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Abstract. - OBJECTIVE: To explore the clin-
ical significance of circ-MTHFD2 in the diagno-
sis, pathological staging, and prognosis of non-
small cell lung cancer (NSCLC).

PATIENTS AND METHODS: A total of 100
pairs of cancer tissues and adjacent tissues
were surgically removed from NSCLC patients
treated from July 2011 to January 2013 in our
hospital were selected. All tissue samples were
pathologically confirmed. Real Time-Polymerase
Chain Reaction (qRT-PCR) was adopted to de-
tect the expression of circ-MTHFD2 in NSCLC
samples and its characteristic as a circular ribo-
nucleic acid (circRNA). The receiver operating
characteristic (ROC) curve was drawn to deter-
mine the diagnostic potential of circ-MTHFD2 in
NSCLC. The relationship between circ-MTHFD2
expression and the clinical characteristics of
NSCLC patients was analyzed by the x?-test. Ka-
plan-Meier survival curves were depicted to as-
sess the prognostic potential of circ-MTHFD2 in
NSCLC. The effect of circ-MTHFD2 on the over-
all survival rate of NSCLC patients was uncov-
ered by introducing the Cox proportional haz-
ards model.

RESULTS: The expression of circ-MTHFD2 in
cancer tissues of NSCLC patients was higher
than that in adjacent tissues (p<0.05), and there
was no remarkable difference in the expression
of circ-MTHFD2 before and after RNase R diges-
tion (p>0.05). The area under the curve (AUC)
of circ-MTHFD2 ROC was 0.701, with the cut-off
value of 3.534, 90% sensitivity and 71% speci-
ficity. Circ-MTHFD2 expression was closely as-
sociated with smoking history, tumor size, tu-
mor-node-metastasis (TNM) stage, lymph node
metastasis, and recurrence in NSCLC patients
(p<0.05). The prognosis of NSCLC patients with
high expression of circ-MTHFD2 was evident-
ly poorer than those with low expression. High
expression of circ-MTHFD2 was an indepen-
dent risk factor affecting the prognosis in NS-
CLC (p<0.05).

CONCLUSIONS: The high expression of circ-
MTHFD2 has clinical significance in the diagno-
sis, pathological staging, and prognosis of NS-
CLC.
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Introduction

Lung cancer is a malignant tumor with the
highest cancer-related morbidity and mortality
rates in the world, which poses a serious threat to
human life and health'. Non-small cell lung can-
cer (NSCLC) accounts for 85% of all lung cancer
cases, including large cell lung cancer, squamous
cell carcinoma, and adenocarcinoma. Although
significant progress has been made in surgical
treatment, radiotherapy, and chemotherapy, the
prognosis of NSCLC patients is still poor, and
their 5-year survival rate is as low as 15%?. Due
to the lack of evident clinical symptoms and ef-
fective screening programs, most of the NSCLC
patients are diagnosed in the middle or late stag-
es, with unfavorable prognoses’. With the rapid
development of molecular diagnosis in recent
years, effective molecular diagnostic markers that
contribute to early detection and timely treatment
of NSCLC can improve the prognosis of affected
patients.

Circular ribonucleic acids (circRNAs) are en-
dogenous, non-coding RNAs (ncRNAs) formed
by reverse splicing. They are featured with closed
cyclic structures linked by covalent bonds with-
out 5’- and 3’-ends*. CircRNAs are ubiquitous in
human cells and more stable than linear RNAs.
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In addition, they have certain tissue specifici-
ty and cell development, which enable them to
be utilized as diagnostic biomarkers for human
diseases®’. CircRNAs, interact with microRNAs
(miRNAs), synergistically regulate protein trans-
lation, thus participating in post-transcriptional
regulation of cancer. Abnormally expressed cir-
cRNAs are closely related to tumor occurrence
and development, as well as malignant degree and
prognosis®’. It is reported that hsa-circ-007950 is
significantly upregulated in NSCLC tissues and
the area under the receiver operating characteris-
tic (ROC) curve is 0.756, indicating its diagnostic
potential in NSCLC. Moreover, other circRNAs
can be employed as biomarkers for determining
the staging and prognosis of NSCLC'. This study
uncovered clinical significance of circ-MTHFD2
in the diagnosis, pathological staging, and prog-
nosis of NSCLC.

Patients and Methods

General Information

A total of 100 pairs of cancer tissues and ad-
jacent tissues (> 3 c¢cm) were surgically removed
in NSCLC patients treated in our hospital from
July 2011 to January 2013. All patients were
selected according to guidelines of the World
Health Organization (WHO) and the Interna-
tional Association for the Study of Lung Cancer
(IASLC)". There were 59 males and 41 females
recruited, aged 29 to 76 years old, with a me-
dian age of 59 years old. Based on histological
classification, there were 35 cases of squamous
cell carcinoma, 58 of adenocarcinoma, and 7 of
others. Classified by tumor size: 66 cases were <
3 cm, and 34 were > 3 cm. There were 25 stage
I patients, 39 stage 11, and 36 stage 111 according
to the tumor-node-metastasis (TNM) staging. 64
cases had smoking history and 39 cases had
lymphatic metastasis. This study was approved
by the Ethics Committee of The First Affiliated
Hospital of Xi’an Jiaotong University. Signed
written informed consents were obtained from all
participants before the study.

