,r" ’. 2 &7
V‘F‘ﬁ 2 LA Chin J Clin Res, July 2025, Vol.38, No.7

Cite as: He F, Niu ZX, Liu S. Expression levels of miR-212-5p and miR-576-5p in the serum of patients with colorectal
cancer and prognosis [J]. Chin J Clin Res, 2025, 38(7):999-1004.
DOI: 10.13429/j.cnki.cjcr.2025.07.005

Expression levels of miR-212-5p and miR-576-5p in the serum of patients with

colorectal cancer and prognosis

HE Feng”, NIU Zhixin, LIU Shuang
“General Surgery Department 11l (Colorectal Department), First Hospital of Qinhuangdao, Qinhuangdao, Hebei

066000,China
Abstract: Objective To analyze the levels of serum microRNA (miR)-212-5p and miR-576-5p in colorectal cancer (CRC)
patients and their clinical value in prognosis. Methods A total of 117 CRC patients admitted to First Hospital of Qinhuangdao
from April 2019 to April 2021 and 50 healthy volunteers were enrolled as subjects. Postoperative follow-up was conducted for
3 years to record the survival outcomes of the patients. According to the survival status at the end of the follow-up, the
patients with colorectal cancer were divided into survival group (n=91) and death group (7=26).The real-time fluorescence
quantitative PCR (qQRT-PCR) was used to measure the expression levels of serum miR-212-5p and miR-576-5p in each group.
Pearson’s correlation test was employed to analyze the correlation between the expression levels of serum miR-212-5p and
miR-576-5p in CRC patients. The relationship between serum miR-212-5p, miR-576-5p levels and the clinicopathological
characteristics of the patients was examined. Results Compared with the control group, the expression level of serum
miR-212-5p in the observation group was decreased, while the expression level of miR-576-5p was increased (P <0.05).
Compared with the survival group, the deceased group exhibited lower serum miR-212-5p expression and higher miR-576-5p
expression (P <0.05). Serum miR-212-5p and miR-576-5p levels in CRC patients showed a significant negative correlation
(r=-0.598, P<0.05). The serum levels of miR-212-5p and miR-576-5p in CRC patients were closely associated with TNM
staging and lymph node metastasis (P <0.05). The area under the curve (AUC) values for serum miR-212-5p and miR-576-5p,
both individually and in combination, in diagnosing CRC were 0.764, 0.827, and 0.907, respectively, with the combined
detection outperforming individual detection (Z momaton-miz-212-55=3-902,  Zompination-mi-s76-5p=3-1 70, P£<0.05). The AUC values for
predicting CRC patient mortality using serum miR-212-5p and miR-576-5p individually and in combination were 0.861, 0.720,
and 0.937, respectively, with the combined detection being superior to individual detection (Z.mpmaton.mr-212.50=2-460,
Z omtination-mie-s76-5p=4.377, P<0.05). Conclusion  Serum miR-212-5p expression is reduced and miR-576-5p expression is
increased in CRC patients. The combination of the two can provide clinical evidence for early diagnosis and prognosis of CRC.
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Colorectal cancer (CRC) is one of the digestive
system malignancies with high global incidence and
mortality rates, and its incidence is increasing year by
year in developing countries[1]. In the pathogenesis of
CRC, environmental and genetic factors play a dominant
role, while nutritional factors exert protective effects[2].
In recent years, due to advancements in screening
technologies and optimization of treatment methods, the
global mortality of CRC has shown a positive downward
trend[3]. Therefore, early diagnosis is crucial for patient
survival. However, traditional diagnostic methods often
have insufficient sensitivity and specificity in early
screening and prognostic evaluation of CRC[4],
necessitating the exploration of new biomarkers to
address this limitation. MicroRNAs (miRNAs), as a class
of non-coding RNAs, play important regulatory roles in
the development and metastasis of CRC[5]. Serum
miRNAs have emerged as a new research hotspot in
oncology due to their easy acquisition, good stability, and
potential clinical application value[6]. miR-212-5p, a
unique tumor suppressor, has been previously reported[7]

to be closely associated with the metastatic process of
CRC. Moreover, the expression level of miR-212-5p
shows a significant downregulation trend in CRC cell
lines, further highlighting its value as a therapeutic target
in CRC progression. miR-576-5p, on the other hand,
exhibits pro-cancer potential in various types of tumors.
Studies have reported that miR-576-5p promotes the
invasive behavior of colon adenocarcinoma cells by
regulating the expression of neural growth regulator 1
(NEGR1)[8]. It has been found that miR-576-5p is highly
expressed in CRC patients, thereby inhibiting the
apoptosis of CRC cells[9]. Currently, there are limited
clinical reports on the combined use of miR-212-5p and
miR-576-5p in predicting the prognosis of CRC. Based
on this, this study aims to analyze the expression changes
of miR-212-5p and miR-576-5p in CRC and their
relationships with disease occurrence and prognosis, with
the expectation of providing a scientific basis for the
diagnosis and prognostic evaluation of CRC.

1 Materials and methods
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1.1 General data

Prior to the trial, approval was obtained from the
Ethics Committee with the ethical batch number
(2019H026). A total of 117 CRC patients admitted to the
First Hospital of Qinhuangdao from April 2019 to April
2021 were enrolled as the study group, including 64
males and 53 females, with an age of (51.9749.53) years.

Inclusion criteria: (1) Met the diagnostic criteria for
CRC[10] and were confirmed by pathology; (2) None had
received immunotherapy, radiotherapy, or chemotherapy
before enrollment; (3) Age >18 years; (4) Staging -1V
according to relevant staging criteria[ 11]; (5) Complete clinical
data; (6) Patients were informed, voluntarily participated, and
signed informed consent forms.

Exclusion criteria: (1) With other intestinal diseases;
(2) With dysfunction of vital organs such as kidneys, heart,
or liver; (3) With severe infections, congenital diseases, or
autoimmune diseases; (4) Pregnant or lactating women;
(5) With other malignancies.

Additionally, 50 healthy volunteers undergoing
physical examinations meanwhile were selected as the
control group, with all physical examination indicators
within normal ranges. The control group included 32
males and 18 females, with an age of (51.37£9.14) years.
There were no statistically significant differences in
gender and age between the two groups (P>0.05).

