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Abstract
Background  This study explored the applicability of serum level and tissue expression of Ribonucleotide-diphosphate 
Reductase subunit M2 B (RRM2B) as reliable biomarkers for colorectal cancer (CRC) progression and metastasis.
Methods and results  The present descriptive-analytic cohort study was conducted on 50 newly diagnosed CRC patients 
(stage II, III) and 50 healthy individuals. The new cases had not received any therapeutic intervention and underwent 
surgery immediately after the initial diagnosis. Tumorous tissues and marginal healthy tissues (as control) were excised 
to determine the mRNA tissue expression of RRM2B by Real-Time PCR. Serum RRM2B protein was measured using an 
ELISA method once in the control group. In the patients, serum RRM2B protein was evaluated before, 1 and 3 months after 
surgery. The tumor metastasis node (TMN) classification system and liver metastasis were evaluated in CRC patients. The 
results showed significantly lower RRM2B serum levels in 1 and 3 months after surgery compared with the pre-surgery 
condition (P = 0.014, P < 0.001 respectively). The mean RRM2B gene expression was 51% lower in tumor tissue than its 
adjacent normal tissue (P < 0.001). No significant relationship was found between serum level of RRM2B and tumor staging 
and metastasis in patients before surgery (P = 0.373, P = 0.189), 1 month after surgery (P = 0.960, P = 0.088), and 3 months 
after surgery (P = 0.407, P = 0.724). RRM2B expression in tumor tissue is not associated with tumor staging and metastasis 
(P = 0.254, P = 0.721).
Conclusion  These data suggest measuring serum protein level of RRM2B could have a role in CRC progression, although 
this study should be considered preliminary due to small sample size and short follow-up duration.
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Introduction

Colorectal cancer (CRC) is the third most deadly cancer glob-
ally. It is a multifactorial disease resulting from genetic, envi-
ronmental, and lifestyle risk factors [1, 2]. The burden of CRC 
on public health is estimated to be increased by 60% during the 
next decade. CRC-related deaths are expected to reach 1.1 mil-
lion by 2030 [3]. Noteworthy, CRC is the fourth most common 
cancer in Iran, with an average incidence rate of 11.6–10.5 
for men and women, respectively [4]. Furthermore, CRC is 
more prevalent in Iran than in western countries among the 
population older than 45 [5]. As developing countries experi-
ence a rising incidence of CRC cases [1], developing a reliable 
prognostic biomarker is of crucial significance. The CRCs are 
highly heterogeneous, driven by different arrays of mutations 
and mutagens that progress through various morphological 
stages, including polyp formation and malignant conversion. 
This situation is caused by mutations targeting oncogenes, 
tumor suppressor genes, and genes related to DNA repair 
mechanisms [1, 6]. Cancer cells require deoxynucleotide 
triphosphates (dNTP) synthesis for their growth, and dNTP 
pool imbalances enhance mutagenesis mainly by DNA inser-
tion mutation and impaired proofreading [7–9]. The ribonu-
cleotide reductase (RR) enzyme is a key player in dNTP syn-
thesis [9]. RR is a highly regulated rate-limiting enzyme with 
a vital role in DNA synthesis by converting ribonucleoside 
diphosphate to 2’-deoxyribonucleoside diphosphate. Human 
RR consists of one large subunit (RRM1) and two small subu-
nits (RRM2 and RRM2B) [9, 10]. RRM2B can counteract 
reactive oxygen species (ROS) and is involved in DNA repli-
cation and repair, cell cycle, and mitochondrial homeostasis 
[11, 12]. A small subunit of RRM2B also known as p53R2 
contains a tyrosine-free radical and a non-heme iron for enzy-
matic activity [13]. An increase in RR activity and dNTP pools 
is necessary to ensure accurate DNA synthesis in response 
to DNA damage or replicative stress [14]. Notably, previous 
findings determined the amount of RRM2B gene expression in 
cancer tissue, while its serum has not been considered yet. This 
motivated the authors to examine the possibility of applying 
RRM2B as a biomarker in the metastatic stage of CRC. To this 
end, serum levels of RRM2B were screened in CRC patients 
before, 1 and 3 months after surgery. The RRM2B expression 
was also assessed at the mRNA level in surgically excised 
tumor tissues. The results could provide valuable evidence in 
support of RRM2B potential as a diagnostic CRC biomarker.

