were subjected to microarray analyses using the 
3D‑Gene miRNA microarray platform, after which miRNAs 
levels were quantified via reverse transcription‑ quantitative 

PCR. Patients exhibiting complete response, partial response 
(PR) and reduced stable disease (SD) were defined as responders. 
Patients with extended SD and progression disease (PD) were 
defined as non‑responders. Following microarray analysis, 
miR‑33a‑5p was selected as the candidate miRNA as it was 
upregulated in non‑responder plasma samples. The expression 
of miR‑33a‑5p was upregulated in the non‑responders (n=15) 
compared with the responders (n=95) (P=0.032). The high 
expression group demonstrated significantly poor progres‑
sion‑free survival (P<0.01). To evaluate whether miR‑33a‑5p 
can serve as a marker of chemo‑resistance, miR‑33a‑5p expres‑
sion levels were assessed at the following three time‑points: 
Pre‑point (before chemotherapy); PR‑point (3‑months after 
chemotherapy began); and PD‑point (the time at which recur‑
rence or progression was recorded). The results revealed that 
expression levels were significantly increased at the PD‑point 
when compared with that at the pre‑point (P=0.024). The 
current study determined that the miR‑33a‑5p expression level 
in the plasma may serve as a predictive marker of efficacy and 
as a biomarker of chemo‑resistance.

Introduction

Colorectal cancer (CRC) is the fourth‑most common cause 
of cancer deaths across the world and the second‑most 
common cause of cancer deaths in Japan (1). The median 
overall survival  (OS) of metastatic CRC (mCRC) in the 
past 20 years has remarkably improved from 6‑12 months 
to >30 months (2) as a result of the development of multi‑
disciplinary therapies  (3,4). In earlier‑line chemotherapy, 
cytotoxic agents such as f luoropyrimidine (FP), oxali‑
platin  (OX), irinotecan, anti‑angiogenesis inhibitors, and 
anti‑epidermal growth factor (EGFR) antibodies are used (5). 
Presently, RAS mutations and tumor locations are employed 
as predictive markers for the effect of anti‑EGFR antibody 
drugs, and BRAF mutations are clinically applied as a 
poor prognosis marker, as recommended by the European 
Society for Medical Oncology  (ESMO) guidelines  (6). It 
is therefore important to select a suitable regimen for each 
patient; however, the clinical application of biomarkers for 
regimen selection is presently insufficient. Therefore, it is 
believed that the identification of predictive biomarkers can 

The effectiveness of plasma miR‑33a‑5p as a predictive 
biomarker for the efficacy of colorectal cancer chemotherapy

MEGUMI SASAKI1,  TOSHIAKI ISHIKAWA2,  MEGUMI ISHIGURO3,  SATOSHI OKAZAKI2,  
SHINICHI YAMAUCHI1,  AKIFUMI KIKUCHI1,  TAKATOSHI MATSUYAMA1,  KENRO KAWADA1,  

MASANORI TOKUNAGA1,  HIROYUKI UETAKE2  and  YUSUKE KINUGASA1

Departments of 1Gastrointestinal Surgery, 2Specialized Surgeries and 3Translational Oncology,  
Graduate School, Tokyo Medical and Dental University, Bunkyo‑ku, Tokyo 113‑8519, Japan

Received November 27, 2020;  Accepted March 9, 2021

DOI: 10.3892/ol.2021.12749

Correspondence to: Dr Toshiaki Ishikawa, Department of 
Specialized Surgeries, Graduate School, Tokyo Medical and Dental 
University, 1‑5‑45 Yushima, Bunkyo‑ku, Tokyo 113‑8519, Japan
E‑mail: ishi.srg2@tmd.ac.jp