1.2 Research methods

1.2.1 Detection of relative expression levels of serum
miR-212-5p and miR-576-5p by quantitative re-verse
transcriptase polymerase chain reaction (QRT-PCR)

A total of 3 mL of fasting venous blood were
collected from all subjects in the morning. After
centrifugation for 10 minutes, the supernatant was
collected and stored in a low-temperature environment for
later use. Total RNA was isolated from serum samples
using the Trizol Total RNA Extraction Kit (Shanghai
Kanglang Biotechnology Co., Ltd., Cat. No.: KL001). An
ultraviolet spectrophotometer was used to measure the
absorbance (A value) of RNA samples, and their
concentration and purity were calculated. Samples with
an A260/A280 ratio between 1.7 and 2.1 were considered
qualified. The selected total RNA was reverse-transcribed
using a reverse transcription kit [Asia-Pacific Hengxin
Biotechnology (Beijing) Co., Ltd., Cat. No.: AORT-0100].
The reaction system was configured according to the
real-time fluorescent quantitative PCR (qRT-PCR) kit
(Shanghai Baishenyue Biotechnology Co., Ltd., Cat. No.:
BR1000207), and PCR amplification was performed in a
qRT-PCR system. The reaction program was set as
follows: pre-denaturation at 95 °C for 2 min, denaturation
at 95 °C for 15 s, annealing at 60 °C for 30 s, and
extension at 72 °C for 30 s, with 40 cycles in total. U6
was used as an internal reference gene for normalization,
and the 2-AACt method was applied to calculate the

relative expression levels of miR-212-5p and miR-576-5p.
All primer sequences were designed by NCBI and
synthesized by Bio-engineering (Shanghai) Co., Ltd.
Specific sequence information is shown in Table 1.

Tab.1 Primer sequences

Forward primer

Title of gene Reverse primer(5°—3’)

(5—3")
miR-212-5p GCT TAC GCT TCG GAC ACCACG GCC
AGC CCAC CAC TCT GCA
miR-576-5p GCG CGA TTC TAA AGT GCA GGG TCC
TTT CTC CAC GAG GTATT
Ue CTC GCT TCG GCA AAC GCT TCA CGA
GCA CA ATT TGC GT

1.2.2 Collection of clinical characteristics

Key clinical characteristics of patients were recorded,
including tumor location (73 cases in colon, 44 cases in
rectum), tumor diameter (<5 cm in 61 cases, >5 cm in 56
cases), TNM staging (53 cases in stage I-II, 64 cases in
stage III-1V), degree of differentiation (39 cases with low
differentiation, 78  cases  with  moderate/high
differentiation), and presence of lymph node metastasis
(31 cases with lymph node metastasis, 86 cases without
lymph node metastasis).

1.2.3 Follow-up

All patients underwent a 3-year postoperative
follow-up through outpatient visits and telephone
follow-up, and their prognostic survival status was
recorded. The follow-up end date was March 2024. Based
on survival status, patients were divided into a survival
group (n=91) and a death group (n=26).

1.3 Statistical methods

Data were processed using SPSS 27.0 software.
Measurement data were described as x=s, and t-test was
used for intergroup comparison; enumeration data were
described as frequency (n), and chi-square test was
applied. Pearson correlation analysis was performed to
evaluate the correlation between serum miR-212-5p and
miR-576-5p expression levels in CRC patients.
Multivariate Cox regression analysis was used to identify
factors influencing the prognosis of CRC patients.
Receiver operating characteristic (ROC) curves were
plotted to assess the early diagnostic value and prognostic
predictive efficacy of serum miR-212-5p and miR-576-5p
levels for CRC. P<0.05 was considered statistically
significant.

2 Results

2.1 Comparison of serum miR-212-5p and
miR-576-5p expression between the two groups

The results of qRT-PCR showed statistically
significant differences in serum miR-212-5p and
miR-576-5p expression between the two groups (P<0.05).
Compared with the control group, the expression level of
serum miR-212-5p was decreased, while the expression
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level of miR-576-5p was increased in the observation
group (P<0.05). [Table 2]

Tab.2 Comparison of the expressions of serum miR-212-5p and
miR-576-5p between two groups ( X =s)

Groups Case miR-212-5p miR-576-5p
Control group 50 1.02+0.24 1.00+0.23
Observational group 117 0.76+0.21 1.37+0.31

t value 7.016 7.589

P value <0.001 <<0.001

2.2 Comparison
miR-576-5p expression
different prognoses

of serum miR-212-5p and
in CRC patients with

There were statistically significant differences in
serum miR-212-5p and miR-576-5p expression between
patients with different prognoses (P<0.05): compared
with the survival group, the death group showed lower
serum miR-212-5p expression levels and higher
miR-576-5p expression levels (P<0.05). [Table 3]

Tab.3 Comparison of serum miR-212-5p and miR-576-5p
expressions in CRC patients with different prognostic outcomes

(X +s)
Groups Case miR-212-5p miR-576-5p
Survival group 91 0.82+0.21 1.28+0.26
Death group 26 0.55+0.17 1.69+0.37
t value 6.011 6.413
P value <<0.001 <0.001

2.3 Correlation between serum miR-212-5p and
miR-576-5p levels in CRC patients

Pearson correlation analysis revealed a significant
negative correlation between serum miR-212-5p and
miR-576-5p expression levels in CRC patients (r=-0.598,
P<0.05). [Figure 1]

50 100 150 200 250
miR-576-5p

Fig.1 Correlation of serum miR-212-5p and miR-576-5p levels
in patients with CRC

2.4 Relationship between serum miR-212-5p and
miR-576-5p  levels  and  clinicopathological
characteristics of CRC patients

Using the mean expression levels of serum
miR-212-5p and miR-576-5p as the cutoff value, CRC
patients were divided into miR-212-5p high-expression
group (n=54) and miR-212-5p low-expression group
(n=63), as well as miR-576-5p high-expression group
(n=61) and miR-576-5p low-expression group (n=56).
There were statistically significant differences between
the high-expression and low-expression groups of
miR-212-5p and miR-576-5p in terms of TNM staging
and lymph node metastasis (P<0.05). [Table 4]