Materials and methods

Participants

This descriptive-analytic cohort study was conducted on 100 
individuals who were referred to the hospital affiliated with 
Tehran University of Medical Sciences, Imam Khomeini 
hospital of Tehran, Iran, between 2018 and 2020. The par-
ticipants were divided into two groups: fifty new cases of 
colorectal cancer, who had not received any therapeutic 
interventions as a case group, and fifty healthy subjects who 
came for routine check-ups as the control group. Our control 
group was matched with the case group in terms of demo-
graphic characteristics such as age and sex. The new cases 
underwent colorectal surgery immediately after diagnosis 
and, tissue sections were excised for further assessment. The 
clinical stage was determined according to the International 
Joint Cancer TNM (tumor, node, and metastasis) Classifica-
tion System. Pregnant, smoker, and alcoholic participants or 
those suffering from underlying diseases such as diabetes, 
myocardial infarction, metabolic disorders, thyroid prob-
lems, kidney diseases, congenital liver diseases, and malig-
nancies other than colorectal cancer were excluded from 
the study. Before the study, all participants signed a written 
informed consent form approved by National Institute for 
Medical Research Development (NIMAD).

Blood samples and measurement of serum RRM2B

Peripheral venous blood (5 mL) was sampled from the 
patients before surgery, 1 month, and 3 months after sur-
gery. The same amount of peripheral venous blood was also 
collected from healthy controls on the day of routine check-
ups. The blood samples were immediately transferred to the 
biochemistry laboratory, and the serum was separated and 
preserved at − 80 °C until the day of assessment. Serum 
RRM2B levels were evaluated using Human RRM2B ELISA 
Kit (Ribonucleotide Reductase M2B (TP53 inducible))-
ABIN1155810, as instructed by the manufacturer.

Quantitative real‑time PCR (qRT‑PCR)

Tumor and its marginal healthy tissues were sampled 
from the patients on the day of surgery. After pathologi-
cal confirmation of CRC and marginal healthy tissues 
(as controls), the sections were kept in tubes containing 
RNA LATER (Sigma-Aldrich) for better conservation of 
the tissue mRNA. Subsequently, total RNA was extracted 
using tissue homogenizer and TRIzol™ plus RNA puri-
fication, and RNA concentration was measured by the 
nanodrop method. For the reverse transcription reaction, 
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approximately 2 μg of total RNA was used for cDNA 
(complementary DNA) synthesis (Fermentas, USA) by 
Random hexamer and oligo-dT as primers according to 
the manufacturer's instructions. The qRT-PCR was per-
formed by ABI system SYBR Green Master Mix (Takara, 
RR820A) at 95 °C for 2 min, followed by 40 cycles of 
95 °C for 5 s and extension at 60 °C for 45 s. The results 
were analyzed by Rest 2009 Software QIAGEN. Data 
were normalized based on the glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) expression in each sample.

Statistical analysis

The quantitative and qualitative data are reported as 
mean ± standard deviation (SD) and percent. Independ-
ent t-tests were used to examine the differences between 
the two groups in terms of main outcomes, demographic 
data, and other measurements. One sample t-test was 
used to compare RRM2B expression between tumor and 
normal tissue. Repeated measure ANOVA with normal 
distribution was employed to compare RRM2B expres-
sion/protein level of the groups. If the result of repeated 
measure ANOVA was significant, the LSD post hoc test 
was performed for pairwise comparison between different 
times. P-values below 0.05 were considered to be statically 
significant. All statistical analysis was performed using the 
SPSS software, version 21.