Abbreviations: CRC, colorectal cancer; mCRC, metastatic 
colorectal cancer; FP, fluoropyrimidine; OX, oxaliplatin; ESMO, 
European Society for Medical Oncology; miRNA, microRNA; 
BEV, bevacizumab; RT‑qPCR, reverse transcription‑quantitative 
PCR; PR, partial response; SD, stable disease; PD, progression 
disease; RQ, relative quantities; PFS, progression free survival; 
OS, overall survival; HCC, hepatocellular carcinoma; ROC, receiver 
operating characteristic; CI, confidence interval; HR, hazard ratio; 
5‑FU,  5‑fluorouracil; PPARα, peroxisome proliferator‑activated 
receptor  α; UVRAG, UV radiation resistance‑associated gene; 
HES1, hairy and enhancer of split 1.

Key words: colorectal cancer, biomarker, chemo‑resistance, 
microRNA, microRNA‑33a‑5p

https://www.spandidos-publications.com/10.3892/ol.2021.12749
https://www.spandidos-publications.com/10.3892/ol.2021.12749
https://www.spandidos-publications.com/10.3892/ol.2021.12749


SASAKI et al:  PLASMA miR-33a-5p AS A PREDICTIVE BIOMARKER FOR FP+OX+BEV2

guide treatment decisions for the better management of CRC 
patients (2). The discovery of biomarkers for the prediction 
of treatment responses as well as resistance to such therapies 
can help in the selection of the most favorable, first‑line 
chemotherapy regimen for mCRC. Biomarkers that can 
determine the degree of chemo‑resistance are also consid‑
ered useful for designing appropriate treatment strategies, 
including modifications in the regimen. The identification of 
such biomarkers would facilitate the elucidation of the mech‑
anism of acquired resistance and in developing methods to 
overcome it. Clarification of the mechanism of the acquired 
resistance would provide a background for developing drugs 
that can overcome resistance.

According to recent evidences, miRNAs, which are small 
nucleotide sequences of noncoding RNA, play an important 
role in the control of biological processes, such as cellular 
development, differentiation, proliferation, apoptosis, and 
metabolism (7). It is already known that miRNA secreted or 
deviated from the cancer cells exist in the blood in a stable 
condition. Recent studies have demonstrated that miRNA 
is associated with the pathogenesis of numerous diseases, 
including cancer. MiRNA can act as transacting factors by 
suppressing translation or inducing messenger RNA (mRNA) 
degradation of the target genes (8). MiRNAs suppress impor‑
tant cancer‑related genes and are differentially regulated 
in different human cancer types, which suggest their role 
as tumor suppressors or oncogenes (9). Aberrant expression 
of miRNAs has been reported in cancers of various tissues, 
such as the lung, breast, liver, colon, rectum, and prostate (10). 
Moreover, recent studies have suggested that the aberrant 
miRNA expression can play an important role in the chemo‑
therapy response (11). Some past studies have reported that 
some miRNAs are involved in CRC chemo‑resistance (12‑15). 
Furthermore, another study has reported that miR‑375 medi‑
ates the acquired chemo‑resistance in cervical cancer (16).

The specifically altered miRNA expression patterns in the 
plasma may serve as diagnostic or prognostic markers (10). 
Because liquid biopsy is convenient to perform and mini‑
mally invasive in nature, plasma miRNAs can be measured 
repeatedly and monitored during chemotherapy over a period 
of time. The miRNAs level in the plasma may be related to 
the efficacy of chemotherapy and chemo‑resistance. It has 
also been reported that the miRNA level in the plasma can 
act as a predictive biomarker of adjuvant chemotherapy 
for gastric cancer. In the past, miR‑1229‑3p was detected 
in the plasma of gastric cancer patients by using the Toray 
3D‑Gene microRNA array, and the clinical usefulness and 
the mechanism of chemo‑resistance were studied in gastric 
cancer patients (17). The combination chemotherapy with 
FP, OX, and bevacizumab (BEV) is one of the most common 
regimens used in the first‑line of chemotherapy for mCRC 
patients.