Tab.4 Relationship between serum miR-212-5p and miR-576-5p levels and the clinicopathological characteristics of patients with
CRC [case (%)]

miR-212-5p )2 p miR-576-5p , P
Clinical charaterristics n High expression  Low expression High expression Low expression £
(n=54) (n=63) value value (n=61) (n=56) value value
Gender
Male 64 30 (55.56) 34 (53.97) 0.030 0.860 33 (54.10) 31 (55.36) 0.019  0.891
Female 53 24 (44.44) 29 (46.03) 28 (45.90) 25 (44.64)
Age (years)
<60 67 30 (55.56) 37 (58.73) 0.120 0.729 35 (57.38) 32 (57.14) 0.001 0.980
=60 50 24 (44.44) 26 (41.27) 26 (42.62) 24 (42.86)
Tumor location
Colon 73 33 (61.11) 40 (63.49) 0.070 0.791 38 (62.30) 35 (62.50) 0.001 0.982
Rectum 44 21 (38.89) 23 (36.51) 23 (37.70) 21 (37.50)
Tumor diameter (cm)
<5 61 29 (53.70) 32 (50.79) 0.099 0.753 31 (50.82) 30 (53.57) 0.089  0.766
>5 56 25 (46.30) 31 (49.2D) 30 (49.18) 26 (46.43)
TNM staging
Stage I-1T 53 19 (35.19) 34 (53.97) 4.140 0.042 35 (57.38) 18 (32.14) 7.503 0.006
Stage III-IV 64 35 (64.81) 29 (46.03) 26 (42.62) 38 (67.86)
Differentiation degree
Poorly differentiated 39 17 (31.48) 22 (34.92) 0.155 0.694 20 (32.79) 19 (33.93) 0.017  0.896
Moderately/well 78 37 (68.52) 41 (65.08) 41 (672D 37 (66.07)
differentiated
Lymph node metastasis
Yes 31 9 (16.67) 22 (34.92) 4.975 0.026 11 (18.03) 20 (35.71) 4.687  0.030
No 86 45 (83.33) 41 (65.08) 50 (81.97) 36 (64.29)

2.5 Diagnostic value of serum miR-212-5p and
miR-576-5p levels in early-stage CRC

ROC curve analysis was performed with the presence of
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CRC (no=0, yes=1) as the state variable and serum
miR-212-5p and miR-576-5p levels as independent variables.
The results showed that the area under the curve (AUC)
values for individual and combined diagnosis of CRC by
serum miR-212-5p and miR-576-5p were 0.764 (95%CI:
0.692-0.826), 0.827 (95%CI: 0.760-0.881), and 0.907 (95%ClI:
0.853-0.947), respectively. Moreover, the combined detection
was superior to individual detection of miR-212-5p and
mlR'576'5p (Zcombination-miR-ZIZ-Sp :39027
Z combination-mir-576-55=3.170, P<0.05). [ Table 5 & Figure 2]

2.6 Influencing factors of CRC prognosis by
multivariate Cox regression analysis

Multivariate Cox regression analysis was performed with
death within 3 years in patients with CRC as the dependent
variable and TNM staging, lymph node metastasis,
miR-212-5p, and miR-576-5p as independent variables. The
results showed that TNM staging, lymph node metastasis, and
elevated miR-576-5p were risk factors for death in CRC
patients (P<0.05), while decreased miR-212-5p was a
protective factor for death in bladder cancer patients (P<0.05).
[Table 6]

2.7 Predictive efficacy of serum miR-212-5p and
miR-576-5p levels for CRC prognosis

ROC curve analysis was performed with the prognostic
survival status of CRC patients (survival=0, death=1) as the
state variable and serum miR-212-5p and miR-576-5p levels
as independent variables. The results showed that the area
under the curve (AUC) values for individual and combined
prediction of death in CRC patients by serum miR-212-5p and
miR-576-5p were 0.861 (95%CI: 0.785-0.918), 0.720 (95%CI:
0.630-0.799), and 0.937 (95%CI: 0.877-0.974), respectively.
Moreover, the combined detection was superior to individual
detection of miR-212-5p and miR-576-5p
(Zcombination—miR-212-5p:2«460, Z combination- miR-576—5p:4~377, P <005)
[Table 7 & Figure 3]

Tab.5 The early diagnostic value of serum miR-212-5p and
miR-576-5p levels for CRC

Sensitivity Specificity Youden Cut-off

Item AUC  95%cCI

(%) (%) index value
miR-212-5p 0.764 0.692-0.826  88.03 56.00 0440 092
miR-576-5p 0.827 0.760-0.881  72.65 8200 0547  1.19
Combined 50, (9530047 8205 9200 0.741 .
detection

g

Sensitivity(%)

—— miR-212-5p
—— miR-576-5p
—— Combination

PR N R RS N S R S|
0 20 40 60 80 100

100-Specificity (%)

Fig.2 ROC curves of serum miR-212-5p and miR-576-5p
levels in the diagnosis of CRC

Tab.6 Multivariate Cox regression analysis of influencing
factors of prognosis of CRC

Influenci P R
nfluencing ) SE Wazld 0. 959%CI
factors X value  ratio

INMstage (516 0241 4592 0032 1676 1.045-2.688
LIV

Lymph nod

YIPRROGE 768 0357 4631 0031 2156 1.071-4340
metastasis

miR-212-5p 0543 0209 6750 0.009 0581  0.386-0.875
miR-576-5p  0.499 0179 7778 0.005 1.647 1.160-2.340

Tab.7 The predictive efficacy of serum miR-212-5p and
miR-576-5p levels for the prognosis of CRC

Sensitivity Specificity Youden Cut-off

Ien AUC (%) (%) index  value

95%CI

miR-212-5p 0.861 0.785-0.918  96.15 58.24 0.544 0.80
miR-576-5p 0.720 0.630-0.799  53.85 82.42 0.363 1.64
Combined

R 0.937 0.877-0.974  88.46 93.41 0.819 -
detection

Sensitivity (%)

—— miR-212-5p
—— miR-576-5p
—— Combination

e | 1 1 1 1
o 20 40 60 80 100

100-Specificity (%)

Fig.3 ROC curves of serum miR-212-5p and miR-576-5p levels
for predicting the prognosis of patients with CRC
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3 Conclusion