Methods

The medical records of the patients were col-
lected, including age, gender, family history,
smoking history, pathological type, pathological
stage, and other information. Patients were fol-
lowed up every 6 months by outpatient service
and telephone call since the surgery was conduct-
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ed until January 2019. The overall survival time
was defined from the date of diagnosis to the date
of death or the last follow-up. Patients who were
suspected of relapse were diagnosed in time by
biopsy.

Materials

Reagents: reverse transcription kit (from
Promega Corporation, Madison, WI, USA),
SYBR Green quantitative Polymerase Chain
Reaction (qQPCR) fluorescent mixture (Beijing
BLKW Biotechnology Co., Ltd., Beijing, China),
RNase R (Epicenter Science and Biotechnology
Co., Ltd., Madison, WI, USA), TRIzol (Invitro-
gen, Carlsbad, CA, USA), and primers (Shang-
hai Biological Engineering Co., Ltd., Shanghai,
China).

Quantitative Real Time-Polymerase
Chain Reaction (qRT-PCR)

RNAs in tissues were extracted by phenol/
chloroform method as follows. Tissues were
lysed in 1 mL of TRIzol reagent at room tem-
perature for 20 min, and then, incubated with
20 pL of chloroform for 10 s shaking. After
letting stand at room temperature for 12 min,
the mixture was subjected to centrifugation at
12000 rpm for 15 min at 4°C. The supernatant
was transferred to a new Eppendorf (EP; Ham-
burg, Germany) tube, with the same amount of
isopropyl alcohol added. It was left at room tem-
perature for 10 min, and centrifuged at 12000
rpm for 10 min at 4°C. After washing twice with
75% ethanol and air dried, RNA was diluted in
a proper amount of diethyl pyrocarbonate (DE-
PC)-treated water (Beyotime, Shanghai, China)
and quantified. 1 ug of RNA was mixed with or
without 1 pL of RNase R (20 U/uL) at 37°C for
20 min, and then, washed with RNeasy cleaning
agent. Circ-MTHFD2 primer sequences were:
forward: ATCGTCACTCAGACGGTTGT, re-
verse: TGTCATCGACGTGCGTGTTA; glycer-
aldehyde 3-phosphate dehydrogenase (GAPDH)
primer sequence: forward: GCACCGTCAAG-
GCTGAGAAC, reverse: TGGTGAAGACGC-
CAGTGGA. In accordance to the reverse tran-
scription kit procedure, 1 pg of messenger RNA
(mRNA) was reversely transcribed to comple-
mentary deoxyribonucleic acid (cDNA). Based
on the operation steps of SYBR Green qPCR flu-
orescence mixture reagent kit, cDNA was taken
as a template for real-time fluorescence qPCR
under the reaction conditions at 95°C for 7 min,
and 40 cycles at 95°C for 12 s and 60°C for 40
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Figure 1. Expression of circ-MTHFD?2 in cancer tissues and adjacent tissues.

s. The relative expression of circ-MTHFD2 gene
was calculated via 242 method.

Evaluation Indicators

The score was determined by the relative ex-
pression of circ-MTHFD2: 1 point for 1-3, 2
points for 4-6, 3 points for 7-9, 4 points for 10-12,
and 5 points for 13-15. According to the score,
the ROC curve of the subjects was obtained to
analyze the survival rate. Those below 9 were
classified as low expression group, while those
above 9 were classified as high expression group.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 20.0 software (IBM Corp., Armonk, NY,
USA) was employed for analysis. The measure-
ment data were expressed as mean + standard
deviation, and the counting data were expressed
as percentage. The differences between groups
was verified by the #-test. The correlation be-
tween circ-MTHFD?2 level and the clinicopath-
ologic staging of NSCLC patients was analyzed
by ytest. The survival analysis was performed
via Kaplan-Meier method, and the influencing
factors of survival rate were analyzed with Cox
proportional hazards model. p<0.05 was consid-
ered as significantly different.

Results

Expression of Circ-MTHFDZ2 In Cancer
Tissues and Adjacent Tissues of Patients
With NSCLC

gRT-PCR was used to detect the expression of
circ-MTHFD?2 in cancer tissues and adjacent tis-
sues of NSCLC patients. The results were shown
in Figure 1. Compared with that in adjacent tissues

(1.016+0.028), the expression of circ-MTHFD?2 in
cancer tissues was higher (9.355+0.116), with a
significant difference (p<0.001).