Results

The baseline characteristics of participants are summarized 
in Table 1. An independent t-test was utilized to evaluate 
the differences between the two study groups in terms of 
demographic, clinical, and pathological variables. As shown 
in Table 1, CRC patients had significantly lower mean cor-
puscular volume (MCV) (P = 0.015). On the other hand, 
blood sugar (BS) and platelet (PLT) count were significantly 
higher in CRC patients (125.92 ± 48.13 vs. 93.7 ± 7.16 and 
291.62 ± 129.71 vs. 239.34 ± 55.53, respectively). Other 
baseline characteristics showed no statistically significant 
difference. Table 1 also indicates the number and percentage 
of cases with different stages. Most of the patients were in 
stage II with no liver metastasis.

According to Table  2, The means of RRM2B gene 
expression were 0.49 ± 0.70 and 1.01 ± 1.35 in tumor tis-
sue and normal tissue respectively. RRM2B gene expres-
sion levels were 51% lower in tumor tissue when compared 
with normal tissue (P < 0.001, t = 4.94, and degree of free-
dom = 49). However, no significant differences were detected 
between RRM2B gene expression levels in terms of gender, 
tumor stage, and liver metastasis (P = 0.258, P = 0.721, and 
P = 0.254).

Table 3 provides the mean and standard deviation (SD) 
of serum RRM2B protein levels in 50 CRC patients. The 
CRC patients were classified into three different groups 
regarding the measurement time (before surgery, 1 month, 

Table 1   Demographics 
characteristics and serological 
parameters of CRC patients 
compared to healthy individuals

CRC​ colorectal cancer, BS blood sugar, BP blood pressure, WBC white blood cell, RBC red blood cell, 
MCV mean corpuscular volume, MCHC mean corpuscular hemoglobin concentration, Hb hemoglobin, 
PLT platelet, PT prothrombin time, PTT partial thromboplastin time, TNM tumor (T), nodes (N), and 
metastases (M), N number, NA not applicable or not available

Variable Exposure group N = 50 Healthy group N = 50 P value

Age 52.4 ± 13.87 52.32 ± 13.46 0.977
Gender (male/female) 24/26 19/31 0.313
BS (mg/dl) 125.92 ± 48.13 93.7 ± 7.16  < 0.001
Systolic BP (mmHg) 115.40 ± 7.06 116 ± 7.82 0.547
Diastolic BP (mmHg) 75.40 ± 6.76 74.60 ± 7.04 0.412
WBC (× 1000/mm3) 7.23 ± 2.44 6.8 ± 1.75 0.311
RBC (million/mm3) 4.46 ± 0.62 4.56 ± 0.46 0.356
Hb (g/dl) 11.84 ± 2.27 12.05 ± 1.22 0.565
MCV (fl) 79.18 ± 8.59 82.86 ± 6.1 0.015
MCH (pg) 26.52 ± 4.05 26.74 ± 2.51 0.748
PLT (× 1000/mm3) 291.62 ± 129.71 239.34 ± 55.53 0.010
PT 13.44 ± 2.21 13.55 ± 2.20 0.657
PTT 28.57 ± 3.5 28.59 ± 3.20 0.921
TNM stage
 II 25 (50%) NA NA
 III 22 (44%) NA NA