CRC, one of the most prevalent malignancies in the
digestive system, has shown rising global incidence and
mortality, with its age distribution gradually shifting toward
younger populations [12]. Early-stage CRC often lacks
significant specific symptoms, and its latent period during
disease progression can exceed 10 years, posing major
challenges to early identification and intervention [13]. The
development of CRC is influenced by epigenetic regulatory
mechanisms, among which miRNA play a critical role as core
regulatory factors [14]. Extensive research has demonstrated
that miRNAs take the potential as diagnostic biomarkers for
various tumors and diseases [15].

miRNAs, acting as tumor suppressors or oncogenes,
participate in regulating key biological processes,
including cell proliferation, apoptosis, chemoresistance,
and angiogenesis [16]. Therefore, miRNAs are promising
biomarkers for early diagnosis, prognostic assessment,
and personalized treatment of CRC. miR-212-5p, a
member of the miR-212 family, has been proven to act as
a tumor suppressor in multiple cancers. Downregulation
of its expression is often closely associated with
malignant behaviors such as accelerated tumor cell
proliferation, enhanced invasiveness, and increased
metastatic capacity [17]. Studies have found that
downregulated miR-212-5p effectively inhibits the
migration and invasion of CRC cells by promoting the
upregulation of SMAD4 [18]. Consistent with these
reports, our study revealed that serum miR-212-5p
expression levels in the observation group were lower
than those in the control group, and levels in the death
group were lower than those in the survival group. These
findings suggest that low serum miR-212-5p expression
is closely related to CRC progression. Further analysis
showed that miR-212-5p expression levels were
significantly associated with the TNM staging and lymph
node metastasis, indicating its potential involvement in
CRC metastasis. ROC curve analysis indicated that the
AUC of serum miR-212-5p expression for predicting
CRC prognosis was 0.861. When serum miR-212-5p
expression is below 0.80, it suggests a higher likelihood
of poor CRC prognosis, prompting clinicians to adjust
treatment regimens promptly to reduce adverse outcomes
and provide references for preventing disease
progression.

miR-576-5p, another member of the miRNA family,
has been reported in previous studies to exhibit oncogenic
effects [19]. Zhang et al. [20] reported that miR-576-5p
expression is significantly upregulated during the
pathological progression of esophageal carcinoma,
making it a potential prognostic marker for assessing
disease progression. Luo et al [21] observed high
miR-576-5p expression in CRC cells. Consistent with
these findings, our study found that serum miR-576-5p
expression levels were significantly elevated in CRC
patients compared to healthy controls, and were closely
associated with TNM staging and lymph node metastasis.
Moreover, miR-576-5p levels were higher in the death
group than in the survival group. These results suggest

that miR-576-5p levels are involved in CRC progression
and correlate with poor prognosis. ROC curve analysis
further revealed that the AUC of serum miR-576-5p
expression for predicting CRC prognosis was 0.720.
When serum miR-576-5p expression exceeds 1.64, it
indicates a higher risk of poor CRC prognosis,
necessitating early adjustment of treatment strategies and
preparation for countermeasures.

Further analysis demonstrated a negative correlation
between serum miR-212-5p and miR-576-5p expression
levels in CRC patients, and both were closely associated
with TNM staging and lymph node metastasis. TNM
staging is a key indicator for assessing the severity of
CRC [22], while lymph node metastasis is an important
predictor of poor prognosis [23]. These findings suggest
that miR-212-5p and miR-576-5p may participate in CRC
progression and hold promise as novel indicators for
evaluating CRC malignancy and predicting prognosis.
ROC curve analysis further confirmed that both
individual and combined detection of miR-212-5p and
miR-576-5p exhibited high diagnostic value, with the
AUC of combined detection reaching 0.907, significantly
higher than that of individual detection. Additionally, this
study explored the potential value of serum miR-212-5p
and miR-576-5p in CRC prognostic assessment. ROC
curves further validated their role in predicting CRC
patient prognosis, with the combined AUC for predicting
death reaching 0.937, indicating excellent predictive
efficacy. Collectively, these results highlight the critical
role of serum miR-212-5p and miR-576-5p in CRC
diagnosis and prognosis prediction.

In summary, decreased serum miR-212-5p
expression and increased miR-576-5p expression in CRC
patients are factors influencing CRC prognosis, and both
are promising effective indicators for diagnosing CRC
occurrence and predicting patient survival. However, this
study has limitations, including a relatively small and
single-center sample size, and a lack of in-depth
exploration of the specific molecular mechanisms. Future
research should expand the sample size, integrate
molecular biology experiments and bioinformatics
analysis, and further investigate the mechanistic roles of
miR-212-5p and miR-576-5p in CRC development, as
well as their potential value as biomarkers.
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miR-212-5p MlmiR-576-5p FE45 B e fe & g
PRI K HIE IR R

/FIJJ’%’ 4"‘:‘\_}%}1‘7 jlj EN
ZZRE W —EREA =R IERL, Wt 2225 066000

HE. BB 7055 0N RNA (miR ) -212-5p Fl miR-576-5p 75 45 B 8 I35 o 7K P K FUS 60 11 R A (8 .
Fik EEE201944 A £ 2021 4F 4 F B2 BT —BEFIGA T 117 G125 59 B3 CRERAL) FiARS 1 50 4]
S AR I Ot IR VR R G, ARG Bl 3 48, i st AR TS AR AER DL o F Bl 285 R s A AP DA 45 LY
P B 0 AR (n=91) FIFET-4H (n=26) . SEHF 90 11k PCR(qRT-PCR) A E #5 2H L 74 miR-212-5p Fl miR-
576-5p ik 1 5 Pearson 143 BT 4% B A8 FB 34 ILTE miR-212-5p .miR-576-5p Fik /K-l (AR S ; AT L7 miR-
212-5p .miR-576-5p 5 £ 3 Wi A HARFAE 22 1] 1) 26 3R 5 223038 TAERFHE (ROC) HTZ PFAf I 3 miR-212-5p .miR-
576-5p X 45 EL AR T2 I (8 S R BORcRE . Z65R S RRATAR LE ST I miR-212-5p ik K-
A, miR-576-5p F ik KM T35 (P<0.05) 5 5 A AFAUHT He L BT 41 L7 miR-212-5p Fe ik /KF T A, miR-576-5p
FIRKF B (P<0.05) o 45 ELIW i B ML miR-212-5p 15 miR-576-5p kK- 1 i 3% 5 56 (7=-0.598, P<
0.05) ; 45 B g 9 R34 I8 miR-212-5p \miR-576-5p /K 55 H 38 1 TNM 43309 R4S G bk 2 45 76 % 2 D) A 2 (P<
0.05) ; IfiL 7 miR-212-5p Fl miR-576-5p H Al K Bk 12 W7 45 1 9 1 il 21 1 FL(AUC) 433 ) 0.764.,0.827
0.907 , LA AR T =3 B IAGE I (Z — e wiv2-9=3.902, Z — et -mines76.5,=3.170 , P<0.05) 5 IfiL 3 miR-212-5p fll
miR-576-5p B K% 16645 00 45 1% 0 FR 35 FE T 19 AUC 43 51547 0.861,0.720 . 0.937 , 64 A6 M A1 T — 3 B 4
M (Z —strminains,=2.460, Z “spminsios,=4.377,P<0.05) . €518 &5 E M A 1E miR-212-5p FAFEIT, miR-576-5p
FERTHE, B T 2 B 0 R RS SR A AR