In this study, we identified miR‑33a‑5p as the predic‑
tive biomarker for FP+OX+BEV therapy by using the Toray 
3D‑Gene microRNA array. The clinical usefulness of 
miR‑33a‑5p and the association between miR‑33a‑5p and 
chemo‑resistance were analyzed by quantitative reverse 
transcriptase‑polymerase chain reaction (RT‑qPCR) using 
the plasma samples of mCRC patients who received the 
FP+OX+BEV therapy.

Materials and methods

Patients and samples. The plasma samples examined in 
this study were obtained from a total of 110 mCRC patients 
who received the FP+OX+BEV regimen as the first‑line 
of chemotherapy in Tokyo Medical and Dental University 
Hospital between June 2011 and August 2018. All patients 
received CT examination every 3 months after chemotherapy, 
and the chemo‑efficacy was evaluated with reference to 
the Response Evaluation Criteria in Solid Tumors (18). The 
complete response, partial response (PR), and reduced stable 
disease (SD) were defined as responders, and the extended SD 
and progression disease (PD) were defined as non‑responders 
in this study.

Microarray analysis. The microarray analyses of the 
plasma samples were performed using the 3D‑Gene miRNA 
Microarray Platform (Toray Industries)  (19). We collected 
300 µl of the pretreatment plasma samples from the mCRC 
patients. RNA extraction and microarray analysis were 
performed as per the manufacturer's instructions  (20). In 
brief, the amount of total RNAs in the plasma was very little; 
therefore, 2‑4 µl of the extracted total RNAs from 300 µl 
of the plasma samples were used in the microarray experi‑
ments. The extracted RNAs were labeled using the 3D‑Gene 
miRNA Labeling Kit (Toray) and hybridized at 32˚C for 16 h 
on the 3D‑Gene Chip. The 3D‑Gene miRNA Microarray 
(Human_miRNA_17v1.0.0; Toray Industries) can mount 
41500 miRNAs based on the Human miRNA Version17 of 
MirBase (http://microrna.‑sanger.ac.uk/) (21). The microarray 
was scanned, and the images obtained were enumerated by 
using the 3D‑GeneH Scanner 3000 (Toray Industries). The 
expression level of each miRNA was globally normalized 
using the background‑subtracted signal intensity of the entire 
set of miRNAs in each microarray. The obtained microarray 
images were analyzed using the GenePix Pro™ (Molecular 
Devices).

miRNA expression assay. Total RNA was extracted from 
200  µl of plasma by using the miRNeasy Serum/Plasma 
Kit (Qiagen), as per the manufacturer's instructions. Then, 
5.6x108 copies cel‑miR‑39 synthetic RNA/sample were used 
as the spike‑in control (Qiagen). The RNA was eluted in 
15‑µl nuclease‑free water supplied with the kit. The reverse 
transcription reaction was performed with the TaqMan 
MicroRNA Reverse Transcription Kit (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). We used cel‑miR‑39 
(miRNeasy Serum/Plasma Spike‑In Control: Qiagen) as the 
internal control. We then mixed 15 µl solution containing 1 µl 
of the extracted RNAs, 0.15 µl of 100 mM dNTPs, 1.00 µl of 
Multiscribe Reverse Transcriptase (50 U/µl), 1.50 µl of 10X 
Reverse Transcription Buffer, 0.19 ml of RNase inhibitor 
(20 U/µl), 3 µl of gene‑specific primers (hsa‑miR‑33a‑5p; 
assay ID: 465396, cel‑miR‑39, assay ID: 000200), and 8.16 µl 
of nuclease‑free water. To synthesize cDNA, the reaction 
mixtures were incubated at 16˚C for 30 min, at 42˚C for 30 min, 
and then at 85˚C for 5 min, followed by a final holding at 4˚C.