Liver metastasis (yes) 4 (8%) NA NA
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and 3 months after surgery). Furthermore, the sera of the 
healthy subjects (N = 50) were evaluated. F-test derived from 
repeated measure ANOVA test was employed to calculate 
the significance between four mentioned groups. Based on 
Table 3, the serum expression of RRM2B was significantly 
different in four groups (P2 = 0.003, F = 5.334, and degree of 
freedom = 3/147). Figure 1 provides a pair-wise comparison 
of the serum RRM2B protein levels using the LSD post hoc 
test. What stands out in this figure was the statistically lower 
level of RRM2B protein 3 months after surgery compared 
to the healthy subjects (P < 0.001). Moreover, surgery man-
aged to substantially decrease the level of RRM2B protein 
1 month (P = 0.014) and 3 months (P < 0.001) after surgery 
the same as the healthy group (P = 0.043). No significant 
difference was detected in serum RRM2B level during 2 
months (from months 1–3) after surgery (0.366 ± 0.005 vs 
0.365 ± 0.001, = 0.619). T-tests were applied to analyze the 
inter-gender relationship. No difference was observed in 

males and females in terms of the serum level of the RRM2B 
protein (Table 3).

As a subsidiary goal, the RRM2 expression was also 
explored in tumor cells and compared with the RRM2B 
expression level. Higher expression of RRM2 (0.6.56 ± 6.03) 
was found compared to RRM2B (0.49 ± 0.70) (P < 0.001).

Tumor stage and metastasis were not correlated with 
serum RRM2B protein level before surgery and by a short 
while follow-up after surgery (P > 0.05) (Table 4).

Discussion

Genomic instability, defined as an elevated rate of acquisi-
tion of genetic mutations, has been postulated as a key player 
in tumor development, progression, and resistance to treat-
ment [15]. The various biological markers which are known 
to be related to the prognosis of CRC are studided [16]. 
Their biological roles are centered on regulating prooxidant 
state and potential invasion in cancer cells which could be 
beneficial in therapeutic goals and survival prediction.

Malignancy suppresses the potential of RRM2B due 
to its p53-inducible nature. However, the precise role of 
RRM2B in human cancer progression and metastasis has 
not been fully understood as it is found to be tumor type-
specific as well as stage-specific. According to prior analytic 
findings, RRM2B could suppress the invasion of pancre-
atic, oropharyngeal, prostate, and colon cancer cells [17]. 
Genetic variation of RRM2B has been previously reported 
in non-small cell lung cancer (NSCLC), Hepatocellular car-
cinoma (HCC), gastric, and urothelial carcinoma [18–21]. 
Tian et al. reported down-regulation of RRM2B in HCC 
commonly. Cell migration, invasion, and metastasis in HCC 
have been suggested to be inhibited by RRM2B in vitro and 
in vivo [20]. On the contrary, widespread overexpression of 
RRM2B in transgenic mice induces NSCLC [21]. However, 

Table 2   RRM2B gene expression levels in tumor tissues of CRC 
patients based on gender, TNM stage and liver metastasis

SD standard deviation, CRC​ colorectal cancer, TNM tumor (T), nodes 
(N), and metastases (M), NA not applicable or not available

N (%) RRM2B gene expression 
(mean ± SD)

P value

Total 50 (100) 0.49 ± 0.70 <0.001 
Gender
 Male 26 (52) 0.38 ± 0.62 0.258 
 Female 24 (48) 0.61 ± 0.78

TNM stage
 II 25 (53) 0.56 ± 0.71 0.721 
 III 22 (47) 0.40 ± 0.74

Liver metastasis
 Yes 4 (8) 0.10 ± 0.05 0.254
 No 46 (92) 0.53 ± 0.72

Table 3   Serum RRM2B protein 
levels in our study population 
(N = 100) totally and based on 
gender before surgery, 1 month 
and 3 months after surgery

Data present mean ± SD
CRC​ colorectal cancer, TNM, tumor (T), nodes (N), and metastases (M), NA not applicable or not available
a Comparison between genders was analyzed using independent t test;
b F-test derived from repeated measure ANOVA test was employed to analyze differences between CRC 
patients before surgery, 1 month and 3 months after surgery and the healthy group, F and degree of free-
dom was 5.334 and 3/147; respectively

CRC patients (N=50) Healthy group (N=50)