XREEIR : 45 EIRE; WU RNA-212-5p; /) RNA-576-5P; 12185 Hifs

FESEKS: R73534 XEAARIRME: A XEHS: 1674-8182(2025)07-0999-06

Expression levels of miR-212-5p and miR-576-5p in the serum of colorectal

cancer patients and their relationship with prognosis
HE Feng, NIU Zhixin, LIU Shuang
General Surgery Department 1l (Colorectal Department), First Hospital of Qinhuangdao , Qinhuangdao, Hebei 066000, China
Abstract: Objective To analyze the levels of serum microRNA (miR)-212-5p and miR-576-5p in colorectal cancer
(CRC) patients and their clinical value in prognosis. Methods A total of 117 CRC patients (observation group)
admitted to First Hospital of Qinhuangdao from April 2019 to April 2021 and 50 healthy volunteers (control group)
were enrolled as subjects. Postoperative follow-up was conducted for 3 years to record the survival outcomes of the
patients. According to the survival status at the end of the follow-up, the patients with colorectal cancer were divided into
survival group (n=91) and death group (n=26). The real-time fluorescence quantitative PCR (qRT-PCR) was used to
measure the expression levels of serum miR-212-5p and miR-576-5p in each group. Pearson’s correlation test was
employed to analyze the correlation between the expression levels of serum miR-212-5p and miR-576-5p in CRC
patients. The relationship between serum miR-212-5p, miR-576-5p levels and the clinicopathological characteristics of

the patients was examined. Receiver operating characteristic (ROC) curve analysis was used to evaluate the early

DOI: 10.13429/j.cnki.cjer.2025.07.005
HEETH : 25 RAH AR S &R (201902A137)
YRR B EA: 2025-07-20
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diagnosis value and prognostic predictive efficacy of serum miR -212-5p and miR-576-5p in colorectal cancer.
Results  Compared with the control group, the expression level of serum miR-212-5p in the observation group was
decreased, while the expression level of miR-576-5p was increased (P < 0.05). Compared with the survival group, the
death group exhibited lower serum miR-212-5p expression and higher miR-576-5p expression (P < 0.05). Serum miR-
212-5p and miR-576-5p levels in CRC patients showed a significant negative correlation (r=—0.598, P<0.05). The
serum levels of miR-212-5p and miR-576-5p in CRC patients were closely associated with TNM stage and lymph node
metastasis (P < 0.05). The area under the curve (AUC) for serum miR-212-5p and miR-576-5p individually and in
combination for diagnosing CRC were 0.764, 0.827, and 0.907, respectively, with the combined detection outperforming
each individual detection (Zeomimion iz 212-55=3.902, Zeomtinsion mits76.5=3.170, P<0.05). The AUC for predicting CRC patient
mortality using serum miR-212-5p and miR-576-5p individually and in combination were 0.861, 0.720, and 0.937,

respectively, with the combined detection outperforming each individual detection (Zemimionmin212:55=2-460, Z onpinaion-mit-s76-5=

4.377, P<0.05). Conclusion Serum miR-212-5p expression is reduced and miR-576-5p expression is increased in

CRC patients. The combination of these two can provide clinical evidence for early diagnosis and prognosis of CRC.

Keywords: Colorectal cancer; microRNA-212-5p; microRNA-576-5p; Diagnosis; Prognosis

Fund program: Qinhuangdao Science and Technology Research and Development Program (201902A137)

45 B 2 BRI LN A R AR T 2R 4 Fa i
G ) TH Ak FR GE R bR = — , LA B AE R v [
FAEBAE LI RS IR 0 & i L o PR
WG R LS FREM, W08 58 R W R IR
ER® . Ak, i s BRI 5897 ik
Ak, 25 e A AL T S 7E BRI T Py S 30 Hh AU Y
TRERED, Hit, Rk FREEFELE
B, SR B G T- BEAE S5 BV P i 4 0 i e % il
JE VEAG PR A R U SRR B R A )RR iR
IR A AR & AR AN — A . 1/ RNA
(microRNA, miRNA, miR)fF —28 L4005 RNA , 7145
B R e R A AR i
t miRNA K HAG 5 TR RS PR S e Bl R
I FHA A, BRI IR A 58 A HUS . miR-212-5p 4
R FRE ) R A R, e T A E S A5 B
T AL R I MIOE , H miR-212-5p (KK -1E
S E AR P R B R 0
PR T AR S B i i R T A iR T R
miR-576-5p W75 ZFp 2R s b R B R A g v 0, F
9% & B miR-576-5p 7545 . S8 5 vh s R0k, 2k
PSS B AR T BT, IR AR OE T miR-212-
5p Fl miR-576-5p B4 TN 45 B M 9 005 A AR DG4
AR, T, A5 2 23 B miR-212-5p il miR -
576-5p TE4S HL R ek AR Ak R L e kA= T
JE W5 Z , VAN 45 B 9 (12 W e TG PEAS $R 4t
PR