The miRNA levels were quantified by RT‑qPCR using the 
human TaqMan MicroRNA Assay Kit (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). cDNA (1.33 µl) was amplified 
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using 10 µl of the TaqMan Universal Master Mix II (Applied 
Biosystems; Thermo Fisher Scientific, Inc.), 1.0  µl of 
gene‑specific primers/probe, and 7.67 µl of nuclease‑free water 
in a final volume of 20 µl. Then, RT‑qPCR was run on the 
ABI Prism 7300 Real‑time PCR System (Applied Biosystems; 
Thermo Fisher Scientific, Inc.), and the reaction mixtures were 
incubated at 95˚C for 10 min, followed by 40 cycles of 95˚C 
for 15 sec and 60˚C for 1 min. The cycle threshold (Ct) values 
were calculated with the SDS  v1.4 with RQv1.0 software 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The rela‑
tive quantities (RQ) of target miRNAs were calculated using 
the ΔΔCq method (22).

The results were normalized using the spike‑in control 
cel‑miR‑39 as a reference target and were expressed in a rela‑
tive quantity to a single reference sample (19). The relative 
miRNA levels were normalized to those of cel‑miR‑39 and 
calculated by using the equation 2‑ΔΔCq. The RQ values for 
miRNA‑33a‑5p were then normalized to the average expres‑
sions of each of these miRNAs in healthy individuals (15,20).

Statistical analyses. Data are presented as the mean ± standard 
deviation. Experiments were repeated in triplicate. To estimate 
the differences between the groups, Chi‑square test were used. 
To estimate the relationship between the candidate miRNA 
expression and the response rate, Mann‑Whitney U test was 
applied. The PFS was defined as the time from the initiation 
of chemotherapy to its progression or recurrence. The OS 
was calculated from the start of chemotherapy to the death 
from any cause. The survival curves were estimated using 
the Kaplan‑Meier method, and the curves were compared 
by using the log‑rank test. The factors affecting the PFS and 
OS were examined by univariate analyses using the Cox 
proportional hazards model. The paired t‑test was used for the 
chemo‑resistance biomarker analysis. P<0.05 was considered 
to be statistically significant.

All statistical analyses were performed with the EZR (Saitama 
Medical Center, Jichi Medical University, Saitama, Japan), 
which is a graphical user‑interface for R (The R Foundation for 
Statistical Computing, Vienna, Austria). More precisely, it is a 
modified version of R commander that has been designed to add 
statistical functions frequently used in biostatistics.

Results

Characteristics of the patients. Table I displayed the charac‑
teristics of patients who were enrolled in this study. We noted 
that the non‑responders were significantly younger than the 
responders. The patients' age range was 44‑86 years, and the 
median age was 66 years. We enrolled 110 patients, which 
included 65 men and 45 women. We compared each item 
between the two groups and found no significant differences. 
Moreover, we obtained similar result for tumor markers.

Candidate miRNAs. Our study design was depicted in Fig. 1. 
To extract the candidate miRNAs associated with chemo‑effi‑
cacy, the miRNA expression levels before chemotherapy were 
compared between the responders and non‑responders in 
34 mCRC patients by microarray analysis. We selected nine 
candidate miRNAs whose expression levels were significantly 
upregulated in eight non‑responders when compared with 
those in 26 responders (Table II).

The nine miRNAs are reportedly associated with various 
malignant tumors, including CRC. However, the high expres‑
sion of eight miRNA, except miR‑33a‑5p, has been associated 
with decreased malignancy of cancer and better prognosis in 
various cancer tissues (23‑30). Furthermore, some past studied 
have demonstrated that miR‑33a‑5p can be an oncomir. For 
example, it has been reported that miR‑33a‑5p plays an impor‑
tant role as an oncomir in hepatocellular carcinoma (HCC) and 
has been associated with chemo‑resistance against cisplatin in 

Figure 1. Schematic representation of the study design. miRNA, microRNA; FP, fluoropyrimidine; OX, oxaliplatin; BEV, bevacizumab; PR, partial response; 
PD, progression disease.
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osteosarcoma (31,32). Therefore, we focused on miR‑33a‑5p 
for further detailed analyses as an oncomir in this study.