Before surgery 1 month after surgery 3 months after surgery

Gender
 Male 0.370 ± 0.007 0.366 ± 0.007 0.365 ± 0.001 0.367 ± 0.002
 Female 0.368 ± 0.005 0.365 ± 0.001 0.365 ± 0.001 0.366 ± 0.001

Total 0.369 ± 0.006 0.366 ± 0.005 0.365 ± 0.001 0.367 ± 0.002
P1 valuea 0.386 0.563 0.178 0.096
P2 valueb 0.003
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no correlation was found between RRM2B expression and 
grade, stage, and histological type of gastric cancer [18]. 
Nevertheless, RRM2B is highly expressed in some human 
cancers as noted above. Experimental suppression of 
RRM2B expression impairs cancer cell proliferation in vitro 
[22]. A possible explanation for the controversial role of the 
RRM2B gene in different cancers might be dependent on 
the time of gene expression. Prior to the formation of cancer 
cells, p53R2 provides dNTPs for DNA repair and increases 
expression of P21 while declining the expression of cyclin 
D in wild-type cells to arrest the cell cycle for repairing 

the damaged DNA. After the formation of malignancy and 
their increasing demands for nutrients and support, p53R2 
may contribute to cancer cell progression, especially when 
p21 presents in the cytoplasm [23]. In particularly, RRM2B 
amplifications among several tumors accompanying other 
oncogenes such as MYC are aspiring biological models in 
context of survival outcome [24].

The current study set out to evaluate the expression level 
of the RRM2B gene and protein as biological marker in CRC 
patients compared to normal controls. This investigation has 
shown that RRM2B gene expression was significantly lower 
in CRC tumor tissue (51% lower, p < 0.001), strengthening 
the idea that down-regulation of the RRM2B gene may 
contribute to poor prognosis. In line with the present find-
ings, previous studies have shown markedly better survival 
in CRC patients with elevated RRM2B expression [16]. 
Another study reported significantly lower expression levels 
of RRM2b in patients with distant metastasis and late-stage 
CRC compared with those having no metastasis and early-
stage CRC. However, the present study found no associa-
tion between and RRM2b expression and Overall Survival in 
CRC patients [25]. On the other hand, in some other types of 
cancers (e.g., Esophageal, oral, and small cell lung cancer), 
it is found that RRM2B overexpression is positively cor-
related with increased metastasis and poor prognosis [25].

Contrary to prior studies which were mainly focused on 
measuring nuclear and cytosolic RRM2B levels, this pro-
ject determined the serum level of RRM2B protein for the 
first time. Therefore, it can be speculated that only a single 
serum specimen from suspected individuals could explain 
the colon tumorigenesis. Besides, the obtained results 

Fig. 1   Comparison of serum 
RRM2B protein level between 
CRC patients in three different 
times (before surgery, 1 month 
and 3 months after surgery) and 
healthy group

Table 4   Serum RRM2B protein levels in our CRC patients (N = 50) 
based on tumor stage and occurrence of liver metastasis before sur-
gery, 1 month and 3 months after surgery

CRC​ colorectal cancer, TNM tumor (T) nodes (N), and metastases 
(M)
a Comparison between stage II and III groups using t test
b Comparison between patients with and without liver metastasis 
using t test

Before surgery 1 month after 
surgery

3 months after 
surgery

TNM stage
 II 0.370 ± 0.008 0.365 ± 0.001 0.365 ± 0.001
 III 0.368 ± 0.005 0.367 ± 0.007 0.365 ± 0.001

Liver metastasis
 Yes 0.366 ± 0.002 0.366 ± 0.002 0.366 ± 0.001
 No 0.369 ± 0.007 0.366 ± 0.005 0.366 ± 0.001

P1 valuea 0.189 0.088 0.724
P2 valueb 0.373 0.960 0.407
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indicated significantly different RRM2B serum levels before 
and after surgery, suggesting the clinical relevance of serum 
RRM2B levels in CRC patients. Serum RRM2B protein 
showed a decline after surgery. This discrepancy could be 
attributed to the elimination of the source of RRM2B protein 
expression by surgery. Regarding the short-time follow-up 
in the present study, it is not clear whether the altered level 
of serum RRM2B could impress the patient prognosis and 
survival. Further research should be focused on determin-
ing the possible role of this biomarker in overall survival. 
Despite a significant decrease of RRM2B gene expression 
in CRC patients, the results indicated no difference between 
CRC patients before surgery and the healthy group regarding 
serum RRM2B protein levels.