1 HZBRSHE

L1 —fsort X R AT C A I 5y 2t it

e BEALS- (2019H026) , #EHX 2019 4F 4 ] 2 2021 4 4
%% 8 By — BB Oa 19 117 B 25 5 i B & AE
FEFEAL, Feh 5 64 49, 4 53 491, A% (51.97+9.53)
%o SIABRUE: (1) FFG 45 A SO2 bR e,
ZRERIS 5 (2) AZHRTRIRZ I SEin sy T30, R
ZWEHATT L 2590057 ; (3) Hi>18 25 (4) i)
PR IR B T 1 ~IV I 5 (5) I R k58
%5 (6) BEWHE, AAIR, BEZRE. HBRbR
#E: (1) &I HAb B 5 (2) FEBEA B O
JUE I 25 B S 2R D RER T 4 5 (3) B IF /™ E gy
SE RV A B S VB 5 (4) AEURIH s L
WA ; (5) BIFHAMENEMIE & . 5 IR A
14 50 B R S VR AT BEA, £ UARHE PRI T IE R
TWEIZ . Hoh B 3241, 4 18], AR (51.37£9.14) % .
PIAAPER A0S 22 5 e ge i 2 L (P>0.05) .

12 AR5k

121 SERFSEEE it 545 B 5% I 1 (quantitative re-
verse transcriptase polymerase chain reaction,RT-PCR)
PG I 7 miR-212-5p Fl miR-576-5p A X% # ik 7k
Vo SRR 2 E T R A KL 3 mL, B0 AL
H 10 min 5B )2, & TIOR8
| F Trizol Total RNA $&HGR 57 & ( F i BB A= ¥R
HA IR W), 525 KL001) ML FEAS Fp 23
RNA. ffi FHEE AN B BT HIN i RNAFE 5 A W
(AR ISR L T EE , Ao/ Avso FUIELAE 1.7~2.1
R o e R s R [ AR A= Rk (I
FO)ARAF, 525 : AORT-0100 38054 S50 1k H 9 5L
RNA. #% 18 qRT-PCR G & (_Fif 7 A= BRA IR AT
BN A, 585 : BR1000207) it B S W AR &, IF7E qRT-
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PCR 2 HUATPCRY 3 . [N FEJP IR E 47 :95 CTil
A5 2 min, 95 CAE M 15 5,60 CiB k30 s, 72 CHE
fif130 s, AT 40 MEH . UAE NS EE N7
FrUEAL , 2R A 2744 8535 miR-212-5p .miR-576-5p [
AT FRIBAK o B 5197 5134 B NCBLiZ I, 352
i AR TR (R0 ) e A7 BRA /i A T4 B, AR 7
FIEEIE L,

122 WIRFFIEIREE i A 1 GBI PR AR
AL 35 I RE 07 B (25 17 73 6], B0 44 61)) R ELAR
(<5 em 6147 ,=5 em 56 5] ) TNM 43 1 ( 1 ~ 11 # 53
i, M~V 3 64 5] ) 43 AL A& BE (MR 431k 39 1], Hh i 43
k.78 151) LA K AT Tobk L 45546 4% CF bk T 2554 78 31 441],
Tk EL 455475 86 4] .

123 Ffiy; PrfBE R TI2E L S RIEkTT, 4
T3 R 0 3 A A 5 BRI, T 10 SR AR A I LS A A
ARBE ., BV E I 1]y 2024 4E 3 F |, JE T TS AR FEAR
DB BB RN A (n=91) 5HET-4H (n=26) .

13 %tk R SPSS 27.0 # A4 b HE &I
THEGORN s $538 , ] LR o G360 5 TR R}
FBREE A, R KEE . Pearson 1543 #T 45 B 98
ML miR-212-5p Al miR-576-5p 35 K -2 A Y
A s 45 s /B B TS 12 R R 2 &R
Cox [PHE 4341 5 21 52 108 TAERFIE (receiver operat-
ing characteristic, ROC) i & PEA L7 miR-212-5p

*1

miR-576-5p /K- 45 Bz 98 %) 5 W12 W (8 A i s
FALRE . P<0.05 A2 RA G2 E L.

2 & R

2.1 HAfF miR-212-5p.miR-576-5p kA& qRT-
PCRZ5HR IR, 55X BRAEAH HE , WL A 1ML 3 miR-212-
5p FE kK VR , miR-576-5p F ik K VT (P <
0.05), Wik2,

22 FRRETAE % B & A 7 miR-212-5p . miR-
576-5p & ik sbdx  SAEAFAA G, SET AL E miR-
212-5p ik KF- AR, miR-576-5p 2 ik K- B 5
(P<0.05), WL#%E3.

23 4 HAMREEE B F miR-212-5p . miR-576-5p 7K
F g4 R M 3@ 1 Pearson A M, 45 E IR
HH LT miR-212-5p 5 miR-576-5p ik K - 2 [1]
FEAE B Z R 56 (r=-0.598 ,P < 0.05) . WK 1.
2.4 fri miR-212-5p . miR-576-5p KT 5 45 & 1) %%
BH s KRR X Z LU miR-212-5p .miR-
576-5p FKIRKN-H B B K4 B B
miR-212-5p ik 4 (n=54) Fl miR-212-5p K F 1k 41
(n=63) .miR-576-5p 7 L4 (n=61) Fl miR-576-5p
K#54H (n=56) . miR-212-5p .miR-576-5p = #ik2H
FMILFRIBLLTE TNM 4330 A TCibk L4556 4% 5 1 25 5
AEI#EX(P<0.05), WE4,

51915% 51

Tab.1 Primer sequences

HEH A B iEmG1H(5'—3") w51 (5'—3")
miR-212-5p GCT TAC GCT TCG AGC CCA C GAC ACC ACG GCC CAC TCT GCA
miR-576-5p GCG CGA TTC TAA TTT CTC CAC AGT GCA GGG TCC GAG GTATT
U6 CTC GCT TCG GCA GCA CA AAC GCT TCA CGA ATT TGC GT

R2  PHLIMIE miR-212-5p .miR-576-5p TR HLEE  (rs)

Tab.2 Comparison of the expressions of serum miR-212-5p

and miR-576-5p between two groups  (x#s)
215 %L miR-212-5p miR-576-5p
it B4 50 1.02+0.24 1.00£0.23
Uk & 117 0.760.21 1.37+0.31
tfH 7.016 7.589
PAH <0.001 <0.001
F3  AEBUE S5 B S I miR-212-5p .miR-576-5p
ik (xxs)