The result of miR‑33a‑5p was confirmed in whole patients 
by RT‑qPCR method. We found that the expression levels of 
miR‑33a‑5p in 15 non‑responders were significantly higher 
than those in 95 responders (P=0.032; Fig. 2).

Analyses for predictive marker of chemo‑efficacy. To explore 
the predictive value of miR‑33a‑5p for the FP+OX+BEV 
chemotherapy, we compared the clinical outcomes 
(responders vs. non‑responders) between patients with high 
and low miR‑33a‑5p expressions. The expression levels before 

chemotherapy were categorized into two groups based on 
the cut‑off value calculated by receiver operator character‑
istic  (ROC) analysis. Comparing each factor in these two 
groups yielded no significant difference (Table III).

Patients with high miR‑33a‑5p expression showed a 
significantly shorter PFS when compared with those with low 
miR‑33a‑5p expression. The median PFS was 9 months for 
patients with high expression levels compared with 15 months 
for those with low expression levels [HR 1.51, 95% confidence 
interval (CI): 1.04‑2.20, P<0.01] (Fig. 3). However, no signifi‑
cant difference was noted in the OS (median 39 vs. 32 months, 
HR 0.98, 95% CI: 0.60‑1.59, P=0.42) (Fig. 3).

Table I. Investigation of the relationship between responder and non-responder characteristics.

Parameter	 All patients (n=110)	 Responders (n=95)	 Non-responders (n=15)	 P-value

Age (years)				    0.033
  Average	 66.4	 67.2	 61.9
  Median (range)	 67 (44-86)	 68 (46-86)	 63 (44-75)
Sex (n)				    0.057
  Male	 65	 60	   5
  Female	 45	 35	 10
Stage (n)				    0.810
  Metachronous	 36	 32	   4
  Synchronous	 74	 63	 11
Primary tumor location (n)				    0.742
  Right-sided colon	 30	 26	   4
  Left-sided colon	 43	 39	   4
  Rectum	 40	 33	   7
Histological type (n)				    0.611
  Well/not well	 63	 53	 10
  Other	 47	 42	   5
Lymph node metastasis (n)				    0.056
  Absent	 43	 41	   2
  Present	 67	 54	 13
Number of metastatic sites (n)				    0.530
  1	 56	 50	   6
  >1	 54	 45	   9
RAS (n)				    0.911
  Mutation	 56	 47	   9
  All wild	   6	   5	   1
  KRAS wild	 45	 40	   5
Median CEA (ng/ml)	 21.3	 29.2	 10.4	 0.214
Median CA19-9 (U/ml)	 20.3	 19.1	 38.8	 0.711
Median PFS (months)	 10	 11	   3	 <0.010
Median OS (months)	 21	 23	 15	 0.310

Responder, cases with complete response, partial response and reduced stable disease; non-responder, cases with extended stable disease 
and progression disease; metachronous, cases in which distant metastases were not observed at the time of diagnosis of colorectal cancer 
and chemotherapy was started when distant metastasis recurrence was later observed; synchronous, cases in which distant metastases were 
observed at the time of colorectal cancer diagnosis, after which chemotherapy was started; right‑sided colon, cecum, ascending and transverse 
colon; left‑sided colon, descending and sigmoid colon; well, tubular adenocarcinoma; not well, poorly differentiated adenocarcinoma; other, 
papillary adenocarcinoma, mucinous adenocarcinoma and signet‑ring cell carcinoma; PFS, recurrence free survival; OS, overall survival; 
CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.
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Analyses for the marker of chemo‑resistance against 
FP+OX+BEV regime. To evaluate whether miR‑33a‑5p can 
act as a marker of chemo‑resistance, we examined the expres‑
sion levels of miR‑33a‑5p at three different time‑points among 
37 responders. We defined each time‑point as follows: the time 
before chemotherapy as the ‘Pre‑point’ the time 3 months after 
initiating the chemotherapy as the ‘PR‑point’ and the time of 
recording recurrence or progression as the ‘PD‑point’. The 
expression levels at each point were compared.