This study does not demonstrate any difference in 
RRM2B gene expression between patients with stage II 
and III. Furthermore, advanced stages of CRC and occur-
rence of metastasis did not alter RRM2B protein expression. 
The effect of RRM2B gene expression on tumor metastasis 
was also assessed which showed no association (Table 2, 
P = 0.254). These outcomes differ from earlier findings 
revealing a negative relationship between RRM2B expres-
sion and cancer cell invasiveness, lymph node involvement, 
and metastasis [16, 17].

Prior investigations have mentioned gender as an essen-
tial factor influencing survival results among CRC patients. 
Females have been reported to have significantly better over-
all survival (OS) and cancer‐specific survival (CSS) than 
males [26]. This result seems consistent with our findings, 
revealing higher expression of RRM2B protein in females 
after surgery. Hence, elevated levels of this biomarker 
may contribute to the better survival of females. However, 
both genders did not show any significant difference in 
the expression of the RRM2B gene in their tumor tissue 
(Table 1, P = 0.258).

RRM2 plays a critical role in tumor invasiveness 
and malignancy [27]. As a Subsidiary finding, sig-
nificantly higher levels of RRM2 were determined in 
tumor cells as compared with RRM2B (P < 0.001). 
Although RRM2 and RRM2B are highly homologous in 
their gene sequences, their expressional levels and subcel-
lular localizations are differently regulated in cells. Similar 
to our results, immunohistochemistry studies of Ding Y et al. 
showed that RRM2 gene expression levels were higher than 
that of the other two subunits in almost all the studied can-
cer types, especially CRC. Dysregulated expression of RR 
small subunit genes and the related enzyme activities operate 
under different mechanisms regarding cancer progression or 
patient survival in colorectal tumor cells [28].

As reported by several studies, up-regulation of RRM2B 
expression could result in resistance to treatment. Moreover, 
cell hypersensitivity to DNA-damaging agents was observed 
in the absence of RRM2B [22, 29–32]. Hence, evaluation of 

RRM2B expression, in addition to its prognostic role, seems 
to help physicians to make optimal treatment decisions.

However, this study must be regarded preliminary on 
account of limited sample size and short follow up. Because, 
finding newly-diganosed CRC patients without any thera-
peutic intervention was burdensome and time-consum-
ing and we were not able to do a longer follow up due to 
restricted budget and timeframe. Taken together, we first 
investigated the potential of RRM2B in serum as a CRC 
biomarker. Though a great deal of further researches are 
needed to confirm the prognostic value of this marker along 
with other cancer-related genes in CRC.

Conclusion

This study highlights further possible implications of 
RRM2B as a routine diagnostic and prognostic biomarker 
for CRC. The expression of RRM2B was downregulated in 
tumor cells compared to adjacent normal tissue. To the best 
of the authors’ knowledge, this study presented the serum 
RRM2B as a biomarker of CRC progression and compared 
its level among the healthy group and CRC patients before 
surgery, 1 month, and 3 months after surgery which was 
significantly diminished over time. Large cohort studies with 
longer follow-up duration should be designed to explore 
more variables and calculate OS and CSS of CRC patients 
regarding their serum RRM2B level. A more accurate under-
standing of the molecular basis of CRC could aid in estimat-
ing tumor behavior and thus developing novel molecular 
targets for therapeutic strategy in CRC.
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