Tab.3 Comparison of serum miR-212-5p and miR-576-5p

expressions in colorectal cancer patients with different prognostic

outcomes  (x#s)
245 1% miR-212-5p miR-576-5p
AP 91 0.82+0.21 1.28+0.26
BT 26 0.55+0.17 1.69+0.37
tfH 6.011 6.413
P1H <0.001 <0.001

miR-212-5p

0.50 1.00 1.50 2.00 2.50

miR-576-5p

1 45 H %9 B3 1055 miR-212-5p . miR-576-5p 7K F- 1
A
Correlation of serum miR-212-5p and miR-576-5p levels
in patients with colorectal cancer

Fig.1
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F4 M miR-212-5p .miR-576-5p /K- 545 e B I R B AE O R [61)(%) ]
Tab.4 Relationship between serum miR-212-5p and miR-576-5p levels and the clinicopathological characteristics of patients with
colorectal cancer [case(%) ]
- . iR-212-5p ] miR-576-5p ]
PR G A P — A P
A BEk(ss) | EEkGeey) | X1 B i Bomel) kb XM fi
PE5
ri 64 30(55.56) 34(53.97) 33(54.10) 31(55.36)
0.030 0.860 0.019 0.891
x© 53 24(44.44) 29(46.03) 28(45.90) 25(44.64)
AR
<60 % 67 30(55.56) 37(58.73) 35(57.38) 32(57.14)
0.120 0.729 0.001 0.980
=60 %/ 50 24(44.44) 26(41.27) 26(42.62) 24(42.86)
Jiviga o7
7 73 33(61.11) 40(63.49) 38(62.30) 35(62.50)
i 0.070 0.791 0.001 0.982
s 44 21(38.89) 23(36.51) 23(37.70) 21(37.50)
v B
<5cm 61 29(53.70) 32(50.79) 31(50.82) 30(53.57)
0.099 0.753 0.089 0.766
=5 cm 56 25(46.30) 31(49.21) 30(49.18) 26(46.43)
TNM 433
I~ 53 19(35.19) 34(53.97) 35(57.38) 18(32.14)
4.140 0.042 7.503 0.006
T~V 64 35(64.81) 29(46.03) 26(42.62) 38(67.86)
AR
ok 39 17(31.48) 22(34.92) 20(32.79) 19(33.93)
. 0.155 0.694 0.017 0.896
NV 78 37(68.52) 41(65.08) 41(67.21) 37(66.07)
WRELLEEERS
Kl 31 9(16.67) 22(34.92) 11(18.03) 20(35.71)
4.975 0.026 4.687 0.030
I 86 45(83.33) 41(65.08) 50(81.97) 36(64.29)

2.5 o miR-212-5p e miR-576-5p /KT %+ 4 A1 7%
BTG NL DU S S5 B (5=0,/2=1)K
ARZS 784, L3 miR-212-5p A1 miR-576-5p /KF-H
At 4T ROC HIZe 50T . S50 IR, I miR-212-
5p Ml miR-576-5p Bl S I 52 K 4h B g i 26~
1 FH (area under curve, AUC) 43 %) & 0.764 (95% CI :
0.692~0.826) . 0.827 (95% CI: 0.760~0.881) . 0.907
(95%CI:0.853~0.947) , H A AL T miR-212-5p
I miR-576-5p - B AG I (7 — swe s i 5,=3.902,
7 —snetrminstos,=3.170,P < 0.05) . WFE5.F 2,
26 % W F& Cox &35 445 BTG 4% m A
Z  USSiEWE R E 3N RGIET R ARG, L
TNM 233 ik EL 455 FS \miR-212-5p .miR-576-5p Jy F
AT Z N ZR Cox [BIH /34T, 25 R /s, TNM 434
I~ VA bk 45578 \miR-576-5p TH iR e 2 B &
FIET-HISERIN R (P < 0.05) ,miR-212-5p FFE 245 H
£5 M7 miR-212-5p F miR-576-5p KP4 B A Y
H2mmn s
Tab.5 The early diagnostic value of serum miR-212-5p and

miR-576-5p levels for colorectal cancer
BURE FRmE 4E

Wi H AUC 95%CI ) (%) e AR
miR-212-5p  0.764 0.692~0.826 88.03 56.00 0.440 0.92
miR-576-5p  0.827 0.760~0.881 72.65 82.00 0.547 1.19
e oAl 0.907 0.853~0.947 82.05 92.00 0.741 -

[ B EFET- BRI AR (P < 0.05). L3 6.
2.7 o miR-212-5p 2 miR-576-5p /K- %+ 4 &1 5%
TG o Fom 2 at DLSS B R TS A AR T

100
80 |
5
w'j -_
2 40f
3 — miR-212-5p
20F — miR-576-5p
— A
O||||||||||||||||||||

20 40 60 80 100
100-4751% (%)
2 IfE miR-212-5p Fl miR-576-5p /K 12 W4k B (1
ROC ik
Fig.2 ROC curves of serum miR-212-5p and miR-576-5p

levels in the diagnosis of colorectal cancer

R6  ZINE Cox [MIA7M T4 B TS IR M 2R
Tab.6  Multivariate Cox regression analysis of the influencing

factors of prognosis of colorectal cancer

[H# B SE Waldy P OR{E  95%CI

TNMZMBTI~IVI  0.516 0.241 4.592 0.032 1.676 1.045~2.688
N mEeRE 54 0.768 0.357 4.631 0.031 2.156 1.071~4.340
miR-212-5p -0.543 0.209 6.750 0.009 0.581 0.386~0.875
miR-576-5p 0.499 0.179 7.778 0.005 1.647 1.160~2.340
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(A A7=0, 3L T2=1) JPRAEAL i, 175 miR-212-5p
miR-576-5p K-V B 728 &, 47 ROC fiZe o0 ir . 45
IR, ML miR-212-5p Al miR-576-5p B K B4
T 45 B HE SET 0 AUC 43518 0.861(95%C -
0.785~0.918) . 0.720 (95% CI: 0.630~0.799) . 0.937
(95%CI: 0.877~0.974) , HLEX A AL T miR-212-5p
1 miR-576-5p — F FEIMAG I (Z s 5 win2i5,=2.460
VA :ﬁg]gg,mm,sm,jl,:é‘-.377 ,P < 005) o IJ_LI,%‘:_{ 7 N Izi{l 30
R7T M miR-212-5p F1 miR-576-5p K- X545 B i BUR 1
TRk e
Tab.7 The predictive efficacy of serum miR-212-5p and miR-
576-5p levels for the prognosis of colorectal cancer
HURE FERE 4%
@) () g Tl
miR-212-5p 0.861 0.785~0.918 96.15 5824 0544  0.80
miR-576-5p 0.720 0.630~0.799 53.85 8242 0363 1.64
BRI 0937 0.877~0.974 8846 9341 0819 -