Although no significant differences were noted in the 
expression levels between the Pre‑point and PR‑point, the 
expression level was significantly increased at the PD‑point 
when compared with that at the Pre‑point (P=0.024). In addi‑
tion, the expression level tended to increase at the PD‑point 
when compared with that at the PR‑point (P=0.070) (Fig. 4).

Discussion

In this study, the plasma miR‑33a‑5p expression levels 
before chemotherapy were significantly associated with the 
response rate and the PFS from FP+OX+BEV chemotherapy. 
Furthermore, the plasma miR‑33a‑5p expression levels were 
associated with chemo‑resistance in patients showing a good 
response to FP+OX+BEV chemotherapy. In the recent years, 
several studies have shown an association between miRNA 
and cancer chemo‑resistance, not only in cancer tissues (12‑14) 
but also in the plasma or serum samples (12,14). The use of 
CRC cell lines revealed the involvement of miR‑215‑3p and 
miR‑203 in 5‑fluorouracil (5‑FU) and oxaliplatin sensitivity, 
respectively (12,14). The high expression of miR‑17‑5p in CRC 
tissues revealed FOLFOX resistance in mCRC patients (13). 
The expression levels of serum miR‑19a were associated with 
chemo‑resistance in advanced CRC patients treated with the 
first‑line FOLFOX chemotherapy regimen  (15). It is well 
known that microRNA is stable in the blood and, assuming 
clinical application, microRNAs in the plasma/serum are 
easier to measure and can be monitored repeatedly. Therefore, 
we focused on plasma miRNAs and performed an array 

analysis by the Toray 3D‑gene, which was also employed when 
miR‑1229‑3p was identified as a chemo‑resistant biomarker 
for gastric cancer (17). Regarding the relationship between 
plasma miR‑33a‑5p and chemotherapy resistance, the plasma 
of the same patient was collected over different time points 
from before the start of the treatment until disease progression 
or recurrence, suggesting that plasma miR‑33a‑5p can act as 
a potential molecular biomarker for monitoring resistance. 
This is the first study of its kind to report plasma miRNA as a 
biomarker for FP+OX+BV chemotherapy.

miR‑33a‑5p has been reported to be associated with 
arteriosclerosis in several studies and has also been consid‑
ered as a candidate biomarker of atherosclerosis (33). In the 
recent years, it was reported that miR‑33a‑5p is involved in 
malignancy of cancer via peroxisome proliferator‑activated 
receptor α (PPARα) and UV radiation resistance‑associated 
gene (UVRAG). PPARα is a miR‑33a‑5p target genes  (31) 
that belongs to the nuclear hormone receptor superfamily 
and plays physiological roles in energy homeostasis via 
modulating glucose and lipid metabolisms and transport (34). 
The PPARα expression has a major impact on the mainte‑
nance of mitochondrial β‑oxidation  (35). PPARα is also a 
tumor suppressor (36). In HCC, the high expression levels of 
miR‑33a‑5p were associated with larger tumor size, higher 
tumor stage, and poorer prognosis and high expression levels 
of miR‑33a‑5p being related with PPARα suppression (37). 
In CRC tissues, it was demonstrated that PPARα suppresses 
cyclooxygenase2  (COX2) and acts as a tumor suppressor 
agent to suppress inflammation, tumor growth, and metas‑
tasis (38). The expression of miR‑33a‑5p was not analyzed 
in the present study, but it may be involved in malignancy of 
CRC via PPARα suppression. UVRAG was initially identified 
for its complementary effect on UV sensitivity in xeroderma 
pigmentosum cells. Genetic association studies have demon‑
strated that human chromosomal region containing UVRAG 
is closely associated with the pathogenesis of various human 
cancers (39). UVRAG is a miR‑33a‑5p target gene and the 

Figure 2. Expression of miR‑33a‑5p in the responders (n=95) and 
non‑responders (n=15) included in the current study at the pre‑treatment stage. 
The bar indicates the median relative quantification. Mann‑Whitney U test 
was performed to compare expression levels.