Circ-MTHFDZ Was Resistant to
RNase R Digestion

The special circular structure of circRNAs
explains their resistance to RNase R, while
linear RNAs are easily digested by it. To detect
the circRNA characteristics of circ-MTHFD2,
we detected relative levels of circ-MTHFD?2 and
GAPDH in NSCLC tissues under the induction
of RNase R. As results shown in Figure 2, the
expression of circ-MTHFD2 did not change,
while GAPDH was markedly downregulated
(p<0.05), indicating that circ-MTHFD2 was a
circRNA.
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Figure 2. Circ-MTHFD2 was resistant to RNase R digestion.
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Diagnostic Potential of Circ-MTHFD2

The ROC curve was depicted to evaluate the
role of circ-MTHFD2 in predicting the overall
survival rate of NSCLC patients. The ROC
curve presented that the cut-off value was 3.534,
with 90% sensitivity and 71% specificity. There-
fore, the cut-off value of circ-MTHFD2 was set
to 3, and the cases with a relative expression
level below 9 were classified as low expression
group, while those with a relative expression
level above 9 were classified as high expression
group (Figure 3).

Relationship Between the Expression of
Circ-MTHFDZ and Pathological Features
of NSCLC Patients

Recruited NSCLC patients were thereafter as-
signed into high expression group (n=42) and low
expression group (n=58). According to the anal-
ysis by y-test, the expression of circ-MTHFD2
was not related to gender, age, pathological type,
and differentiated degree in NSCLC patients
(p>0.05). Notably, circ-MTHFD2 expression
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Figure 3. ROC curves of circ-MTHFD2.

was correlated with smoking history, tumor size,
TNM stage, lymph node metastasis, and recur-
rence (p<0.05). Among them, the expression of
circ-MTHFD?2 in NSCLC patients with smoking
history, tumor size > 3 cm, TNM stage > stage
II, lymph node metastasis, and recurrence were
markedly alleviated (Table I).

Table I. Relationship between the expression of circ-MTHFD?2 and clinical parameters in 100 NSCLC patients.

Cases Low expression High expression
Clinicopathologyparameter (n =100) (n = 58) (n =42) p-value
Gender 0.7480
Male 59 35 (60.3%) 24 (57.1%)
Female 41 23 (39.7%) 18 (42.9%)
Age (years old) 0.4272
<60 43 23 (39.6%) 20 (47.6%)
>60 57 35 (60.4%) 22 (52.4%)
Smoking history <0.0001
No 36 31 (53.5%) 5 (11.9%)
Yes 64 27 (46.5%) 37 (88.1%)
Tumor size (cm) 0.0002
<3 66 47 (81.0%) 19 (45.2%)
>3 34 11 (19.0%) 23 (54.8%)
Pathological type 0.3641
Adenocarcinoma 58 37 (63.8%) 21 (50%)
Squamous cell carcinoma 35 19 (32.8%) 16 (38.1%)
Others 7 2 (3.4%) 5 (11.9%)
Degree of differentiation 0.0824
High and medium 60 39 (67.2%) 21 (50.0%)
Low 40 19 (32.8%) 21 (50.0%)
TNM stage 0.0352
Stage I 25 19 (32.8%) 6 (14.3%)
> Stage 11 75 39 (67.2%) 36 (85.7%)
Lymph node metastasis 0.0196
No 61 41 (70.7%) 20 (47.6%)
Yes 39 17 (29.3%) 22 (52.4%)
Recurrence 0.0055
No 52 37 (63.8%) 15 (35.7%)
Yes 48 21 (36.2%) 27 (64.3%)
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Association Between the Expression of
Circ-MTHFDZ and Overall Survival Rate

Association between the expression of circ-
MTHFD?2 and overall survival rate was analyzed
based on Kaplan-Meier curves. The results were
demonstrated in Figure 4. The 5-year survival
rate in high expression group (67.2%) was re-
markably lower than that in low expression group
(90.0%, p<0.05).

Single Factor Analysis and
Multi-Factor Analysis of Total
Survival Rate of Patients

Single factor analysis based on Cox propor-
tional hazards model revealed that tumor size,
pathological type, degree of differentiation, TNM
stage, lymph node metastasis, recurrence, and the
expression of circ-MTHFD2 were risk factors for
overall survival in NSCLC patients. Multi-factor
analysis suggested that lymph node metastasis,
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Figure 4. Survival rate of NSCLC patients in high
expression group and low expression group.

recurrence, and the expression of circ-MTHFD2
were independent risk factors for overall survival
in NSCLC patients (Table II).

Table II. Single factor analysis and multi-factor analysis of total survival rate.