iH AUC 95%CI

100
80 |
& 60
=
L aof
— miR-212-5p
20 — miR-576-5p

r — AR
Onnnlnnnlnnnlnnnlnnnl
20 40 60 80 100
10045515 (%)
3 I miR-212-5p Fl miR-576-5p KE- TN 45 B 1
HE T ROC 2k
Fig.3 ROC curves of serum miR-212-5p and miR-576-5p

levels for predicting the prognosis of colorectal cancer

S5 E M IREAE T AL 2 G0 S0 i A7 7 1) S ik
Joi 22—, HL A BRI Bl P 19 R 401 3 R S0 BE 38 1 2 R
W B TR, FLARBEI 1) I3 AF 5 245 4 74 1 1) 4 4%
EAR S RUSE B W 6= 3 R R
AR, FHope s R (R Y DR B mT R AT 10 47, A5 11
RN S R R T I N2 S A A L 78 e O R e
FBALRPERLE A FE T, o miRNA VR AR
Rl B2 KA R R, miRNA H
AR ZFIEERE R RIS Wibr g 1

miRNA REE 1y g 1 il X 7 sl 2k N, 2 5
P — R AN A Y AR R AN s L A R T
DL R ARTT 25 250 L AE AR A . IR, miRNA
JE4E H L U PEAL AR IR YT 1)

EI T A FR S . miR-212-5p /F N miR-212 %%
T — B3, BBk UE S E 22 Bl e Hh 4oy Y 98 90 il
T A, R IR KT I I8 5 e 4 R g sk A=
2Nk 3G 5 K L R fig 4R R SR T R UIAR G
WFFEF W], miR-212 38 0 # ik o 2 4F B -1
(neuropilin-1, NRP1) F R & 15 A0 G2 i 2, Ik
—E L AT Y 5 AR RE AR, A
ST P &30, MLEEAH ML miR-212-5p ik K AR T
Xof BRZH, A6 T4 M5 miR-212-5p ik KPR T A%
4, FEH I3 miR-212-5p (K28 3k 5 45 15 i 9 s 1 1k
B BAT—5EFF . miR-212-5p kK5 % TNM
G ILL R ok A5 5 A5 DI ARG  HEM AT e S 5
S R R R EIERE , ROC 2R 1E— 4 70 i
7i , MLE miR-212-5p 238 KF- 7 45 B g 9 B 1Y
AUC 9 0.861, 24 IfiL I miR-212-5p FE ik KA T 0.80
B, B8 25 B TS AN R AT BB, B Uil A BA
Jof N BRI VAT 58 R TIUG AN R, R B i6 i 1
fefefit—E 2%,

miR-576-5p [AFEVE  miRNA SEE ) — 51, BEERE
FRM miR-576-5p H A7 — & ML E1E A" . Zhang
SO HGE AR R R B R P, miR-576-5p
ZRIRACE 3 BT, AT AR R R AE B B bR S v
BB BRE PR IERE . Luo % W5 HiiH , 7F
45 L1 90 A M UL %€ ] miR-576-5p W = Kk, 5
AW HE AL, AR ST R B, (R T B4 A
L, 45 T i FR 3 IS P miR-576-5p Rk KV B
Fhi, 55 TNM 2030 DL RAT TGk B 45 54 7% 2% DT
5K, S, FET- 4145 B R 3 I3 o miR-
576-5p B KK 5 o HEM miR-576-5p /K2
HE5EERN i, SERETEARBA—EX
# o ROC & iE—2 2 Hr B, 13E miR-576-5p 3=
I8 K F-FU 25 5 g 9 TS 9 AUC 24 0.720, 24 137
miR-576-5p ik K5 T 1.64 B, 42 78 45 15 9 7
JE AN R B AT BE M, 4 TR AR 58 AN gk
FE it

2550 Fr i, 45 B e F A IS miR-212-5p
5 miR-576-5p ik KPR A, H = 15 KF
55 TNM AR Ttk L 4556 R % DA G . TNM
Gy WAL 2 B IS ™ B R A DGR R AR i
WL ZEFERL NS G TG AN R EZ I H R, 42
75 miR-212-5p Fl miR-576-5p A] RS 5 4% 1 W Jea i ik
JRE LR, AT R PEAN S5 B i W A R R S
WU A HTE bR . ROC #i £k iE— 20 & B, miR-212-5p
FImiR-576-5p BRI -G 4G I 15 2R 0 HE s 1 12 i
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Wr(E, HIBCA R AUC 35 5] 0.907, i 25 5 T8k
Rl BEAh  ABFFEEIRYT T IE miR-212-5p FlmiR-
576-5p 145 i 1 PFAL AV ZEA B . ROC i
2R JE— A UF 52 miR-212-5p A miR-576-5p 7E TN 45 E
i e B T PP BOAVE FH, — 38 RS T &% 1 9o SR
FHET-HY AUC 155 0.937, Y7 H % =5 B9 T 25 R
P b 28 BB 1M % miR-212-5p Fl miR-576-5p 1E4%
ELAIE 2 B AT b & P E A

2R TR, 45 B R OB I TP miR-212-5p 1Y
FERKE TR, T miR-576-5p B IA K ETHE , h4h
B UG 2 E R, —E A B2 W B
Pt R A FITIUIN £ A ARG OO A S bR . (HARBIFSRE
FEAC AR A PR — , FR IR AR T H LR 1) 4y
FHL o ARMFFE A — B KA R, 456
T2 S ARG B 2200 R AT miR-212-
5p Fl miR-576-5p TE45 B & A & e v i Ve AL
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