Table II. Identification of the candidate miRNA that are highly 
expressed in the pretreatment plasma collected from non-
responders.

miRNA	 Non-responder/responder	 P-value

Hsa-miR-19b-1-5p	 1.580	 0.008
Hsa-miR-144-3p	 2.122	 0.011
Hsa-miR-33a-5p	 1.901	 0.032
Hsa-miR-301b	 1.565	 0.033
Hsa-miR-142-3p	 1.738	 0.044
Hsa-miR-101-3p	 1.631	 0.046
Hsa-miR-99b-5p	 1.560	 0.047
Hsa-miR-484	 1.343	 0.048
Hsa-miR-340-5p	 1.625	 0.049

Responder, case with complete response, partial response and reduced 
stable disease; non-responder, case with extended stable disease and 
progression disease. miRNA/miR, microRNA.
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suppression of UVRAG can activate the Notch pathway (40). 
The Notch pathway has been shown to be activated in multiple 
tumors, including in CRC (41). In CRC tissues, the activation 
of Notch pathway has been reported to promote tumor growth, 
invasion, and metastasis (42). In glioblastoma cells, miR‑33a‑5p 
activated the Notch pathway via suppression of UVRAG 
and was involved in the malignancy of glioblastoma (40). In 
CRC tissues, miR‑33a‑5p may activate the Notch pathway by 
suppressing UVRAG and thereby contributing to malignancy.

miR‑33a‑5p may also be involved in chemotherapy resis‑
tance via the action of the target genes PPARα, UVRAG, and 
TWIST. The overexpression of miR‑33a‑5p can downregulate 

PPARα (37). In CRC tissues, it has demonstrated that PPARα 
suppresses Vascular Endothelial Growth Factor (VEGF) (38). 
We can suggest that miR‑33a‑5p may reduce PPARα expres‑
sion and promote VEGF, resulting in increasing the resistance 
against bevacizumab in CRC tissues (43). It is already known 
that the overexpression of miR‑33a‑5p downregulates UVRAG, 
which in turn activates the Notch pathway (40). It has also been 
reported that the activation of the Notch pathway is associated 
with resistance to chemotherapy  (44). One of the down‑
stream gene of the NOTCH pathway, hairy and enhancer of 
split 1 (HES1), is upregulated by the activation of the NOTCH 
pathway in CRC (42); HES1 can promote chemo‑resistance to 
5‑FU for CRC patients (44). miR‑33a‑5p may upregulate the 
HES1 expression via activation of the Notch pathway and can 
promote the chemo‑resistance to 5‑FU. The miR‑33a level was 
negatively correlated with the TWIST protein level in osteosar‑
coma cells, and miR‑33a was upregulated in chemo‑resistant 
osteosarcoma cell (32). TWIST has been suggested as a pivotal 
negative regulator of osteosarcoma chemo‑resistance (45). In 
addition, miR‑33a‑5p has been reported to be involved in the 
chemo‑resistance of cisplatin by downregulating TWIST in 
osteosarcoma cells (32). As oxaliplatin is a platinum antitumor 
agent similar to cisplatin, miR‑33a‑5p may be involved in the 
chemo‑resistance of OX in CRC patients through the same 
mechanism. The expression of miR‑33a in the plasma may 
influence chemo‑resistance due to various mechanisms. The 
elucidation of the chemo‑resistance mechanism is extremely 
important considering that it may contribute to the develop‑
ment of new drugs.