Item

Single factor analysis

Multi-factor analysis

HR (95% CI)

p-value

HR (95% CI)

p-value

Gender
Male
Female

Age (years old)
<60
>60

Smoking history
No
Yes

Tumor size (cm)
<3
>3

Pathological type
Adenocarcinoma
Squamous cell carcinoma
Others

Degree of differentiation
High and medium
Low

TNM stage
Phase |
> Phase 11

Lymph node metastasis
No
Yes

Recurrence
No
Yes

Circ-MTHFD2 expression
Low expression
High expression

1
1.018 (0.992, 1.045)

1
2.007 (0.809, 4.976)

1
0.549 (0.277, 1.090)

1
2.265 (1.196, 4.289)

1
0.41 (0.185, 0.917)
0.874 (0.433, 1.765)

1
3.423 (1.834, 6.983)

1
4.843 (2.512, 9.245)

1
3.925(1.974, 7.412)

1
3.225 (1.594, 6.532)

1
8.543 (4.712, 16.60)

0.172

0.133

0.086

0.012

0.036

0.707
0.025

0.008

0.004

0.001

0.0014

0.698 (0.404, 1.205)

1.034 (0.640, 1.673)

1.575 (0.737, 3.366)

0.636 (0.367, 1.103)

1.328 (0.682, 2.512)
0.954 (0.893, 1.064)

1.538 (0.403, 5.867)

1.008 (0.970, 1.044)

1.595 (0.837, 3.124)

4.223 (1.592, 10.023)

2.231 (1.002, 4.998)

0.197

0.891

0.241

0.107

0.334

0.398
0.529

0.138

0.031

0.002

0.022
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Discussion

Although great progress has been made in
medical technology in the past several decades,
the morbidity rate and prognosis of NSCLC are
still unsatisfactory. It is very critical to explore
new diagnostic biomarkers and therapeutic tar-
gets to improve the overall survival rate of NS-
CLC patients'. In this study, diagnostic biomark-
ers relevant to the occurrence and development
of NSCLC were investigated. CircRNAs are a
new type of IncRNAs with unclear biological
functions in mammalian cells, which are featured
by tissue and time specificities. CircRNAs are
highly conserved and stable, which make them
become the most potential cancer biomarkers'-'%;
they have a strong correlation with the occur-
rence and development of Alzheimer’s disease,
type 2 diabetes, cancers, and other diseases'®".
Hang et al'® found that 185 circRNAs are specifi-
cally expressed in 10 pairs of NSCLC tissues and
adjacent tissue samples, of which circ-FARSA is
evidently upregulated in NSCLC patients. There-
fore, circ-FARSA can be used as a non-invasive
potential biomarker of NSCLC. Li et al'® discov-
ered that hsa-circ-007950 is significantly upregu-
lated in 92 pairs of NSCLC tissues than adjacent
ones. The area under ROC curve (0.756) indicat-
ed the great importance of hsa-circ-007950 in
NSCLC diagnosis. In addition, the study on the
relationship between circRNAs and TNM staging
of NSCLC pointed out that the expression differ-
ence of circRNAs is closely related to the rate
of lymph node metastasis. Jiang et al'’ identified
7 upregulated circRNAs and 2 downregulated
ones in patients with NSCLC accompanied by
lymph node metastasis, with significant statisti-
cal significance. In the study of the relationship
between circRNAs and the prognosis of NSCLC,
Liu et al?® found that the survival rate of patients
with high expression of hsa-circ-103809 is sig-
nificantly lower than those with low expression.
CircRNAs are expected to be potential biomark-
ers for predicting the prognosis.

This study mainly explored the clinical signif-
icance of circ-MTHFD2 in NSCLC. The results
showed that the expression of circ-MTHFD2 was
upregulated in NSCLC tissues than adjacent ones.
Subsequently, the resistance of circ-MTHFD2
to RNase R confirmed that circ-MTHFD2 was
a circRNA. The ROC curve of circ-MTHFD2
demonstrated that circ-MTHFD2 had a certain
significance in the diagnosis of NSCLC. We
further explored the relationship between circ-
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MTHFD?2 level and clinical features of NSCLC
patients. The data showed that circ-MTHFD2
was closely related to smoking history, tumor
size, TNM stage, lymph node metastasis, and
recurrence in NSCLC patients. Moreover, highly
expressed circ-MTHFD2 was unfavorable to the
prognosis in NSCLC as Kaplan-Meier curves de-
picted. In addition, single factor and multi-factor
analyses on factors affecting the prognosis of NS-
CLC patients were conducted by introducing the
Cox proportional hazards model. It is discovered
that the high expression of circ-MTHFD2 was an
independent risk factor for NSCLC.

Conclusions

Circ-MTHFD?2 has great clinical significances
in the diagnosis, pathological staging, and prog-
nosis of NSCLC, which is expected to become a
specific biomarker for NSCLC.
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