However, this hypothesis‑generating study poses some 
limitations that need to be considered, particularly with 
respect to the sample size. In this cohort, only 15 patients 
who experienced PD were included. Future studies with a 
larger sample size are warranted to confirm these associa‑
tions. In addition, it remains unclear as to which drug from 
FP, OX, and BEV induced the miR‑33a‑5p expression. To 

Figure 3. PFS and OS according to microRNA‑33a‑5p expression. Kaplan‑Meier survival curves presenting the association between (A) PFS, (B) OS and miR‑33a‑5p 
expression levels in the pretreatment plasma samples of patients with mCRC. The low expression group is indicated by a black line, and the high expression group 
by a gray line. The cut‑off value was defined as the expression level resulting in the highest number of correctly classified samples in receiver operator characteristic 
analysis. The Kaplan‑Meier survival curves were compared by performing log‑rank test. PFS, progression‑free survival; OS, overall survival; m, months.

Figure 4. Expression of micorRNA‑33a‑5p in 37 responders at the pre‑point, 
PR‑point and PD‑point. The bar indicates the median relative quantifica‑
tion. To compare the expression levels, a paired t‑test was used. PR, partial 
response; PD, progression disease.
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clarify which drug is unique to miR‑33a‑5p, further func‑
tional studies on the underlying biological mechanisms of 
miR‑33a‑5p are warranted. It is also important to analyze the 
relationship between the expression level of miR‑33a‑5p in the 
plasma and PPARα, UVRAG, and TWIST. Considering the 
clinical application, if the expression of miR‑33a‑5p in plasma 
is high before the start of the chemotherapy, we can prioritize 
other regimens as well as estimate the timing of the regimen 
change.

In conclusion, the miR‑33a‑5p expression level in the 
plasma can serve as a predictive marker of efficacy and as 
a biomarker of chemo‑resistance in mCRC patients who 
receive the FP+OX+BEV regime. Our cumulative results 
suggest that miR‑33a‑5p may be involved in acquired resis‑
tance, which may contribute to the development of new 
mCRC therapeutics.
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Table III. Characteristics of patients in the high and low expression groups.

	 All patients	 High expression	 Low expression
Parameter	 (n=110)	 group (n=34)	 group (n=76)	 P-value

Age (years)				    0.061
  Mean	 66.4	 64.4	 67.4
  Median (range)	 67 (44-86)	 54 (44-86)	 68 (46-83)
Sex (n)				    0.863
  Male	 65	 21	 44
  Female	 45	 13	 32
Stage (n)				    0.780
  Metachronous	 36	 10	 26
  Synchronous	 74	 24	 50
Primary tumor location (n)				    0.714
  Right-sided colon	 30	   8	 22
  Left-sided colon	 43	 13	 30
  Rectum	 40	 14	 26
Histopathological subtype (n)				    0.216
  Well/not well	 63	 23	 40
  Other	 47	 11	 36
Lymph node (n)				    0.353
  Absent	 43	 16	 27
  Present	 67	 18	 49
Number of metastatic sites (n)				    0.741
  1	 56	 16	 40
  >1	 54	 18	 36
KRAS (n)				    0.770
  Mutation	 56	 19	 37
  Wild	 51	 15	 36
Median CEA (ng/ml)	 21.3	 39.5	 28.4	 0.683
Median CA19-9 (U/ml)	 20.3	 39.4	 19.6	 0.312

Metachronous, cases in which distant metastases were observed at the time of diagnosis of colorectal cancer and chemotherapy was started; 
synchronous, cases in which distant metastases were not observed at the time of diagnosis of colorectal cancer, and chemotherapy was started 
when distant metastasis recurrence was later observed; right-sided colon, included cecum, ascending and transverse colon; left-sided colon, 
included descending and sigmoid colon; well, tubular adenocarcinoma; not well, poorly differentiated adenocarcinoma; other, papillary adeno‑
carcinoma, mucinous adenocarcinoma and signet-ring cell carcinoma
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